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Glossary

Gian Luca Bonora

This glossary, brief and without any claim of completeness typical of a dictionary, is only intended to help 
the reader understand the translation of several specific terms and concepts appearing in Andrianov’s 
book. The Russian words and the archaeological expressions included here are not widely diffused and 
lack proper translation into English. The glossary is divided into two sections. The first, includes an 
explanation of typical words and specific expressions, related to agricultural and irrigation practices and 
to the Central Asian vegetal and animal world, belonging to Russian, Kazakh, Karakalpak, and Uzbek 
languages. These lexemes are not translated within the text, but only transliterated and italicized. The 
second section is represented by certain Russian and Central Asian terms that have been translated 
into English, although they require a short explanation because of their cultural complexity. It must be 
noted that some words typical of Central Asia physical and cultural landscape, such as kurgan, barchan, 
wadi, etc., are not included in this glossary because their meanings are internationally known and are 
included in the typical contemporary dictionary of English language.

Section 1: Explanation of the terms transliterated and not translated

Biyurgun (Биюргун)
Anabasis salsa, a semi-shrub 5–25 cm high of the Chenopodiaceae family, one of the species of anabasis. It 
is very widely diffused in Central Asia in saline soils in semi-deserts and deserts from Southern Saratov 
Oblast to Mongolia, occupying large areas in many places. It is an important fodder crop, especially 
for camels.

Chigir (Чигирь in Russian; Шигир –shigir- in Karakalpak and Kazak)
Primitive hydraulic device formed by a wheel with buckets for lifting water and irrigating small areas.

Farsakh (Фарсах, from Persian Parasang)
It is a historical Iranian unit of itinerant distance, usually estimated at 3.4 or 3.5 miles (5.5 or 5.6 
kilometers). In antiquity, the term was used throughout much of the Middle East but the Old Iranian 
language from which it derives can no longer be determined. There is no consensus with respect to its 
etymology or literal meaning. In addition, to its appearance in various forms in later Iranian languages 
(e.g., Middle Persian farsang or Sogdian fasukh), the term also appears in Greek as Παρασάγγης, in Latin 
as parasanga, in Armenian as hrasakh, in Georgian as parsakhi, in Syriac as prsha, in Arabic as farsakh 
and in Turkish as fersah.

Gryad (Гряд), see karyk.

Irrigator (Ирригатор)
This term is widely used by Andrianov and it can have a double meaning: on one hand, it can be pertinent 
to either a technician, engineer, or specialist in irrigation, involved in the study or the construction of 
irrigation and hydraulic works; on the other hand, it is often used to refer to the farmer who provides 
irrigation to fields.
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Itsitek (Итцитек or Итсегек)
Anabasis aphylla, plant of the Chenopodiaceae family. A short half-shrub with small branched scale-like 
opposite leaves, flowers in spicate inflorescences. Fruit are bacciform with yellow or pink wing-like 
appendages. It grows in saline and clay deserts and semi-deserts of the Near East, Middle and Central 
Asia, as well as in the Southern European part of Russia and Ukraine, Caucasus, and Southern Siberia.

Kair (Каир)
A type of agriculture without irrigation, practiced in river deltas, on moist, sandy and silt soils (Khazanov 
1992, note 3). Rivers in the desert lose their water to evaporation, infiltration in the adjacent soil 
loosens a large amount of sediments which accumulate and which eventually generate floods, usually 
in spring or early summer. Stagnating waters from these floods saturate the ground to such an extent 
that it remains wet until autumn. Fresh river silt is an excellent soil in which to sow that it provides an 
abundant harvest even with the most primitive cultivation. In the lower reaches of the Amudarya River 
there were stretches where the population used the areas of natural river floods or close occurrence 
of groundwater for sowing. This so-called kair agriculture is a direct descendant of the earliest types 
of desert farming. In kair agriculture man often had to protect their crops from excessive high water 
floods by deviating embankments. On kair lands it is impossible to cultivate cereals because wheat, 
barley and other cereals have predominantly surface roots impossible to nourish with the onset of heat 
beginning from the second half of May. Then, under the heat of the sun, moisture evaporates quickly 
and it is insufficient to allow the cereals to grow and develop. Thus in kair lands it is best to cultivate 
melons, pumpkins and other cucurbitaceous because of their relatively deep roots (Fedorovich 1948; 
Gulyamov 1957:59; Lewis 1966:484–485; Andrianov 1995).

Karyk (Қарық, from Kazakh and Karakalpak)
This word can have several meanings: 1) Оросительная канава для бахчевых культур – Orositelnaya 
kanava dlya bakhchvykh kultur = irrigation ditch for melon fields; 2) Арык – Aryk = irrigation ditch; 3) 
Грядка – Gryadka = ridged, or raised field; 4) Обилие, Изобилие – Obilie, Izobilie = wealth, abundance. 
In Andrianov’s book, the third meaning (raised furrows for cultivation, mainly of melons, watermelons, 
cucumbers and other cucurbitaceae) fits best with the context.

Ketmen (Кетмень)
Agricultural implement such as a hoe, used in Central Asia for tilling crops, digging ditches, etc.

Keurek (Кеурек or Keyrek сасыр)
Ferula assafoetida, it is an herbaceous perennial plant, growing to 1–4 m tall, with stout, hollow, somewhat 
succulent stems, native to the Mediterranean Region and east to Central Asia, mostly growing in arid 
climates. The leaves are tripinnate or even more finely divided, with a stout basal sheath clasping the 
stem. The flowers are yellow, produced in large umbels.

Khum (Хум)
Large (up to 1.5 m) earthen jar, tapering downward and with or without a neck, to store water and/or 
other food supplies. This type of container was widely distributed among the settled farming communities 
of Central Asia from Neolithic times onwards. The outer surface of the large vessel can be decorated 
with painted patterns or high relief clay figures. Contemporary Central Asian large containers have 
handles and a glazed inner surface.
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Khutor (Хутор)
Farm, separate farm in association with the land and the estate of the owner.

Mazar (Мазар)
A mazār is a tomb or mausoleum. The word deriving from the Arabic verb zāra “to visit”, whence also 
comes the noun ziyārah “a visit”, or “visiting the tomb of a saint for blessings”. Though the word is 
Arabic in origin, it has been borrowed by a number of eastern languages, including Persian and Urdu. 
The mausoleums of Sufi saints are often places of pilgrimage for Muslims. The city of Mazār-i Sharı̄f in 
Northern Afghanistan is so called because it is also famous as a pilgrimage site.

Pakhsa (Пахса)
Pisè, rammed clay, usually with addition of chalk, lime, straw, and gravel, widely used in ancient times 
for the construction of adobe buildings, structures and dwellings in Central Asia. Today it is still used 
by local populations mostly in rural environments.

Poisk (Поиск)
Any place in which a moderately brief survey sweep was made. Generally speaking, it is an archaeological 
site and for this reason a poisk could be represented by: a low-quantity surface scatter of material (Точка 
– Tochka, in Russian); by a camp-site or encampment or station (where the  collection of artifacts is poor 
– Стоянка – Stoyanka, in Russian); by a settlement, where a dense collection of surface material have 
been identified (Поселение – Poselenie and/or Городище – Gorodishe); by a funerary mound or barrow 
(Курган – Kurgan); and by a generic archaeological monument (Памятник – Pamyatnik).

Rustak (Рустак, from Middle Persian rotastak) 
Cornfield, worked or cultivated field.

Sajen (Сажень)
Old Russian measure of length equal to seven feet (2.13 m).

Saxaul / Saksaul (Саксаул in Russian, Сексеуил – Sekseuil – in Kazakh)
Haloxylon ammodendron, plant belonging to the Amaranthaceae. The saxaul is distributed in Middle 
and Central Asia (Iran, West Afghanistan, Western Turkestan), from the Aralo-Caspian region to the 
Amudarya River valley, in the lowland areas of Central Asia and China (Mongolia, Xinjiang, Kansu). It 
is a psammophyte, which grows in sandy deserts, on sand dunes, and in steppe up to 1,600 m a.s.l. In 
Central Asia, it often forms ‘saxaul forest’, while in Middle Asia it usually grows scattered. White saxaul 
is known as Haloxilon persicum; black saxaul is known as Haloxilon Aphyllum.

Sai / Say (Сай, in Russian from Kazakh; see also the synonym Ложбина – lojbina)
Dry bed of temporary drainage, seasonal water course.

Sengir (Сенгир, from Kazakh; Сеңгір – Sengir, Вершина – Vershina and Высокий Vysokiy)
Place located on top of a plateau or mountain and visible from a distance.

Solonchak (Солончак)
1) Почва, насыщенная солями, легкорастворимыми в воде – Pochva, nasyshchennaya polyami, 
legkorastvorimymi; 2) Озеро или ключ с соленой водой, солонец – Ozero ili klyuch s solenoy vodoy, solonets; 
a type of soil formed usually by the salinization of soil in steppe, desert, and semi desert regions having 
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an exudative water regime in which salts rise to the upper soil layers due to groundwater evaporation 
from the surface. The profile of solonchak soils is differentiated into poorly defined horizons. Below 
the surface usually there is a swollen and suberose saline horizon; farther down there is a weakly 
defined or residual humus horizon with streaks and patches of salts. Salinized rock or a water-bearing 
level occurs more deeply. Solonchak contains a substantial amount of highly soluble salts (from 1–3 to 
10–15%). A distinction is made between solonchak of primary and secondary salinization. The latter 
forms as a result of improper irrigation. There are semi-desert and sierozem solonchaks; the basis for 
this classification is the residual features of soils, from which the soils were formed. Solonchak are found 
in Central Africa, Asia, Australia, and North America. In Eurasia they occur in the Caspian Lowland, 
Northern Crimea, Kazakhstan, and Middle Asia. Any agricultural crop of those regions is suitable to 
be cultivated on solonchak. In preparation for cultivation, solonchak are desalinized by washing and by 
lowering the groundwater level (desalinating drainage).

Takyr (Такыр, from Turkic ‘smooth’, ‘even’, ‘bare’)
It is an alkaline soil formation, generally containing only algae and lichens, which are formed by 
the accumulation of dry elutriated alluvium in natural depressions. Physically, they form smooth, 
bare, thin, and hard parquet-like or cracked structures which are the result of the rapid drying of silt 
suspensions and the cementing of surface layers by calcium carbonate crusts. They are distributed over 
large waterless tracts throughout the deserts of Central Asia, providing convincing evidence of former 
drainage patterns and the retraction or shift in water courses. Since large takyr deposits generally reflect 
former riverine courses, the occurrence of a takyr formed during post-Pleistocene times may indicate a 
potentially rich area for archaeological research. The takyr is almost entirely devoid of vegetation; the 
flora consists exclusively of algae and lichens. Takyr becomes vegetated only when watered by the runoff 
of spring rains. Takyr zones are located outside the Tedjen and Murgab deltas, along the Amudarya 
and Syrdarya, and around the oases of Northern Bactria. These basins serve as seasonal (springtime) 
storage places for water where temporary wells are dug. They have a distinctive flora and fauna that 
attracts grazing animals and predators, and they provide important seasonal plants and animals in the 
deserts for caravans and herders.

Thalweg (Тальвег – Talveg – in Russian)
English loan word from German (tal = ‘valley’; weg = ‘way’), in geography and fluvial geomorphology it 
means the deepest continuous slope within a valley or watercourse system.

Tugai (Тугай, from Turkic)
Floodplain forest in the deserts of Middle and Central Asia. It is a type of fringing, or gallery, forest. 
Tugai thickets and forests are found in river valleys where the groundwater is close to the surface. 
Various species of trees are represented, including variable-leaved poplars (Populus pruinosa and others), 
willow (Salix wilhelmsiana), tamarisk (Tamarix sp.), salt tree (Halimodendron halodendron) and buckthorn 
(Rhamnus sp.). Some of these woods have little economic significance (some could be burned as fuel) 
but are important for retaining water. Typical tugai extend along river channels and narrow islands. 
Tugai on rich alluvial soils form dense stands of trees and shrubs entwined by lianas (Clematis, Calystegia). 
The herbaceous cover includes species of reed, dogbane, and, in some places, plum grass (Erianthus). 
In the floodplains of the Amudarya and Syrdarya there is a predominance of variable-leaved poplars; 
on salinized soils thickets of Tamarix ramosissima (2–4 m or, sometimes, 5–6 m in height) and Tamarix 
hispida (up to 1 m in height) predominate. Tugai are inhabited by boars, Bukhara deer, Turan Tiger, 
swamp lynx, rabbit, water rat, mice, many birds, amphibians, and reptiles.
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Uldruk (Ульдрук)
Anabasis aphylla, see Itsitek.

Uy (Yй, from Karakalpak)
The first and most widespread meaning of this word is Дом – dom, Жилище – Jilishche = house, dwelling, 
and any other adobe construction. The second meaning refers to a low-raised mound or hillock between 
takyr areas, like an island between takyr lowlands, and on which camelthorn (Alhagi) sporadically grows.

Verst (верста)
Old Russian measurement, equivalent to approximately 1.067 kilometers.

Yantak (Җантақ or Янтак, верблюжья колючка – verblyujya kolyuchka)
Alhagi, is a genus of Old World plants of the Fabaceae family. They are commonly called camelthorns 
or manna trees. There are three to five species. Alhagi species have proportionally the deepest root 
system of any plants: a 1 m high shrub may have a main root more than 15 m long; due to their deep 
root system Alhagi species are drought-resistant plants that utilize ground water, thus adapting perfectly 
to a hyper-arid environment.

Section 2: Supplementary short explanation of some Russian and Central Asian words 
translated in the new edition

Antichnost – Античность
Classical Antiquity or classical period. It is a broad term for a long period of cultural history centered 
on the civilizations of ancient Greece, ancient Rome, and others on the Mediterranean Sea. In B. V. 
Andrianov’s work, this term refers mainly to archaeological monuments and historical events dating 
back between the 4th century BCE and the 3rd or 4th century CE. We therefore refer to them by the 
adjective ‘Antique’ (see also Yagodin and Betts 2006: 6).

Arkhaizm – Архаизм
Archaic Period, from the 7th to 5th centuries BCE (see also Yagodin and Betts 2006: 6). In Andrianov’s 
book, Архаизм (Arkhaizm) and Архаик (Arkhaik) refer to the period of the Khorezm Civilization blossoming 
in the lower Amudarya, dating to the 6th and 5th centuries BCE, when irrigated agriculture development, 
connected with the construction of numerous and big diversion canals, was one of the important factors 
contributing to the formation of the so-called ‘Khorezm State’. During this period numerous fortified 
city-type settlements and multiple farmsteads appeared.

Aryk – Арык
Local term loaned from Turkish and meaning either a major canal for irrigation or a small furrow 
supplying water to fields.

Aul – Aул (in Russian, Awıl in Karakalpak)
Small hamlet, village.

Gyr – Гыр (from Kazakh қыр – kyr)
It can have a double meaning: 1) горный хребет, гребень горы – gornyy khrebet, greben gory = mountain 
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range; 2) слегка возвышенная местность с пастбищами и посевными угодьями – slegka vozbyshennaya 
mestnost s pastbishchami i posevnymi ugodyami = a slightly elevated area of pasture land and sowing fields.

Janadarya – Жанадарья or Жаныдарья – and Inkardarya – Инкардарья
The Syrdarya Delta consists of six main deltaic branches, here labeled from north to south: Syrdarya; 
pra-Kuvandarya (in the past called Eskidrjalyk with Kurauly, Eskydaryalik, and Ajikhansaidarya as 
tributaries); Kuvandarya (with Otakaly and Madenuet as tributaries); Zhanadarya (or Zhanydarya 
according to the Kyrgyz-Kazakh pronunciation widespread in the 19th and in the first half of the 20th 
century); Inkardarya (with two main courses, the Upper and the Middle); and lastly Karadarya (or Lower 
Inkardarya). It must be noted that in all the ethnographical, archaeological, and historical literature 
produced by the Khorezm Expedition, and thus even in Andrianov’s book, the hydronym Karadarya is 
never mentioned because this ancient riverbed was recognized as the Lower Inkardarya. 

Kala – Кала
From Russian, otherwise qala in Karakalpak, Kazakh, and Uzbek = a town, usually with a fortified citadel. 
In the past also referring to an enclosure of yurts fortified by earthen ramparts.

Kel – Көл (in Karakalpak and Kazakh)
Lake, water basin; Күл – Kul (in Karakalpak and Kazakh) = ash, cinder. B. V. Andrianov did not distinguish 
between the two words, because of their pronunciation being similar but dissimilar in meaning.

Lepnaya Keramika – Лепная Керамика 
Hand-made rough pottery.

Limannoe oroshenie – Лиманное oрошение
A type of estuary irrigation; small-scale gravity soil watering, in spring, by means of local water resources. 
In this technique surplus water is used from reservoirs, canals and/or melting ice and snow flow from 
an area higher than farms and fields. These are surrounded by a more or less complex system of dams 
and embankments, thus appearing similar to an “estuary – semi-enclosed body of water” = Лиман 
(liman, in Russian). In recent times, this technique was mainly widespread in some regions of Central 
Asia, in the Volga River valley and in the Northern Caucasus where it was used for cereals production.

Meridionalnyy – Меридиональный
Направленный по меридиану, с севера на юг – napravlennyy po meridian, s severa na yug = along the 
meridian, from north to south and vice versa, in a north–south or south–north direction.

Solyanka – Солянка
Salsola, is a genus of the subfamily Salsoloideae in the Amaranthaceae family. A common name of 
various members of this genus is saltwort, because of its salt tolerance.

Stankovaya Keramika – Станковая Керамика  
Wheel-made fine pottery.

Staritsa – Старица 
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Old stream or riverbed. This term is generally used for a body of water typically found in flat, low-lying 
areas, and can refer either to an extremely slow-moving stream or river (often with a poorly defined 
shoreline), or to a marshy lake or wetland.

Там – Там
A single story flat-roofed house, traditionally built of mud bricks but now often with cement.

Zemlekopalka – Землекопалка 
Digging stick.
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Preface: Boris V. Andrianov
and the Archaeology of Irrigation

Simone Mantellini

As Boris Vasilevich Andrianov stated in the very 
beginning of his book (Andrianov 1969:3, 5), 
life in Central Asia cannot be possible without 
artificial irrigation. This is particularly true 
today as in the past, and it is particularly true 
in Khorezm, where, without appropriate water 
management, the harsh climate condition can 
easily turn a green oasis into a desert.

This is one of the main reasons why many 
scholars engaged in Central Asian studies have 
devoted most of their attention to ancient irrigation 
and hydraulic systems, and their relationship with 
ancient human settlements (see an overview in 
Bartold 1965:95–233; Lewis 1966; Andrianov 
1995; Lecomte and Francfort 2002). Among 
these writings, Andrianov’s book Drevnie orositelnye 
sistemy priaralya (Ancient Irrigation Systems of the 
Aral Sea Area) can probably be considered the 
major output on the subject for several reasons. 
First, because this work summarizes the results 
of studies on ancient irrigation achieved during 
15 years of research around the Aral Sea with 
the Khorezm Archaeological-Ethnographical 
Expedition (hereafter KhAEE). Secondly, this 
work is fundamental in understanding historical 
changes in settlement dynamics and environ-
mental transformations which occurred in 
Khorezm over the last three millennia. Lastly, 
Andrianov and his archaeological-topographical 
unit carried out intensive field work aimed 
at collecting and analyzing data according to 
an innovative and multidisciplinary approach 
combining traditional archaeological methods 
and techniques with those provided by other 
disciplines such as geography, ethnography, and 
geology. Before Andrianov, other scholars dealt 
with the study of ancient irrigation systems in 
Central Asia, specifically around the Aral Sea 
(Gulyamov 1957; Voevodskiy 1938). However, 

no one addressed this issue through a multi-
disciplinary approach and a systematic way over 
such a vast area, and with a long-term perspective 
as Andrianov did.

In spite of its scientific value, Drevnie orositelnye 
sistemy priaralya was written in Russian and 
therefore its diffusion was limited to the former 
USSR countries and among the few Western 
scholars dealing with this specific research 
topic. In the last decades, the increase in inter-
national archae ological expeditions to Central 
Asia, as well as the growing interest with issues of 
desertification and water archaeology, have made 
the work of Andrianov central to landscape and 
environmental archaeology projects currently in 
progress in this region.

The universities of Bologna and Harvard 
joined to translate Andrianov’s book into English to 
make it widely available. Adding to the initial idea 
of translating the Russian text was the addition of 
papers centered on the figure of Andrianov and 
his contribution to the study of ancient irrigation. 
The volume is also enriched with a map published 
by O. Lecomte and H.-P. Francfort (2002) which 
summarizes the main archaeological discoveries 
of the KhAEE: major settlements, their chronology 
and function, graveyards, the main irrigation 
networks, as well as the aerial and car routes used 
during field surveys.

The first introductory article is by Pavel V. 
Dolukhanov and it provides a general overview on 
Russian, and later Soviet archaeology in Central 
Asia, beginning with the Russian conquest in the 
second half of the 19th century. Dolukhanov 
describes the main archaeological investiga-
tion carried out in the former Soviet republics 
of Central Asia, from the first excavation at 
Afrasiab (ancient Samarkand) and Merv to the 
multidisciplinary expeditions in Khorezm, under 
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the directorship of S. P. Tolstov, and in Southern 
Turkmenia (YuTAKE) headed by M. E. Masson. 
Furthermore, specific attention is devoted to the 
important study of ancient irrigation in Central 
Asia and the fundamental contribution in this field 
by Andrianov in the Aral Sea and by G. N. Lisitsyna 
in Southern Turkmenia. The short description on 
the research history at Samarkand-Afrasiab was 
provided by Frantz Grenet, Director of the Mission 
Archéologique Franco-Ouzbeke (MAFOuz).

Sergey B. Bolelov focused his paper on the 
importance of research on ancient irrigation 
systems carried out by Andrianov in Khorezm and 
Lower Syrdarya. Bolelov also recalled a brief history 
of the KhAEE, its different topics and targets, and 
remarks on the most advanced multidisciplinary 
approach given to the expedition by S. P. Tolstov. 
As soon as the KhAEE started research in the Aral 
region, a specific archaeological-topographical 
unit was established, under the direction of 
Andrianov, in order to map and study the so-called 
‘lands of ancient irrigation’, i.e. the abandoned 
ancient settlements, cultivated areas and irrigation 
works. According to Bolelov, the pioneering and 
innovative research, that combined the use of 
aerial photos with field surveys and excavations, 
made Andrianov the founder of the ‘archaeology 
of irrigation’ in Central Asia.

The article by Zamira S. Galieva mostly deals 
with the person of Boris V. Andrianov, who 
accepted to be her main supervisor when, in the 
early 1980s, Galieva moved from Tashkent to 
Moscow to obtain her Ph.D. in Historical Sciences. 
Even at that time, more than 40 years since its 
beginning, the fame of the KhAEE was still so 
high that Galieva considered it an honor to have 
been trained by Andrianov in uncovering and 
mapping archaeological evidence through aerial 
photographs. Following these first experiences, 
Galieva would improve these methods with 
other scientific projects and throughout the most 
advanced applications of informatics. Finally, 
Galieva remarked how Andrianov was able to 
connect his human qualities to scientific skills so 
that he is still remembered today.

The article written by Vadim N. Yagodin and 

Alison V. G. Betts provides an updated archae-
ological view of the area formerly investigated by 
the KhAEE in light of recent dis coveries by the 
Karakalpak-Australian Archaeological Expedition 
(KAAE). After a general overview of results 
achieved by the KhAEE and the study of ancient 
irrigation systems in that area, the authors focus 
their attention on key sites investigated by the 
KAAE, in particular on Tash-Kirman-tepe, now 
interpreted as a ritual center associated with 
the veneration of fire, and not a fortified manor 
as Andrianov supposed after his preliminary 
investigation.

The final article is a theoretical essay written 
by C. C. Lamberg-Karlovsky on the role of 
irrigation, and water management more generally. 
Based on archaeological data, the written sources, 
and the different schools of thought on this matter, 
Lamberg-Karlovsky provides a comprehensive 
analysis on the role of water in ancient civilizations 
with numerous references to the contemporary 
situation.

The major problems encountered during the 
translation process was the presence of many 
specific terms and technical words belonging 
to Russian thought and archaeological school. 
Sometimes these terms do not have an exact 
corresponding translation in English (see for 
example the question of poisk and irrigator in 
Bonora, infra). Thus, these terms have been only 
transliterated within the text, and then included 
and explained in detail in a short glossary edited 
by Gian Luca Bonora at the beginning of the book. 
Given that this book wants to be also a mean 
of spreading the archaeology of Central Asia 
to Western scholars, the glossary includes the 
explanation of some others terms and concepts 
typical of the Soviet-Russian archaeological school.

Finally, the whole bibliography at the end of the 
book includes all the references cited in the text 
(on this matter, see also the notes on references, 
infra). One part of the bibliography, edited by Irina 
A. Arjantseva, has been specifically devoted to all 
the work published by Andrianov throughout his 
scientific career. It includes the work mentioned 
in the book and in addition all the geographical-
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archaeological research, particularly on the subject 
of irrigation and water management, which he 
published later. Andrianov’s complete scientific 
writings consist of more than 50 publications, 
the major part of which are dated to the 1960s 
culminating in 1969 with the release of Drevnie 
orositelnye sistemy priaralya. Almost ten years later, 
in 1978, Andrianov also published a further, 
but less known, essay on this subject entitled, 
Zemledelie nashikh predkov (Agriculture of our 
ancestors). Of all of Andrianov’s writings, four are 
published in English. The first paper, entitled, Some 
Aspects of the Problem of the Interplay of Nature and 
Society (Andrianov 1966a) is the translation of an 
article published earlier in Russian (Andrianov 
1966b). In this work, mainly focused on the 
18th–20th centuries, Andrianov supports the idea 
that the major environmental changes occurred 
recently in the Lower Amudarya due to human 
activities rather than physical-geographical factors 
(Andrianov 1966a:3). The second (Andrianov 
1976) is a very short comment on the article, Canal 
Irrigation and Local Social Organization (Hunt and 
Hunt 1976). The discussion focuses on whether or 
not irrigation was the major cause of development 
of early states and civilizations. Based on his work 
in Khorezm, Andrianov declared that the “State 
power was an important condition, but not the 
result, of the successful development of irrigation” 
(Andrianov 1976:756). Although he considered 
this study interesting, he criticized the approach 
because the article “… has little specific information 
on regional irrigation. Furthermore, the question 
involved in the linkage of the development of 
irrigation and the rise of state power is not 
clearly elucidated” (Andrianov 1976:756). The 
third article (Andrianov 1978b) is a theoretical 
essay on the concept of the hydraulic society. 
It has been treated in detail in the introductory 
paper by Lamberg-Karlovsky (see infra). The last 
paper (Andrianov 1995), is the most interesting 
from the perspective of archaeology of water 
management. Referring to the case of the Aral 
area, the article is actually a general and updated 
historical overview of irrigation and agriculture in 
Central Asia based on data collected throughout 

this region in the last decades. In this work, 
Andrianov describes the main development steps 
of irrigated oases and farming practices, from 
the early agricultural communities of Southern 
Turkmenia in the 6th–3rd millennia BCE to 
modern times. Moreover, Andrianov takes into 
consideration all the historical regions of Central 
Asia, from the foothill of the Kopet Dag to the West 
Pamir, and from Bactria to the Lower Syrdarya. In 
agreement with other eminent scholars, such as Ya. 
G. Gulyamov (1974) and A. R. Mukhamedjanov 
(1975, 1994), Andrianov considers the heyday of 
irrigation development in Central Asia in the first 
centuries CE, at the time of the Kushan Empire, 
in connection with the development of urban 
areas, flourishing of trades, progress in craft, and 
development of hydraulic engineering (Andrianov 
1995:13; see also Andrianov 1969:124; Tolstov 
1948a:32, 1948b:113ff.).

The present book is divided in two parts. 
The first part, chapters 1 and 2, is more general 
and theoretical, and deals with the ancient 
irrigation study methods, as well as the origin and 
development of irrigated agriculture. The second 
part, chapters 3, 4, and 5, regards specific field 
work and results achieved by Andrianov and the 
archaeological-topographical unit, in the so-called 
‘lands of ancient irrigation around the Aral Sea’.

The book begins by commemorating D. D. 
Bukinich, the engineer and irrigation specialist 
whose work, according to Andrianov, marked 
the beginning of the study of Central Asia ancient 
irrigation systems.

Then, the author briefly describes the book’s 
aims and structure. He underlines the importance 
of artificial irrigation in areas with arid climates, 
and the difficulty in studying ancient irrigation 
systems and hydraulic devices because of their 
poor state of preservation. In this regard, the lower 
reaches of Amudarya and Syrdarya represent an 
excellent case study due to the amount of field 
data collected and the work of the many scholars 
involved with the KhAEE.

In the Introduction, the author focuses on the 
main aspects of ancient irrigation systems and their 
main socio-economic implications. In particular, 
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Andrianov underlines the double aspects of irriga-
tion systems: on one hand, they play a major role 
in the development of arid regions, on the other 
hand they are difficult to study and date.

The author presents previous studies on 
ancient irrigation in Khorezm, started in the early 
1930s with M. V. Voevodskiy. Ya. G. Gulyamov 
continued this research during the prewar and 
postwar years and published the result in the 
well-known book Istoriya orosheniya khorezma s 
drevneyshykh vremen do nashik dney (History of 
Irrigation of Khorezm from the Antique Period 
to Our Day; Gulyamov 1957), that Andrianov 
considered as “the most important step in studying 
the history of irrigation in Khorezm. However, 
some of his conclusions “must be amended and 
expanded on the basis of new material” (Andrianov 
1969:8). The study of Khorezm ancient water 
management was widely considered also by 
Tolstov in his monumental work Drevniy Khorezm 
(Ancient Khorezm, Tolstov 1948a), where the 
author advanced some important conclusions 
frequently noted and accepted by Andrianov 
himself. In his book, Tolstov attempted a general 
historical reconstruction of the population of 
Khorezm from the earliest period up to the 19th 
century. After the progress in irrigation techniques 
in Antiquity and during the Kangju-Kushan 
periods, Tolstov “convincingly proved that the 
main reason for the formation of the ‘lands of 
ancient irrigation’ was not natural catastrophic 
changes, but, above all, socio-historical factors, 
political and economic crises, and that “only a 
centralized Oriental despotism could create the 
great canals of Khorezm” (Andrianov 1969:10)

The Chronology of Research describes the field 
work carried out season by season and major 
interesting points and areas investigated by the 
archaeological-topographical unit. This team, 
headed by Andrianov, specifically addressed the 
systematic survey and mapping of the ancient 
irrigation system of the Aral Sea area in order to 
reconstruct in detail settlement patterns developed 
in this region, from the Bronze Age to their 
abandonment by the Karakalpaks and Turkmens 
in the 18th–19th centuries. Andrianov highlights 

how this work was widely based on the use of 
aerial reconnaissance and then field surveys. 
The results of his unit were then combined with 
those provided by the other teams forming the 
KhAEE: archaeology (leader team S. P. Tolstov), 
geography and ethnography (B. V. Andrianov), 
geomorphology (A. S. Kes), botany (L. E. Rodin), 
engineering-geodesy (N. I. Igonin), soil scientist 
(N. I. Bazilevich). Finally, the author summarizes 
the data collected during 14 seasons of field work 
carried out by his team between 1952 and 1964: 
1640 poisk were investigated on the right bank of 
Amudarya, 981 poisk on the left bank of Amudarya, 
and 1000 poisk on the Lower Syrdarya.

In the first chapter the author focuses 
on the Ancient Irrigation Study Methods. The 
author describes the approach employed by the 
archaeological-topographical unit in researching 
the historical dynamics of irrigation systems and 
their relation to settlement pattern. The major 
problems concern the poor state of preservation 
of canals, hydraulic devices, and field layouts, 
which many times were buried under sand 
dunes, or highly damaged by agricultural works 
and anthropogenic transformations. Andrianov 
stated that “the cultural landscape is a complex 
natural-historical formation, in which the effects 
of influences from different historical periods are 
gradually accumulated” (Andrianov 1969:16). 
Therefore he argues that such a study “requires 
an interdisciplinary approach combining natural 
geography and human sciences” (Andrianov 
1969:16). In this regard the modern desert 
areas around the Aral Sea investigated by the 
KhAEE represents a unique case study where 
the irrigation systems form a sort of skeleton of  
ancient and modern oases. Andrianov deals also 
with the difficult task of dating ancient irrigation, 
mostly because the major canals might have 
supplied water for a very long time, and digging 
a few settlements along a canal could not provide 
a reliable chronology for the canal itself.

Part of the chapter is dedicated to the method 
of detecting and mapping irrigation networks 
through aerial methods. Andrianov provides a 
summary of aerial archaeology history and its 
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application in studying ancient irrigation systems 
and hydraulic devices. The author summarizes 
the main publications and pioneer scholars in 
aerial archaeology, such as G. A. Beazeley, O. G. 
S. Crawford, A. Poidebard, and R. Chevallier in 
the West, and the early experience in Russian 
archaeology and the KhAEE. Andrianov shows 
a wide knowledge of aerial archaeology history, 
even of publications outside the former USSR. 
In particular, he agrees with J. Bradford that 
aerial archaeology cannot be separated from field 
archaeological work, and it must be combined with 
historical research, written sources, geography, 
and the geology of an investigated area.

The second chapter deals with the Origin and 
Development of Irrigated Agriculture, in different 
areas of the world. Even in this case, Andrianov 
shows a very good knowledge of the main research 
achieved on this matter throughout the world, from 
the main ethno-archaeological studies of American 
Indians in the New World by J. H. Steward, C. 
D. Forde, and E. W. Haury, to the archaeological 
survey in Mesopotamia by R. McC. Adams, to 
excavations in the Near East (Jericho, Jarmo, Ali 
Kosh, Çatal Hüyük, Hacilar, etc.), which allowed to 
date the appearance of irrigated agriculture in the 
Old World as early as the 8th–6th millennia BCE.

In Irrigation and Ancient Civilizations, Andrianov 
recalls the theory of ‘hydraulic societies’ advanced 
by K. A. Wittfogel, where the development and the 
maintenance of large-scale irrigation systems were 
possible only through a centralized and strong 
state, with a bureaucratic structure and the wide 
use of forced labor. On this matter Andrianov 
agrees that “… the slave character of collective 
irrigation works is not in doubt” (Andrianov 
1969:67). After an overview on the development 
of irrigated civilization in Egypt (‘homeland of 
irrigated agriculture’), Mesopotamia, and China, 
attention is focused on Central Asia. The author 
noticed the poor consideration given by western 
scholars to this region, except for the work of 
R. A. Lewis (1966), who provided a remarkable 
outline of  West Turkestan early irrigation. Among 
the research on the history of water management 
in Central Asia, the work by G. N. Lisitsyna in 

Southern Turkmenia is particularly outstanding. 
Through a comprehensive approach similar to the 
KhAEE, she was able to identify, in the foothill of 
the Kopet Dag, early agricultural communities 
of Central Asia (4th–3rd millennia BCE), which 
were based on water exploitation from mountain 
brooks (sai) and kair irrigation (for sai and kair see 
Bonora, infra).

In concluding the first part of the book, 
Andrianov argues that irrigation skills are highly 
dependent on local and geographical conditions, 
and closely connected with the technical and 
socio-economic development of ancient societies.

The third chapter concerns The Southern Delta 
of the Akchadarya, the first area investigated by 
the archaeological-topographical KhAEE unit. 
Irrigation works are described according to 
their chronology and location. Although the data 
available for the Bronze Age are poor, it is highly 
possible that the inhabitants of Khorezm practiced 
irrigated agriculture at that time. Archaeological 
data proved, during this period, the introduction 
of some important devices in the development of 
irrigation technologies. First are the ‘head works’ 
at the Tazabagyab settlement, which were used 
to control the level of flood water in the former 
riverbed adapted for irrigation. Second, at the 
settlement of Bazar 8, was the distributor, i.e. an 
intermediate canal allowing a ramification of the 
network of canals to irrigate a wider area. The 
Archaic period (6th–5th centuries BCE) is the 
building time of massive irrigation systems both on 
the right and on the left banks of the Amudarya. 
In that period, canals heads were moved into the 
major river channel rather than in one of its lateral 
branches showing the great ability of Khorezmians 
in building ‘artificial rivers’ and small ‘artificial 
deltas’. The size and section of canals increased 
and irrigation networks display a ‘sub-rectangular’ 
layout. The Kangju, and especially Kushan 
periods (4th century BCE – 4th century CE) 
represent the construction heyday of large 
fortifications and towns and the development 
of irrigation techniques. This is connected with 
the increase in field size and cultivated crops. 
Considering as an example the 90 km long 
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Kyrk-Kyz canal, the author suggests that at least 
15,000 workers were required for two months for 
its construction, and 6,000–7,000 people for its 
seasonal cleaning and maintenance. The Medieval 
Age is characterized by a socio-economic crisis 
leading to the decline of many urban centers and 
the abandonment of settlements and irrigation 
works. The Khorezmshah period (12th–early 13th 
centuries) is a time of radical reconstruction of 
old irrigation systems and further development 
of Medieval irrigation techniques. The case of 
the Gavkhore Oasis illustrates the extremely high 
level of agricultural production reached at that 
time. Finally, the Mongol invasion in the early 
13th century marks the end of Khorezm right 
bank economic development.

Research in the Sarykamysh Delta is presented 
in the fourth chapter. Here the Bronze Age 
finds are even poorer than in the Amudarya, 
thus Andrianov argues that irrigated agriculture 
and hydraulic facilities appeared in this region 
somewhat later. However, the ethnographic 
comparison suggests an integrated economy for 
that period, where thickets served as pastures for 
cattle, and the inhabitants fished in the channels 
and cultivated millet and gourds in the kair. In 
the Archaic period (6th–5th centuries BCE), the 
construction of important irrigation systems on the 
Chermen-yab and Daudan was connected with the 
strong state formation developed in Khorezm. Like 
on the right bank of the Amudarya, the progress 
in irrigation technology is considerable, and the 
water supply pattern was as follows: riverbed–head 
works-drainage–main canal-feeder –field. The 
massive construction of large irrigation systems 
in the Sarykamysh Delta is mainly dated to the 
Kangju and especially to the Kushan times (4th 
century BCE–4th century CE), when small canals 
were combined into a unique greater system. 
Considering Medieval irrigation works, Andrianov 
highlights the appearance of the chigir (see Bonora, 
infra), i.e. the water-lifting device introduced 
because of the lowering water in irrigation 
canals. Research along Medieval Chermen-yab 
demonstrates how the wide spreading of chigir 
on one hand reduced the surface covered by 

irrigation facilities but, on the other hand, increased 
the irrigated land. The traditional scheme of the 
irrigation network also changed according to this 
scheme: river-headworks-main canal-distributors 
of 1st and 2nd order-feeder-chigir-field. Also for the 
Chermen-yab the author provides an evaluation 
of labor investment required to accomplish its 
digging: 12,000–14,000 laborers for 50 days and 
5,000–6,000 workers for the annual cleaning. 
Finally, modern era irrigation works are taken 
into consideration. The 16th–18th centuries were 
a period of decay for the Sarykamysh Delta and the 
whole Khorezm, while in the 18th–19th centuries 
cleaning and reconstruction of Medieval works 
were implemented in Northern Sarykamysh.

The fifth chapter describes the results achieved 
during work in The Lower Syrdarya, in particular 
on the left bank of the river. Andrianov provides 
an overview of the natural conditions of this 
area. The Lower Syrdarya has less water than 
the Lower Amudarya and it was a huge deltaic 
area, with numerous swamps and lakes, before 
the development of irrigated agriculture. The 
Bronze Age sites have not been sufficiently studied 
and irrigation systems of that period are poorly 
identified. The hydraulic works of Antiquity 
(4th–2nd centuries BCE), are better preserved, 
especially in the environs of Babish-Mulla and 
Chirik-Rabat along the Middle Inkardarya. These 
systems were based on flood regulation, which is 
rather primitive if compared to the more complex 
systems of dikes and head-works developed 
in Khorezm at the same time. The irrigation 
scheme was also simple: riverbed–former river-
bed (reservoir)–feeder–field. However, quite 
interesting is the adaption of former riverbeds 
in reservoir-basins used to maintain the water 
level required to irrigate fields. This system 
was particularly widespread in the Djety-asar 
Oasis between the 1st century BCE and the 9th 
century CE. For the Medieval period (9th–16th 
centuries CE), Andrianov mentions the example 
of irrigation works developed in the so-called 
‘swamp settlements’ and along the Janydarya. In 
that period the Lower Syrdarya was characterized 
by a primitive semi-settled economy, combining 
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pastoralism, irrigated agriculture on former 
riverbeds, and fishing. The situation was different 
in the Middle Syrdarya, where irrigation was 
mainly based on gravity systems derived from the 
main river through head-works and it resembled 
the contemporary Khorezm systems. Several 
irrigation works were also found on banks of 
the Janydarya and Kuvandarya dry riverbeds 
in connection with abandoned Karakalpak and 
Kazak farming settlements (17th–19th centuries), 
who sometimes deepened and rebuilt the canals 
and the Medieval water works.

In the Conclusion, Andrianov retraces the 
stages of development of irrigation systems 
and water management after the research 
of the archaeological-topographical unit in 
Khorezm and in the Lower Syrdarya. From a 
methodological perspective, the author recalls 
the need for a comprehensive study of the 
landscape, where the single features of irrigation 
systems must be considered in close connection 
with the geographical environment. With this 
assumption, the preserved traces of ancient oases 
are an excellent source for the study of economy, 
material culture, and lifestyle of ancient people. 
However, they can be studied only through 
an approach combining historical and natural 
sciences and using different methods, such as 
field archaeological surveys and deciphering of 
aerial photographs.

In Khorezm, the development of irrigation 
techniques started in the Bronze Age, with the first 
attempts of wetland reclamations, flood controls 
and primitive forms of kair and estuary agriculture. 
During the Amirabad (9th–8th centuries BCE) 
and the Archaic (6th–5th centuries BCE) periods 
regulated riverbeds and former riverbeds began 
to be turned into small artificial main canals. 
These water supply improvement methods led 
to an increase in canal sizes and irrigated land. 
The Kangju, and especially the Kushan periods 
(4th century BCE–4th century CE), at the time 
of the Khorezm State, were characterized by the 
process of combining local systems into a single, 
massive system. The next important advance was 
the Medieval chigir (9th–11th centuries), i.e. the 

water-lifting device, which allowed an increase 
of 30–40% of irrigated areas.

The development of water management in 
the Lower Syrdarya was different, and somewhat 
slower, than Khorezm. Irrigation appeared only 
in the mid-1st millennium BCE, and without 
the complex and extensive systems typical of 
Khorezm. Andrianov gives a socio-economical 
explanation of this gap. This vast and wet area 
required strong efforts in flood control and dike 
building by a long-time settled population, or 
perhaps a strong and centralized state. In the 1st 
millennium BCE this territory was occupied by 
tribes with an integrated primitive economy of 
agriculture, herding and fishing. To support this 
hypothesis, Andrianov notes how the indigenous 
Karakalpaks of this area lived under patriarchal-
kinship ties until the 20th century. Moreover, he 
also reports labor calculations required for the 
construction and annual cleaning of irrigation 
works. Based on some ethnographical studies in 
the Khiva Oasis, Andrianov evaluates the high 
cost of labor investment required for such work 
and introduces his hypothesis on the emergence 
and development of the slave-owning mode of 
production. This was typical at the time of the 
Khorezm State, while in the Medieval period the 
spreading of the chigir reduced significantly the 
labor cost for constructing and cleaning canals.

In an attempt to consider the origin and 
development of Khoezm irrigated agriculture 
in a wider perspective of other Old World arid 
zones, Andrianov used the most recent ethno-
archaeological (V. G. Childe, C. D. Forde) and 
paleobotanic (H. Helbaek, K. V. Flannery, N. I. 
Vavilov) studies. He asserts that the spread of 
irrigated agriculture was not a simple mechanical 
transfer of skills in farming and irrigation methods 
from one area to another, but rather a complex 
historical-cultural process, varied in different 
ecological conditions of natural vegetation and 
water resources.

Thenceforth, Andrianov tries to explain the 
causes of death of the ancient civilizations, and thus 
the formation of the ‘lands of ancient irrigation’. 
Supporting the theory of geographers L. S. Berg 
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and A. I. Voeykov, and their criticism against the 
determinism of E. Huntington, Andrianov suggests 
that the decline of the Khorezmian and Central 
Asian oases was primarily due to socio-economic 
factors, such as wars and feudal fragmentation, 
which contributed to the movement of people, 
abandonment of cultivated lands and irrigation 
systems. A similar process can be seen also in the 
Diyala Basin thanks to the research of R. McC. 
Adams.

Finally, the author considers his study under a 
modern perspective. The extension of the ancient 
irrigation in the Aral Sea covers approximately 5 
million ha, that is three times the area covered by 
the irrigation network at the time of Andrianov. 
The information available on ancient irrigation 
and hydraulic works might be extensive and used 
to plan and sustain modern irrigation projects 
promoted by the former USSR.
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Notes on Translation, References, and Transliteration

Simone Mantellini

The English edition of Drevnie orositelnye sistemy 
priaralya attempts to be as faithful as possible to 
the original. The criteria followed in editing are 
those of American Antiquity, while for specific 
names and styles the Merriam-Webster’s Collegiate 
Dictionary, 11th ed., and the Chicago Manual of 
Style, 14th ed., were widely used. The introductory 
papers, notes and captions follow these guidelines 
as well as the style adopted by Andrianov in the 
original book edition. All the words in languages 
other than English have been italicized when not 
included in the Webster’s Collegiate Dictionary, 11th 
ed. (for example aryk, chigir, poisk , etc.) and then 
explained in the Glossary by G. L. Bonora. Titles of 
Russian publications cited by the author within the 
text have been italicized, and then translated into 
English between brackets immediately after the 
original. For example: Drevniy Khorezm (Ancient 
Khorezm).

However, some changes, corrections and 
additions to the Russian edition were necessary 
in order to adapt the translation and the trans-
literation of many specific terms, names, and 
concepts belonging to Russian-Soviet archaeology. 
These changes mostly refer to some inaccurate 
and unclear citations, especially regarding foreign 
bibliographies. They are included in the Editor’s 
notes at the conclusion of this volume with a short 
description of changes while footnotes placed 
in the original edition remain unchanged in the 
Endnotes. Question marks are in Andrianov’s 
original Text and Endnotes.

Figures and plates were left as they were in the 
original edition. Despite efforts to recover original 
pictures and figures, they were no longer available 
thus they were scanned at the highest possible 
resolution in order to maintain good quality 
images. The tables were completely redone.

The in-text reference citations have been 
changed only when necessary to provide uni-
formity with the reference list at the end of the 

book. Thus, in the multivolume work by V. V. 
Bartold and N. I. Vavilov, the year of publication 
was added after the author, and eventually the 
number of Tom in case of two, or more Tom in 
the same year. The number of the Tom (volume) 
and Vypusk (issue/number either of a journal or 
of a monograph in a series) remains numbered 
in Arabic or in Roman characters according to 
the original edition.

Reference citations of more authors also agree 
with the order given by Andrianov, who usually 
followed a chronological rather than alphabetical 
sequence.

A final mention concerns the bibliography. 
References quoted in the text are collected 
at the end of the volume according to the 
original book, where they are divided in three 
sections: ‘Proceedings of the founders of Marxism-
Leninism’, ‘References in Russian’, and ‘Original 
references in other languages’. To facilitate the 
reader in searching single references, especially 
those in Russian, several of the works reported by 
Andrianov as Abbreviations either of journals or 
edited volumes had to be spelled out to properly 
attribute them to the right authors. Despite 
many efforts, several remained difficult, when 
not impossible, to be found and thus were left 
as mentioned in the original book. Abbreviations 
reported at the beginning of final references 
concern bibliographical information trans liter-
ated from Russian publications (for example, vyp. 
= issue, izd. = edition number, etc.).

It must be noted that articles in journals or 
in edited volumes were reported by Andrianov 
without specifying singles pages. Checking all 
the entries would have required a long time so 
it was done only for those doubtful citations or 
for those citations requiring additional scrutiny. 
As mentioned above, all of Andrianov’s writings 
are now listed in I. Arjantseva’s additional papers 
(see infra).
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The number of abbreviations for journals 
and series were also reduced considerably after 
transliteration in order to avoid matching journal 
abbreviations published either in Russian or in 
English. For example, SA might refer either to 
Sovetskaya Arkeologiya or Scientific American. The 
in-text abbreviations referring to an issue of 
journal, or series, were replaced, when possible, 
by the editor of that issue. Thus, MKhE, Vyp. 3 
becomes ‘Tolstov and Itina 1960’. However, some 
Russian abbreviations remain unchanged and 
they are reported in the Abbreviations List.

The transliteration system used both in the 
text and in the bibliography is Passport 2003 (see 
the table at right), which simplifies the names and 
terms, and makes them more similar to Western 
standards. For example, the name of orientalist 
В. В. Бартольд is Bartold, and not Barthold, 
Barthol’d, or Bartol’d; the culture of Кельтеминар 
is Kelteminar, and not Kel’teminar, etc. This 
system considers ‘Ж’ as ‘J’, thus Таджикистан is 
Tadjikistan, and not Tadzhikistan or Tadžikistan; 
archaeologist Т. А. Жданко is Jdanko, and not 
Zhdanko or Ždanko; the site of Джейтун is Jeitun, 
and not Dzheitun or Džeytun, etc.

Place names, archaeological sites, rivers, 
etc, were always transliterated according to the 
original edition. Thus, Амударья is Amudarya, 
and not Amu Darya, Amu-Darya, or Amu-darya; 
Каракум is Karakum, and not Kara Kum, Kara-
Kum, or Kara-kum, etc.

Cyrillic Passport  2003

А, а A, a
Б, б B, b
В, в V, v
Г, г G, g
Д, д D, d
Е, е E, e
Ё, ё E, e

Ж, ж J, j

З, з Z, z

И, и I, i

Й, й Y, y

К, к K, k

Л, л L, l

М, м M, m
Н, н N, n
О, о O, o
П, п P, p
Р, р R, r
С, с S, s
Т, т T, t
У, у U u
Ф, ф F, f
Х, х Kh, kh
Ц, ц Ts, ts
Ч, ч Ch, ch

Ш, ш Sh, sh
Щ, щ Shch, shch
Ъ, ъ -
Ы, ы Y
Ь, ь -
Э, э E

Ю, ю Yu
Я, я Ya
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I: Central Asian Archaeology:  
The Russian and Soviet Times

Pavel M. Dolukhanov

A huge, isolated, landmass in the midst of Eurasia, 
formerly known as Soviet Central Asia, became 
a pawn in the global power struggle between 
the Russian and British empires. Contrary to 
expectations, backward Russia got an upper hand, 
gradually encroaching into the Transoxian sands 
and establishing its control over Tashkent (1865), 
Samarkand (1868) and Turkmenistan (1880s) 
with the Afghan quagmire and the Persian 
despotism forming natural borders. By the end 
of the 19th century this entire area became a 
Russian colony, with only Khiva and Bukhara 
retaining a status of formal protectorates. This 
conquest occurred relatively peacefully, with little 
or no open resistance. The Russian colonial rule 
was rather mild. Preoccupied with maintaining 
‘peace and order, Russian colonial authorities 
tried to avoid disturbing the traditional way of life 
and local social networks.

While sharing many common features with 
the European colonization elsewhere in the 
world, the Russian conquest of Central Asia 
had several important distinctions. Unlike other 
colonial powers, Russia had a stretched and 
easily penetrable common frontier with its new 
acquisitions. This facilitated a large scale influx 
of immigrants which included both peasant folk 
and skilled workforce from the intelligentsia 
of Russia’s cultural heartlands. The centuries 
of cultural isolation were rapidly overcome. 
In 1888 the Trans-Siberian railroad reached 
Samarkand and by 1905 the Russian railway 
network reached the Caspian Sea. New European 
suburbs with Russian educational institutions 
cropped up some distance from the earlier walled 
cities. These new urban centers harbored Russian 
language educational institutions in which the 
curricula from the outset envisaged training 
the local elite. The Russian educated diaspora 

included students of local histories, literature 
and arts.

The middle and late 19th century was marked 
by outstanding archaeological discoveries at 
Central Asia’s doorstep, notably in Iran and 
Mesopotamia. Not surprisingly, soon after the 
Russian conquest, the first non-professional 
archaeological digs were reported from that area. 
Archaeological excavations started already in 
1867, when P. I. Lerkh studied the site of Djankent 
in the Lower Syrdarya (Kohl 1984). Afrasiab (the 
Old Samarkand) was unsystematically excavated 
by Russian army officers in the 1860s. Its studies 
were resumed under more competent direction of 
N. I. Veselovskiy in 1875. The ancient city of Merv 
was later explored by V. A. Jukovskiy in 1890.

Concerning the work carried out in Afrasiab, 
ancient Samarkand, Frantz Grenet kindly com-
mented as follows about the first Russians 
exploration after the conquest in 1868:

“N. I. Veselovskiy, at that time the leading 
specialist in Scythian archaeology, excavated 
Afrasiab more or less like a kurgan, digging 
deep pits at irregular intervals, with very little 
results. Between 1904 and 1932, large-scale 
excavation were resumed by V. L. Vyatkin, 
Director of the Samarkand Museum. He used 
a non-destructive approach, mainly searching 
and following the massive earthen walls. Using 
also his excellent knowledge of Arabic and 
Persian records he was able to establish the 
main features of the pre-Mongol city such as 
the concentric city walls, the water channels 
and the pools, the citadel, and the Friday 
Mosque. But, having no notion of stratigraphy 
nor of Achaemenid and Greek pottery, he did 
not recognize the most ancient levels and dated 
the first phase of the site to the first centuries 
CE, erroneously rejecting its identity with 



2 Ancient Irrigation Systems

Maracanda (the ancient name of Samarkand) 
mentioned by the historians of Alexander. He 
published very little. The true chronological 
and topographical sequence of Afrasiab was 
established in 1945–48 by A. I. Terenojkin 
and then by G. V. Shishkina in the 1960–70s”.
At the same time General A. V. Komarov, 

hoping to recover the remains of Alexander 
the Great, opened up trenches on the northern 
mound of Anau, the site that played a key role 
in uncovering Central Asian prehistory (Kohl 
1987). Likewise in other European countries, 
19th century archaeology was largely dictated 
by the agenda of antiquarians. Significantly, the 
first museum was established in Samarkand in 
the 1870s.

Very soon the antiquities of Central Asia 
attracted Western archaeologists. In 1904 an 
international team directed by the American R. 
Pumpelly, a geologist with vast experience in 
explorations of Asia, including Siberia, China 
and Mongolia, started digging the mounds of 
Anau, 12 km east of Ashkhabad (Pumpelly 
1908). Although later criticized for small-size 
exposures and poor recording techniques, these 
excavations established the first recognizable 
cultural sequence, extending from the Eneolithic 
(northern mound), through the Bronze and Iron 
Ages (southern mound) and into historic times 
(city of Anau).

The new stage in the studies of Central Asian 
prehistory focused on the establishment of Soviet 
rule in the early 1920s. Soviet policy on ‘national 
republics’ vacillated between encouragement 
of national cultures loyal to proletarian inter-
nationalism and ruthless uprooting of the drive for 
independence branded as bourgeois nationalism. 
This took the form of establish ing Academies of 
Sciences with numerous research institutes and 
laboratories in each Soviet Socialist republic 
(Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan 
and Uzbekistan). As a rule, these academies 
included either institutes of archaeology or 
departments of archaeology within the institutes 
of history. In many cases, and particularly in 
the republics of Central Asia, archaeological 

institutions were initially manned by Russian 
archaeologists, mostly from Moscow or Leningrad. 
But eventually they were replaced by national 
cadres, who were trained either in the local or 
Russian universities. In those years archaeological 
investigations in Central Asia were conducted 
by prominent Russian and local academics, 
including A. M. Belenitskiy, A. N. Bernshtam, Ya. 
G. Gulyamov, G. F. Debets, M. M. Dyakonov, B. 
A.  Kuftin, M. E.  Masson, A. P. Okladnikov, A. I. 
Terenojkin, A. Yu. Yakubovskiy among others. 
These scholars left a legacy in the form of local 
archaeological schools, which to this day form the 
backbone of Central Asian archaeology.

Centrally-funded scholarly institutions began 
to appear as early as the 1920s. Aimed at 
promoting national cultures in the spirit of 
proletarian internationalism these institutions 
sponsored archaeological field projects. In those 
years the Turkmenkult (Institute of Turkmenian 
Culture, which organized many archaeological 
expedi tions in Southern Turkmenistan and along 
the Amudarya between the 1929 and World War 
II), financed excavations of prehistoric sites in the 
Merv Oasis and along the Tedjen and Murgab 
rivers. Significantly B. B. Piotrovskiy, who later 
became famous for his discovery of Urartian sites 
in the Caucasus, started there his archaeological 
career. At the same time, D. D. Bukinich, an 
irrigation engineer, began digging Namazga-depe, 
the site he had discovered in 1916.

1937 the year associated in the collective 
memory of Russians as a synonym of the 
Great Terror, was a milestone in Central Asian 
archaeology. During that year the Khorezmian 
Archaeological Ethnographic Expedition was 
set up under the aegis of the Soviet Academy 
of Sciences. Under the efficient and competent 
directorship of S. P. Tolstov, this institution 
pioneered numerous novel field techniques, 
advanced even by today’s standards. They in -
cluded settlement pattern studies, aerial photo 
reconnaissance and the use of mechanized 
digging equipment. Using these techniques the 
expedition conducted large-scale surveys and 
minutely recorded excavations of numerous sites 
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in hitherto virtually unexplored areas of Central 
Asian mesopotamia.

At that time, the first Old Stone Age sites 
were discovered in Central Asia. One of the most 
outstanding discoveries was the Neanderthal 
burial at Teshik-Tash rock shelter in Southern 
Uzbekistan, made by A. P. Okladnikov in 1938 
(Okladnikov 1949). This burial remains the 
focus of scholarly interest to this day (Krause et 
al. 2007).

In 1946 the Southern Turkmenistan Complex 
Archaeological Expedition, better known by the 
acronym YuTAKE (Yujno-Turkmenistanskoy 
Arkheologicheskoy Komplesnoy Ekspeditsii) 
was organized under the leadership of M. E. 
Masson. The YuTAKE became especially active 
in 1952–1962 with large-scale excavations of 
settlements on the Northern Kopetdag piedmont 
and the Merv Oasis. These excavations included 
Djeytun – the earliest agricultural settlement 
northwest of Ashkhabad, and Namazga-Depe – the 
largest tell-site in that area, and several others. In 
1965 the YuTAKE, jointly with the Leningrad (St. 
Petersburg) Institute of Archaeology under the 
directorship of V. M. Masson initiated detailed 
explorations of Altyn-Depe. At about the same 
time large-scale excavations were undertaken 
in the Geoksyur Oasis in the Tedjen Delta by 
I. N. Khlopin and V. I. Sarianidi, respectively. 
These studies, in which Tashkent University also 
participated, continued until 1993. In the early 
1990s a large multidisciplinary project with the 
participation of the Institute of Archaeology of 
the University College of London – UCL, was 
conducted at Djeytun sites (Harris, Gosden and 
Charkes 1996). These studies shed a new light 
on the early development of agricultural systems 
and the emergence of an urban-type culture in 
that area. They also resulted in the revision of the 
older Pumpelly system and the establishment of a 
new cultural sequence for Eneolithic, and Bronze 
Ages (Namazga I–VI; Kuftin 1956; Masson 1966, 
1971, 1981, 1988).

Multidisciplinary investigations in the Central 
Asian mesopotamia conducted in the 1930s and 
1940s by the Khorezm Expedition under S. P. 

Tolstov brought to light a panoply of Neolithic 
and Bronze Age sites, on the basis of which 
several archaeological cultures, including the 
Kelteminar, were identified. Later on, they 
became the object of specific multidisciplinary 
projects (Vinogradov 1968, 1981; Vinogradov 
and Mamedov 1975).

Following the early lead of Russian pre-
revolutionary Orientalists, Soviet archaeologists 
attached paramount importance to studies of 
early irrigation systems. This had both practical 
and ideological underpinnings. Situated in the 
area of an extremely arid climate (with less 
than 300 mm of annual rainfall), agriculture in 
Central Asia always was and still is dependent on 
irrigation and hence remained largely restricted 
to river valleys and oases. In Soviet times, Central 
Asia became the principal producer of cotton in 
the USSR which necessitated the expansion of 
arable land and additional irrigation. Hence the 
interest in related research and developments. 
Several scientific institutions were established 
in national Academies of Sciences aimed at the 
studies of water resource management. At least 
theoretically, this kind of research was linked 
with historical and ethnographic studies, aimed 
at elucidating the historical experience of Central 
Asian nations in that area. Yet as often happens, 
the historical experience was usually ignored by 
political decision makers. Large-scale irrigation 
development in the Lower Amudarya Delta was 
conducted, notwithstanding the historical expert 
opinion, and eventually wound up in the Aral Sea 
ecological catastrophe.

The ideological raison d’être of irrigation 
related studies resided in the concept of ‘Asian 
Mode of Production’. This concept was briefly 
outlined by K. H. Marx and F. Engels in their 
paper British Rule in India (1853) and much later 
was (revised) by K. A. Wittfogel in the form of a 
‘hydraulic civilization’ theory (Wittfogel 1957). 
According to the original Marxist concept, 
the ‘Asian Mode of Production’ was based on 
irrigation and featured a self-sufficient economy; 
limited degree of labor division; limited private 
ownership of production means; underdeveloped 
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trade; patriarchal-type slavery; monarchical 
despotism as the predominant political system. 
The applicability of this concept to the Central 
Asian historical realities was a matter of prolonged 
discussion amongst Soviet historians in the 1950s 
and 1960s, in the course of which conflicting 
opinions were advanced but no consensus was 
reached.

In the 1920s D. D. Bukinich noted that early 
agri cultural settlements on the Northern Kopetdag 
piedmont strip were located either on the upper 
portions of alluvial fans of small streams or along 
the flood plains of the larger rivers. As D. D. 
Bukinich further noted, these locations were 
highly favorable for primitive forms of irrigation 
consisting in small earthen walls along borders 
of plots, facilitating the collection and storing of 
flood water (Bukinich 1924:113). Much larger-
scale investigations of ancient irrigation systems 
followed in 1934, when a special project was 
carried out in order to study the pre-Mongol 
irrigation network in the cities of Khorezm 
(Voevodskiy 1938).

Since its creation in 1937 the Khorezmian 
Expedition had initiated several major projects for 
the study of early irrigation systems in the lower 
Amudarya catchment basin. The early stages of 
these investigations were summarized by Ya. G. 
Gulyamov (1957) and S. P. Tolstov (1958).

A new stage in the investigations of Central 
Asian early irrigation was undertaken by Boris 
Vasilevich Andrianov (1919–1993). Born in 
Moscow, into an artist family, B. V. Andrianov 
studied at the Department of Geography at 
Moscow University, where he graduated in 
1944. After 1945, his career became inextricably 
linked with the Institute of Ethnography of the 
Russian Academy of Sciences and especially 
with the Khorezm Expedition. Becoming a 
professional geographer, B. V. Andrianov headed 
an archaeological survey branch, which included 
the processing of aerial photo imagery. In the late 
1940s he conducted ethno-geographical studies 
in the Aral Sea area, which resulted in his Ph.D. 
dissertation, Etnicheskaya territoriya karakalpakov v 
severnom Khorezme XXVIII–XIX vv (The Karakalpak 

ethnic territory in Northern Khorezmia in the 
18th–19th centuries; see Andrianov 1951). 
Since 1952, Andrianov directed his principal 
multidisciplinary projects targeted at ancient 
irrigation systems in the Lower Amudarya and 
Aral Sea area. The years of laborious, minute 
investigations, resulted in 1969 with his seminal 
book Drevnie orositelnye sistemy priaralya (Ancient 
Irrigation Systems of the Aral Sea Area) of which 
an English translation has now became available.

In the 1970s a similar technique which 
included the processing of aerial imagery was 
applied by G. N. Lisitsyna in the Geoksyur Oasis 
on the lower reaches of the Tedjen Basin (Lisitsyna 
1978). She concluded that, in the Late Eneolithic, 
the irrigation system consisted of three parallel 
canals, drawing water from one of the principal 
delta branches. A network of minor ditches (aryks) 
branched from each canal.

One of the notable advantages of archae-
ological studies of the Soviet period was their 
multidisciplinary character, with the active 
participation of paleoenvironmentalists, such as 
I. P. Gerasimov, A. S. Kes, E. D. Mamedov, G. N. 
Lisitsyna, and many others. These writers’studies 
have revealed prolonged periods of increased 
humidity, roughly dated to 8–4 ka BP. During 
that period perennial fresh-water lakes developed 
in the present day waterless Karakum desert 
(Vinogradov and Mamedov 1975). The Amudarya 
(Oxus) River emptied into the Sarykamysh 
depression south of the Aral Sea. Its huge delta 
with numerous prehistoric sites now lies east of 
this depression. From there the Uzboy River, with 
its long, sinuous valley, carried the river water 
further west, into the Caspian Sea. According to 
more recent estimates, at that time the Aral Sea 
level stood approximately 100 m asl whereas its 
present position is 66 m asl (Trofimov 1986).

The spread of agriculture in Europe and 
Western Asia may be statistically approximated 
as a gradual expansion from the Levantine center, 
either enhanced or slowed by environmental 
factors which created bottlenecks. The earliest 
signs of agriculture in the Kopetdag piedmont 
(Sang-i Chakhmak) suggest an age of 7000–6400 
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cal BC, with 14C dates for early agricultural 
Djeytun site being 6200–5800 cal BC (Harris, 
Godsen, and Charkes 1996).  Significantly, a 
network of culturally related pottery-bearing 
foraging sites arose along the waterways further 
north (Vinogradov 1981). The stratum with early 
pottery was dated to the  Jebel Cave (Turkmenistan) 
to 5300–4800 cal BC. Radiocarbon dates of 
early pottery sites in the Lower Volga and North 
Caspian Lowland suggest an older age of 8000– 
6500 cal BC (Vybornov 2008).

A new perspective opens up with the identi-
fication of a cool and dry 8.2 ka BP event 
(6400–6000 BCE), which is observed in a large 
number of high-resolution climate proxies in 
the Northern Hemisphere, including Western 
Asia (Weninger 2006). This event might have 
triggered, on one hand, a necessity for an artificial 
regulation of water supply in the form of primitive 
irrigation schemes and on the other an outflow 
of surplus population from early farming areas. 
The expanding population merged with hunter-
gatherers further north and transmitted to 
them traditions of pottery-making. This process 
encompassed the entire semi-desert and steppe 
areas during the subsequent Altithermal period.

The last remark concerns the general context 
in which Soviet era archaeological research in 
Central Asia was carried out. As one might judge 
from Andrianov’s book, Soviet research at that 
time involved considerable capital investments 
on the part of state funding bodies. Andrianov 
and his associates used aircrafts on a regular 
basis with expensive aerial photo-equipment and 
required no less expensive professional aerial-
imagery processing. And this was not an isolated 
case in what Leo S. Kleyn later referred to as the 
‘Phenomenon of Soviet Archaeology’. Yet this 
went together with appalling working conditions. 
I clearly remember our expedition vehicles, 
ill-fitted for the desert; they were eventually 
painted dark green. These former army personnel 
carriers from Central Russia were devoid of any 
kind of weather protection and with sunrise 
turned into torture chambers. Often with scarce 
water and food supplies, baked during the day, 
frozen during the night, and usually poorly 
paid, these people achieved outstanding results 
which, to this day, remain the pride of world 
archaeology. It is no surprise that many of them 
died prematurely young. Please remember that 
when reading this book.
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II: Boris Vasilevich Andrianov and  
the Study of Irrigation in Ancient Khorezm

Sergey B. Bolelov

Once led Boris Vasilevich Andrianov 
In the desert the topographical team …

– (from a song of the Expedition)

The Khorezm Archaeological-Ethnographic 
Expedition has a special place in Soviet and 
Russian humanities. It was set up by the out-
standing historian, orientalist, ethnographer 
and archaeologist Sergey Pavlovich Tolstov in 
1937. In its first years, the primary goal was to 
discover and map the archaeological sites in 
the Southern Aral region which had not been 
investigated before, either archaeologically or 
anthropologically. Its exploration tracks included 
the entire region of desert lands once covered 
by the irrigation systems of ancient Khorezm, 
on the lower reaches of the Amudarya. The first 
archaeological map of this historical and cultural 
area was created, and the results of this work 
were published in 1948 by S. P. Tolstov in his 
Drevniy Khorezm (Ancient Khorezm).

In postwar years the work of the Khorezm 
Expedition began within a new methodological 
framework, and the research involved not only 
the Amudarya Delta, but also the Lower Syrdarya 
(east of the Caspian Sea), the Ustyurt plateau 
and the central regions of the Karakum and 
Kyzylkum deserts. The expedition was organized 
for archaeological and ethnographic work, and 
it quickly became one of the largest and best-
equipped scientific expeditions of the former 
Soviet Union.

S. P. Tolstov was always convinced of the 
value of a multidisciplinary approach, and was 
therefore an adherent of complex research 
methods. That is why, in addition to archaeologists 
and ethnographers, specialists such as geologists, 
geomorphologists, pedologists, geographers, 
and physical anthropologists worked with the 
expedition. Airborne research on the large scale 

used here was a first attempt in world archaeology. 
The entire Southern and Southeastern Aral 
Sea region was covered by aerial survey, which 
produced an archaeological-geomorphological 
map of the lower reaches of the Amudarya and 
Syrdarya rivers.

All this work was done by S. P. Tolstov’s team 
of associates that was formed during the years of 
research. A special place among his pupils belongs 
to Boris Vasilevich Andrianov. B. V. Andrianov 
took part in the expedition for the first time in 
1946 as a geographer and cartographer, and from 
then on, all his life and scientific activity were 
closely connected with the Khorezm Expedition 
and the Southern Aral Sea region.

Throughout the work of the scholars, all past 
human activities were studied by the Khorezm 
Expedition in relation to the water flow of the 
Amudarya and Syrdarya rivers and the artificial 
irrigation network derived from them. As Egypt 
has always been considered a ‘gift of the Nile’, it is 
possible to call Khorezm a ‘gift of the Amudarya’. 
For that reason, the history of ancient irrigation 
drew S. P. Tolstov’s attention right from the start of 
the project. As early as the postwar years it became 
one of the priority research topics which for a 
long time defined the direction of research. Thus, 
in 1952, an archaeological-topographical team 
headed by B. V. Andrianov was created within 
the KhAEE, with the aim to study the ancient 
irrigation systems around the Southern Aral Sea.

In spite of the great importance of his 
work and results, B. V. Andrianov was not the 
first to study ancient Central Asian irrigation. 
In fact, several Russian scientists had already 
dealt with that subject, as witnessed by K istorii 
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orosheniya turkestana (On the history of irrigation 
in Turkestan), a special section within V. V. 
Bartold’s main work (Bartold 1965:95–233); the 
works by D. D. Bukinich, primarily those on the 
irrigation in Afghanistan reported as a chapter in 
the book Zemledelcheskiy Afganistan (Agricultural 
Afghanistan) written with N. I. Vavilov (see Vavilov 
and Bukinich 1929); B. A. Latynin’s research on 
the history of irrigation in the Fergana Valley 
(Latynin 1956, 1957); and many other works that 
covered to some extent the irrigation of various 
historical and cultural regions in antiquity.

The beginnings of research on the ancient 
irrigation systems in Khorezm date back to 1934, 
when M. V. Voevodskiy surveyed the ancient 
irrigated land in the dry delta channels of the 
Daudan and Daryalyk on the left bank of the 
Amudarya (Voevodskiy 1938). This work was 
continued by the Uzbek scholar Ya. G. Gulyamov 
who joined the expedition in Khorezm and 
studied both the ancient and the modern irrigation 
systems of Southern Khorezm and the left bank of 
the Amudarya. The results of Ya. G. Gulyamov’s 
research were published in 1957 in the book 
Istoriya orosheniya khorezma s drevneyshikh vremen do 
nashik dney (History of the irrigation in Khorezm 
from its ancient period to present day). All the 
above mentioned works formed the basis on 
which the studies of the ancient irrigation systems 
of the Southern Aral Sea region were developed.

The beginning of work of the archaeological-
topographical team of the Khorezm Expedition 
under B. V. Andrianov mark a new age in the 
study of the history of ancient irrigation not only 
in Khorezm, but in the whole of Central Asia, and 
since then the history of irrigation has become an 
independent direction of research in historical 
and archaeological projects.

The study of ancient irrigated lands of 
Khorezm represented a unique phenomenon 
in the 1940s to 1960s. The desert fostered 
the excellent preservation of archaeological 
monuments which had not yet lost their original 
form. Extending over a huge area, the remains of 
ancient irrigation, the ruins of fortified sites and 
open settlements of various periods represent 

evidence of early settled farmers in that region. 
The work of the archaeological-topographical 
team focused on the ancient irrigated lands of 
the Aral Sea region with an area of 4.5 million 
ha, from the Sarykamysh Lake and the Ustyurt 
plateau to the Middle Syrdarya. Investigations 
covered the ancient irrigated lands of Khorezm on 
the right bank of the Amudarya (about 2,000 poisk 
surveyed), the Sarykamysh Delta on the left bank 
of the Amudarya (about 1,000 poisk surveyed), and 
the enormous area of the Lower Syrdarya. During 
this work, thousands of settlement sites and the 
remains of channels and other water works were 
surveyed and mapped by B. V. Andrianov and 
his team. Overall it represented a new approach 
and new methods aimed at reconstructing 
ancient agricultural settlements and the cultural 
landscape: “the complex investigation of cultivated 
landscapes requires an interdisciplinary approach 
employing natural-scientific, geographic, and 
humanities disciplines” (Andrianov 1969:16). 
From the very beginning, the archaeological-
topographical team worked in close cooperation 
with paleogeographers, geomorphologists, and 
pedologists. In addition, and perhaps for the 
first time in Central Asian archaeology, the 
reconstruction of ancient cultural landscapes 
was based on a wide use of aerial photography 
which was also applied for identifying large and 
small irrigation systems in neighboring regions 
(the Babish-Mulla Oasis in the Syrdarya Delta 
and the system of ancient irrigation around the 
ancient settlement of Kalalygyr-kala I). During 
this work the method of decoding aerial photos 
of desert landscapes was developed to detect 
features of various kinds of irrigation systems 
and underground constructions. Further trace 
correlations detected on air photos with evidence 
found during linear survey work made it possible to 
reconstruct to a large extent the ancient irrigation 
systems and the landscape transformations which 
occurred in the Southern Aral Sea region over 
several millennia, from the Bronze Age up to the 
Late Middle Age (19th century).

It should be emphasized that the irrigation 
systems were not considered a separate 
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phenomenon, but a part of the region during a 
specific historical period. B. V. Andrianov was 
able to identify some features of ancient irrigation 
which were typical of certain neighboring regions 
and differed according to geographical and 
environmental conditions. All these data were 
the basis for the reconstruction of paleoeconomic 
systems of various neighboring communities in 
the Aral Sea region.

Being a convinced adherent of the inter-
disciplinary approach to the study of the past, B. V. 
Andrianov never limited himself to the analysis of 
ancient irrigation works. During the many years of 
the expedition, hundreds of known archaeological 
sites were surveyed, and artifacts characterizing 
the Khorezmian material culture from the 
Neolithic to the Late Middle Ages were collected. 
Some new archaeological monuments were found, 

such as the Bronze Age burial at Kokcha 3; the 
Late Archaic settlement of Dingildje; the oasis 
of Nurum-depe in the Sarykamysh Delta dated 
to the Antique period, and many others which 
have become fundamental for the chronological 
standardization of certain historical periods of 
Khorezm.

In conclusion, it is difficult to overestimate B. 
V. Andrianov’s contribution to the study of Ancient 
and Medieval history of the Aral Sea region and, 
without doubt, he can be considered the founder 
of the branch of Central Asian archaeology 
devoted to the study of ancient irrigation. Without 
his conclusions and the basic theoretical positions 
he formulated, the study of ancient history as 
well as the history of material culture, not only of 
Khorezm, but of all of Central Asia, would have 
been impossible.
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IV: The Karakalpak-Australian Expedition in Khorezm 
50 Years after B. V. Andrianov

Alison Betts and Vadim N. Yagodin

B. V. Andrianov and the Tash-Kyrman Oasis 
The history of Central Asia is written in the lines 
of its irrigation canals. In prehistoric times these 
followed the channels of the ancient river systems, 
meandering through the landscape, bringing new 
life to long abandoned desert. Later, they became 
more formalized, cut according to planned routes 
to feed the fields that supported towns and cities. 
In many parts of the region, these systems have 
long disappeared under more extensive modern 
ones and can no longer be reconstructed. This 
is still possible in places where the rivers have 
changed their course and left the canals dry in 
the desert, or where political events have caused 
wide scale abandonment of formerly productive 
arable land. One of the latter, and also one of the 
most important areas for study of ancient Central 
Asian irrigation systems, is Khorezm, the delta of 
the Amudarya River.

Khorezm is a land of contrasts. Today, con-
tained largely within modern Karakalpakstan, 
it is a green oasis of irrigated fields planted with 
sorghum, millet, melons and, above all, cotton. 
Surrounding the oasis on all sides lie the arid 
sands of the Kyzylkum, Karakum, and Aralo-
Caspian deserts, with only the thin line of the 
river linking the delta to the outside world. But 
this life supporting greenery only dates back to 
the first half of the 20th century when scientific 
explorations brought the potential of the region to 
the attention of Soviet planners in Moscow. As the 
first explorers travelled with great hardship across 
the sandy wastelands south of the Aral Sea, they 
were amazed to find the walls of ancient fortresses 
rising up everywhere above the desert. It was clear 
that this land had once been rich and prosperous, 
and therefore could be made so again.

The very first exploration of Khorezm was 
begun by A. Yu. Yakubovskiy (1928–1929) and 

M. V. Voevodskiy (1934). These early visits were 
shortly followed by the establishment of the 
Khorezm Archaeological-Ethnographic Expedition 
of the USSR Academy of Sciences, organized in 
collaboration with several other central and local 
scientific research institutions. The KhAEE, led 
by the outstanding archeologist and ethnographer 
S. P Tolstov, began work in 1937, and was one 
of the most significant of a number of  large 
archaeological expeditions to various districts 
of Central Asia launched in the mid-1930s (see 
especially Tolstov 1948a–b, 1962). When S. P. 
Tolstov began his research in the lower reaches 
of the Amudarya, the land was untouched by 
modern civilization. He noted that it seemed as 
if a malicious spirit had turned the land to dust, 
leaving only empty walls, dry canals and barren 
fields. In the shimmering hot desert air the ruins 
of ancient cities appeared like mirages on the 
horizon. Lines of ancient canals stretched for many 
kilometers, surrounded by innumerable ruins of 
ancient settlements, and on the cracked dry surface 
of the takyr mudflats the outlines of ancient fields, 
gardens and vineyards could be clearly seen.

Deeply moved by this magnificent dead land, 
S. P. Tolstov was reminded of the romantic fairy 
tale of S. Perro about the sleeping princess in the 
country where time had stood still, awaiting the 
return of the handsome prince to kiss the princess 
and bring the kingdom back to life. S. P. Tolstov 
himself took on the role of the prince, together 
with his colleagues and students. One of these 
was Boris Vasilevich Andrianov, who for many 
years traversed the harsh, arid landscape, steadily 
mapping ancient cities, settlements, primary 
irrigation canals and small distribution canals, 
fossil field systems and gardens, thus providing 
a basis for the systematic study of the ancient 
civilizations that once thrived there.
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S. P. Tolstov and his team were the first to 
create accurate plans of the ancient irrigation 
systems in the lower reaches of the Amudarya. 
Over almost half a decade of study the members 
of the KhAEE identified and plotted the main 
canals constructed on the right bank of the river 
in the Antique and Middle Ages. On the basis of 
this work they came to the important conclusion 
that the modern system of principal canals on 
the right bank coincides almost completely 
with the Antique and Medieval systems (Tolstov 
1948a:43–47; Andrianov 1969:99). This research 
into the ancient irrigation systems of the right 
bank of the river made it possible to study the 
wider problem of the ancient and Medieval 
irrigation systems of Southern Aral as a whole. Its 
implementation required the ability to work at an 
interdisciplinary level. B. V. Andrianov combined 
the skills of topography, geography, ethnography, 
and archaeology. He became head of a specially 
created unit within the KhAEE of Academy 
of Sciences of the USSR. His archaeological-
topographical group had the task of mapping and 
documenting all the regions in the lower reaches 
of the Amudarya not yet affected by modern 
civilization, places on the right bank of the river 
where the desert still preserved intact all the 
ancient infrastructure.

Research into the problems of the history 
of irrigation from a geographical perspective 
permitted S. P. Tolstov, and after him B. V. 
Andrianov, to establish that at the end of the Bronze 
Age a branch of the Amudarya flowed towards 
the Sarykamysh depression, causing the ancient 
delta branches of the Akchadarya to dry out (Itina 
1963:128; Andrianov 1966:111). The inhabitants 
of the land at the time deepened and cleaned these 
old river channels, effectively creating artificial 
canals to lead water to their small settlements and 
simple fields. In the beginning the canals were 
modest in scale, but by the end of the Bronze 
Age, at the time of the so-called Amirabad culture, 
some already stretched for several kilometers in 
length. With its incorporation into the world of the 
Achaemenids around the 7th century BCE (Briant 
2002), Khorezm acquired new and advanced 

technologies: the potter’s wheel, monumental 
architecture, and also techniques for designing 
and engineering large irrigation systems. This 
enabled the full development of Khorezm as 
a complex agrarian civilization. Based on the 
material presented by B. V. Andrianov in his book, 
it is possible to say without exaggeration that the 
main system of Khorezmian canalization on the 
right bank of the river was created in Achaemenid 
times and has existed with certain changes and 
technical improvements up to the present.

The research of B. V. Andrianov was con-
ducted at a level that was advanced for the 
time, using both state sponsored air photographs 
and aerial photography commissioned by the 
expedition, in conjunction with ground survey. 
This work, carried out when a considerable 
part of the territory of ancient Khorezm was 
desert where all the ancient systems were still 
preserved, permitted B. V. Andrianov to achieve 
a very extensive level of reconstruction for 
almost the whole system of primary canals in 
ancient and Medieval Khorezm. Andrianov’s 
scientific documentation of the Ancient and 
Medieval irrigation network and associated agro-
irrigation infrastructure is extremely important 
and timely. In the 1960s and 1970s the lands 
once under ancient irrigation systems in the south 
of the Republic of Karakalpakstan, where the 
main centers of early civilization appeared and 
where tens of kilometers of ancient canals were 
recorded, were placed under modern irrigation 
agriculture and densely occupied. In the course 
of this development many of the most valuable 
archaeological features have been lost, among 
them all traces of the ancient canal and agro-
irrigation systems. Now only B. V. Andrianov’s 
work preserves this extraordinary record for 
scientific study.

After the disintegration of the Soviet Union 
and the establishment of independent states 
in Central Asia, the role of scientific study of 
the archaeology of ancient Khorezm passed 
to the Institute of History, Archeology and 
Ethnography (IHAE) of the Karakalpak branch of 
the Academy of Sciences of Uzbekistan. In 1995, 
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the establishment of the Karakalpak-Australian 
Archaeological Expedition (KAAE) saw the start 
of a new chapter in the story of Khorezmian 
exploration as a collaboration between the 
University of Sydney and the IHAE. The aim of the 
Expedition was to follow on from the earlier work 
of S. P. Tolstov and his team through investigation 
of the last remaining unstudied oasis in the 
southern delta region, that of Tash-Kyrman. Full 
interpretation of the archaeological record at the 
key sites in the oasis would be impossible without 
the valuable record left by B. V. Andrianov. His 
work in Tash-Kyrman Oasis is especially detailed, 
and much of the evidence on which his data was 
based has now disappeared. The KAAE has been 
working at two key sites: Tash-Kyrman-tepe and 
Akchakhan-kala (Kazakly-Yatkan; see Helms and 
Yagodin 1997; Helms et al. 2001, 2002; Betts 
et al. 2009). Tash-Kyrman-tepe was believed by 
B. V. Andrianov to be a fortified manor, but has 
now been shown to be a ritual center associated 
with the veneration of fire. The massive spread 
of the fortress of Kazakly-Yatkan makes it a likely 
contender for a regional capital founded around 
the 2nd century BCE and lasting up into the 1st 
or early 2nd century CE.

No site in ancient Central Asia could function 
without its agricultural hinterland, and control 
of food production was central to the success 
of the oasis states of Khorezm. Through the 
vision of S. P. Tolstov and the extensive work of 
B. V. Andrianov it is possible to reconstruct in 
large part an archaeological map of the ancient 
irrigation systems, with their farmsteads and 
fields, and so to understand in considerable depth 
the economic and environmental influences that 
shaped the history of the Tash-Kyrman Oasis and 
the surrounding lands of ancient Khorezm. There 
is no doubt that archaeologists working today, 
with modern methodologies, access to satellite 
imagery and all the tools of the 21st century, owe 
a very great debt to the pioneers who trekked 
across the desert in the early 20th century and 
recorded so much invaluable data, now long lost 
to us today.
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V: Memories of Boris Vasilevich Andrianov

Zamira S. Galieva

One of the most important periods of my life and 
my career is connected with Boris V. Andrianov. 
In the 1970s and 1980s, the scholars dealing 
with historical landscapes and in the development 
of monitoring and mapping the archaeological 
monuments of Central Asia were compelled to 
use materials that had high visibility and spatial 
information. However, topographical maps were 
quite inaccessible for Soviet archeologists because 
they were classified, and when it was possible to 
access aerial photos, there was the problem of 
their decoding.

At that time, in our vast country, the methods 
of aerial archeology were widely used only 
within the Khorezm Archeological-Ethnographic 
Expedition of the Institute of Ethnography of 
the USSR Academy of Sciences. In 1982, the 
Institute of Archaeology of the Uzbek SSR 
Academy of Sciences sent me to Moscow in order 
to gain a doctorate in History. It was to be with 
the Khorezm Expedition with Boris Vasilevich 
Andrianov as personal supervisor. For the younger 
generation of archaeologists, to which I belong, it 
was considered an honor to study and to work side 
by side with B. V. Andrianov and these legendary 
Khorezmian scholars.

The great prestige of the Khorezmian Expedi-
tion lasted for more than seventy years. The 
important turning period of the expedition was in 
1950s when, after returning from World War II, 
the Khorezmians, unanimous in their enthusiasm 
and led by the founder and head S. P. Tolstov, 
resumed their research (Tolstov 1948:3–4). A 
large-scale multidisciplinary research project 
developed in the wide region comprising the 
lower reaches of the Amudarya and Syrdarya 
and the deserts of Karakum and Kyzylkum. 
One of the main aims of the research was the 
reconstruction of the historical landscapes of 
Khorezm, including the reconnaissance and 
mapping of archaeological sites and ancient water 

systems. The European experience in the use of 
aerial archaeology methods certainly influenced 
S. P. Tolstov to expand and to update his project 
in Khorezm and to extend it along the Lower and 
Middle Syrdarya Basin.

For many years the multidisciplinary project 
in Khorezm was one of the most technically 
advanced expeditions in the former USSR and  it 
introduced aerial methods in complex archae-
ological, paleo  geographical, and cartographical 
research. Several disciplines were combined to 
develop the expedition in Khorezm: planning the 
ground and air routes; carrying out aerial surveys 
of distinct and wide areas; archeological pro-
spection of discovered sites, ancient roads and 
water systems. Laboratory decryption of aerial 
photos, topographical plans of archaeological sites, 
and irrigation systems were performed before the 
beginning of each field season (Tolstov 1962).

The successes in studying the environment of 
settlements and the reconstruction of historical 
landscapes and water supply were owed, in 
many respects, to the work of the archeological-
topographical team headed by B. V. Andrianov 
since 1952. For thirteen years (1952–1964) B. 
V. Andrianov and his associates provided great 
field-work: considerable areas behind the Aral 
Sea were surveyed, 1,650 poisk were surveyed 
including a thorough archaeological description of 
objects and finds (Andrianov, Itina and Kes 1975). 
All hidden traces of the archaeological landscape 
revealed by aerial photographs and map analysis 
were recorded by means of topographical and 
surveying instruments. Researchers managed 
and processed more than ten thousand air photos 
covering 5 million ha of the region, providing 
important data on the history and changes of 
the irrigation systems and settlement patterns 
of ancient Khorezm (Andrianov 1958:311–328; 
Tolstov 1948:37–62; Tolstov and Andrianov 
1957:6–7). B. V. Andrianov generalized the 
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data set of complex archeological-geographical 
research, providing the analysis and tracing the 
general character of irrigation systems of Khorezm 
in each ancient period. He created a method of 
relative dating of watercourses for different times 
and established an outline of the irrigation works 
in the Aral Sea region from the Late Bronze Age up 
to the 19th century CE (Andrianov 1969:30–41).

From the 1980s, B. V. Andrianov seldom went 
in the field and spent more time on his scholarly 
and scientific work. I am personally indebted to 
him for teaching me geography, geomorphology, 
cartography, and methods of decoding aerial 
photos. Thanks to his advice I worked on decoding 
air photos stored in the archives of the Khorezm 
Expedition, a unique material created in 1960 
by N. I. Igonin on the ancient irrigated lands of 
Khorezm on the right bank of the Amudarya and 
the Eastern Aral region (Igonin 1965, 1968).

B. V. Andrianov was an excellent scholar as 
well as a demanding, responsible, and careful 
teacher. All my work regarding literature, reports 
on decoding, results, writing of synopses, and my 
studies at the Geographical Faculty of Moscow 
State University were planned and supervised 
by B. V. Andrianov. Despite his poor health, he 
decided to train me in the interpretation of aerial 
photos in the field. Thus, in the summer of 1983, 

we took part in the expedition of the Institute of 
Archaeology of the Uzbek Academy of Sciences 
which intended to study the ancient settlement 
of Kavardan, in the district of Tashkent, and the 
Medieval farmstead of Shakhdjuvar, in the Tian-
Shan mountains. I will never forget the extreme 
mountain travel conditions at an altitude of 
3,000 m asl, when B. V. Andrianov commented 
on all the unexpected adventures of that journey. 
Although it was my only joint field season with 
Boris Vasilevich, I remember what I learned from 
him, as well as his encyclopedic knowledge, his 
indefatigable diligence and self-control.

Later on, in the 1990s, I tried to improve 
the methods developed by the Khorezm 
Expedition while conducting archeological-
geographical research on the historical landscape 
transformations in the Lower Syrdarya Basin of the 
Eastern Aral region (Galieva 1999, 2002). Seeing 
the rapid development of computer technology 
and the appearance of remarkable topographical 
software, I am often reminded of B. V. Andrianov. 
He had dreamt of such a time. In each of his 
lectures, reports and articles he promoted the 
importance of information obtained by aerial 
photography and the methods used for that. In that 
sense B. V. Andrianov was looking at the future, 
combining a sense for flight and the unknown.
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Along the ancient channel near the ancient settlement site of Kavardan (1983). From left to right: Zamira S. Galieva and her son, 
Kabul A. Alimov (Head of the Kavardan Archaeological Expedition of the Institute of Archeology of the Uzbek Academy of Sciences) 
and Boris V. Andrianov (Doctor in Historical Sciences of the Institute of Ethnography of the Russian Academy of Sciences).
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Shakhdjuvar farmstead in Tian-Shan Mountains (1983). Standing, from left to right: Kabul A. Alimov (Institute  of Archeology of the 
Uzbek Academy of Sciences), Boris V. Andrianov, Mikhail R. Tikhonin (Head of the Shakhdjuvar Archaeological Expedition), Yuri F. 
Buryakov (Doctor in Historical Sciences, Deputy Director for Research of the Institute of Archeology of the Uzbek Academy of Sciences); 
sitting, the local people working with the expedition.
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Boris V. Andrianov and Kabul. A. Alimov on the ancient settlement of Kavardan (1983).
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VI: Irrigation Among the Shaykhs and Kings

C. C. Lamberg-Karlovsky

When you are about to take hold of your field [for cultivation], keep a sharp eye on the opening 
of the dikes, ditches, and mounds [so that] when you flood the field the water will not rise too 
high in it. When you have emptied it of water, watch the fields water-soaked ground that it 
stay virile for you. 

–Sumerian Farmers Almanac, ca. 1600 BCE; S. N. Kramer 1963:340

For the whole land of Babylon like Egypt, is cut across by canals. The greatest of these is 
navigable, it runs where the sun rises in winter, from the Euphrates to another river, the Tigris…

–Herodotus, I, 193; A. D. Godley 1966

Yes, if the kings did not control irrigation, who did?

–J. S. Lansing 1991:4

This is not a technological issue. The technology is easily available. It is a political and 
organizational issue. Water is a social good.

–P. Gleick (on irrigation); in de Villiers 2000:17

….it is better to be head of the water than head of the people

–C. Bichsel 2009:49

Water is essential to sustain life. Its distribution 
ranges from abundance to scarcity. Where 
scarcity prevails, whether as a resource or due to 
the demands of population, irrigation allows for 
increased agricultural productivity. For millennia 
the management of water has been a foundational 
element within human society. Today we are 
informed that water shortages, on a continental 
level, will lead to a crises in sustainability (Solomon 
2010). Water management today, as in the past, 
has been as much an economic reality as a political 
necessity. In this essay I touch upon a variety of 
issues that concern irrigation, its management 
and control. The complex technology of channel, 
dike, dam, sluice, reservoir, and leveling are all 
but ignored.

Many of these issues have been addressed in 
book or monograph length. No pretense is made 
that any topic addressed is comprehensive, yet, 
the hope is that the bibliography may allow one 

to find further readings on the topics addressed.
Vernon Scarborough (2003:11) notes that 

“water management requires cooperation among 
people who might otherwise be in conflict”. 
It is of importance to recognize that an entity, 
whether it be a village, or a network of cities 
and villages that share a single water system 
form an ecological unit that are bound by the 
advantages and necessities of cooperation. While 
the amount of water remains a limiting factor 
with regard to populations inhabiting a specific 
landscape, the availability of water is also a 
function of organizational skills and institutions 
that can mobilize labor, technological innovation, 
and production. Water, specifically its use in 
irrigation offered a directional arrow to the growth 
of civilization. It was not the only factor in the 
evolution of cultural complexity but it facilitated 
transport, trade, colonial settlement, military 
conquests, and most importantly the production 
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of an agricultural surplus, and, its consequence, 
population increase. Water sustains, devastates, 
and purifies. It is the quintessential resource for 
sustaining life and a universal presence in origin 
myths and religious ritual (Frazer 1981:53–56). 
Water, whether in its feeding of agricultural 
fields, conversion to energy, or construction of 
monumental dams has always been a significant 
actor in transformational events in human history. 
The historian of cities, Lewis Mumford (1961:71) 
observed that “the first efficient means of mass 
transport, the waterway” was the “dynamic 
component of the city, without which it could not 
have continued to increase in size and scope and 
productivity. That the first growth of cities should 
have taken place in river valleys is no accident….”.

Years ago Karl Wittfogel (1957) advanced the 
thesis that ‘irrigation civilization’ was character-
ized by a centralized authoritarian administration. 
The construction, management and maintenance 
of irrigation networks, he argued, led to political 
regimes of ‘oriental despotism’. His was a determ-
inistic view for the role of irrigation in stimulating 
both the origin of the state and its despotic rule. His 
experience in a Nazi concentration camp (1933–
1934) led to personal anguish and his hatred of 
totalitarian regimes. He advocated a multilinear 
approach to cultural evolution grounded in 
Marxist frameworks. In his classic work Oriental 
Despotism (1957) he juxtaposed a ‘western’ vs. 
an ‘eastern’ world of political divergence.* The 
former is characterized by industrial capitalism 
in which power and authority was decentralized, 
innovative, and entrepreneurial. The latter is 
characterized by highly centralized autocratic 
sovereigns. Irrigation agriculture allowed these 
‘despots’ to mobilize a large labor force for the 
control and management of irrigation networks. 
Stagnation followed.

Wittfogel did not, in fact, propagate the notion, 
for which he is frequently held accountable, 

namely, that irrigation stimulated the productivity 
of agriculture and totalitarian rule. In his view the 
importance of ‘hydraulic societies’ was not in its 
contribution to agricultural productivity, but in 
its contribution to a ‘revolution in organization’.

In his words (Wittfogel 1957:18): 
If irrigation farming depends on the effective 
handling of a major supply of water, the 
distinctive quality of water – its tendency 
to gather in  bulk – becomes institutionally 
decisive. A large quantity of water can be 
channeled and kept within bounds only by 
the use of mass labor, and this mass labor 
must be coordinated, disciplined and led. Thus 
a number of farmers eager to conquer arid 
lowlands and plains are forced to invoke the 
organizational devices which – on the basis of a 
premachine technology – offer the one chance 
of success; they must work in cooperation with 
their fellows and subordinate to a directing 
authority (emphasis mine). 
Irrigation involves a multiplicity of tasks 

including construction, allocation, maintenance, 
conflict resolution, and the conduct of ritual, all 
invariably connected to aspects involving water 
as a limited resource (Scarborough 2003). The 
importance of irrigation was in its establishment 
of a new system for the organization and control 
of labor. In this vein irrigation is seen as a 
public works program, much as the pyramids 
of Egypt as argued by (Mendelssohn 1986), that 
establishes a new organization and control over an 
institutionalized labor force. Wittfogel maintained 
that the origin of the ‘revolution in organization’ 
was the concentration of power in the hands 
of a single individual whose organization of 
labor allowed for the construction of irrigation 
works, monumental architecture, and a military 
organization. To substantiate such a perspective he 
gathered ethnographic data, rarely archaeological, 
from Asia, Africa and the America’s. Wittfogel’s 

* We note that Boris V. Andrianov (1978) was deeply hostile to Wittfogel’s concept of ‘Hydraulic Society’. He charged 
Wittfogel with the misuse of Marxist terminology, rejected the deterministic singularity of irrigation as ‘cause’, and 
rejected Wittfogel’s notion (promulgated 50 years before Samuel Huntington’s 1996 Clash of Civilizations) of an 
insurmountable gulf between a despotic totalitarian East and a democratic West.
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emphasis upon ‘organization’ and ‘management’ 
is not dissimilar to that of Henry Wright’s (1969, 
1977) emphasis on the role of organization in the 
development of an administrative bureaucracy, 
so significant in the emergence of the state. 
Wittfogel’s ‘hydraulic societies’ has given birth to 
a substantial shelf of books written to counter, to 
support, and to adjudicate between contending 
views. For a review of this literature see Fagan 
2011; Salomon 2010; Hassan 2006; Scarborough 
2003; Mitchell 1973; Hunt and Hunt 1976; and, 
various citations in this paper. For an extremely 
interesting and informed critical review of the 
debate concerning Wittfogel’s hypothesis see the 
engaging paper by Boris V. Andrianov 1978. The 
‘causal’ issue with regard to irrigation, and its role 
in the emergence of civilization, is well stated by 
Robert Murphy (1967:29–30) during the period 
of its central debate:

When pursuing historical causality, we often 
end up by chasing our own tails. Does the 
political requirement of irrigation beget the 
state, or is a state a necessary precondition 
for irrigation? Actually, it probably works 
both ways. The irrigation hypothesis never 
required us to believe that communities 
undertook projects beyond their political 
means and then caught up institutionally to 
their accomplishments. Of course large-scale 
irrigation works were built by large-scale 
polities, but both had antecedents in small 
communities and small irrigation projects. 
It would be surprising indeed if significant 
temporal priorities were to be found, for the 
two variables probably emerged together. 
Perhaps our real problem is a mechanistic 
model of causality that leads us to seek for the 
cause at a point in time distinctly before the 
effect (emphasis in the original).
The author’s proposal that there is a synergistic 

action regarding irrigation and its centralized 
coordination, relating scale of irrigation complexity 
to greater political integration, is an opinion that 
would have been shared by the author of this book 
as well as by numerous authors addressing this 
specific issue, see the seminal works of Bennett 

1974, 1976 (new edition 2005); Hunt 1976, 
1988; and, Scarborough 2003, for excellent 
reviews of the debate.

Neither Wittfogel nor Julian Stewart (see 
below) were the first to propagate the notion that 
irrigation, and its administered bureaucracy, was 
implicated in the emergence of both the state and 
its authoritarian rule. Lev Mechnikov in Civilization 
and the Great Historical Rivers (1889, in French), as 
pointed out by Andrianov (1978 in a publication 
following the writing of this book), argued for 
three stages of cultural evolution: 1) The great 
riverine civilizations of Egypt, Mesopotamia, 
India and the Hwang Ho were all resultant from 
irrigation and shaped despotic slave owning states. 
A thesis that almost exactly parallels Wittfogel’s; 2) 
Mediterranean oligarchic and feudal states; and, 
3) Oceanic... the absence of governmental control.

Mechnikov was followed by Karl Marx and 
Friedrich Engels in repeatedly pointing out the 
formative role of irrigation in the emergence of 
class oppression and the state.

In a letter to Marx Engels wrote:
Artificial irrigation here is the first condition 
of agriculture and this is a matter of either for 
the communes, the provinces or the central 
government. An Oriental government never 
had more than three departments: Finance 
(plunder at home), war (plunder at home 
and abroad), and public works (provision 
for reproduction) [June 6, 1853] (quoted in 
Andrianov 1978).
The belief that irrigation is ‘causal’ to the 

growth of cultural complexity, or is related to the 
origin of the state, is today out of fashion; as is 
its role in population increase (Smith and Young 
1972; Boserup 1981). Today’s general consensus 
holds that cultural complexity and state origins 
precede the centralized control of irrigation 
practices. Brian Fagan (2011:xxi) summarizes that 
position: “As I argue, the main interest of rulers 
and their officials was not in irrigation and water 
management as such, but in the food surplus they 
produced, which supported the state”. Note: there 
would be no food surplus without irrigation. This 
is like saying that modern nation states are not 
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interested in taxes only in what the money can 
support. The question of a central authorities role 
in the control of irrigation is directly related to the 
scale of complexity inherent in both the manage ment 
and the size of the irrigation network. The scale of 
an irrigation system is directly proportionate to the 
scale of management. Even within an imagined 
community of self-sufficient villagers, particularly 
within an arid environment as the Near East, 
where the earliest agriculture and irrigation 
systems are evident by 6000 BCE. Simple furrow 
irrigation directed water run-off from streams 
and rivers in canals that proportioned water to 
allow its benefit to reach the most distant fields 
(see below). Some individual or group had to be 
responsible for coordinating the digging of canals, 
the apportioning of the water, the maintenance of 
the canals and adjudication in times of land and/ 
or water disputes. In time that individual became 
the Pharaoh of Egypt whose divine responsibility 
was the annual inundation of the Nile. One of 
the earliest pharaohs, referred to as the ‘Scorpion 
King’, is depicted on a mace head directing the 
construction and management of irrigation net-
works (Kemp 2006). Tension between individual 
rights to water versus the corporate rights of all 
sharing a single canal system necessitated some 
form of management; an authority to adjudicate 
between disputes.

We note in passing that the Sumerian epic 
myth Enki and the World Order offers some support 
for the importance of organization and the central 
control of irrigation systems. This myth writes 
Richard Averbeck (2003:758a, 2003b) “…consists 
of imaginative stories that are, in fact, based 
on reality and/or history, and therefore, reflect 
foundational understandings of the world that are 
important to the culture of the composer and those 
who read his compositions or hear them recited”. 

Enki, the Lord of the Earth and god of the city-state 
of Eridu, god of underground waters, fertility and 
productivity, assigns specific deities to organize 
and take charge of certain functions within the 
Sumerian world order. After Enki creates the 
Tigris and Euphrates, the crops and tools of 
the farmer, he places Enbilulu as ‘Inspector of 
the Waterways’ and appoints Enkimdu as the 
responsible agent for overseeing the ditches and 
the dikes of the irrigation networks. Fundamental 
to the Sumerian ‘World Order’ is Enki positioning 
his brother Enlil as the chief god of Sumer. It 
is Enlil who invents the agricultural hoe, made 
plants to grow, and organized plows, yokes and 
oxen teams. Central to this myth is its emphasis 
upon the maintenance, restoration, and vigilant 
control over the efficient and prosperous natural 
order of the Sumerian world.*

Wittfogel’s ‘hydraulic society’ theory, although 
largely dismissed today, remains of relevance in 
relating power to the structure of water manage-
ment. Traditional models advocate hierarchical 
structures of centralized control, linking economic 
needs to political power, in which a limited number 
of individuals maintain a ‘despotic’ control. One 
cannot avoid the fact that water management 
requires cooperation among indi viduals or 
groups that otherwise would be in conflict for 
access to the limited resource. As Robert Netting 
(1993:12) points out, the inequality within villages 
necessitates a coordination of access to water 
which, in turn, require some form of centralized 
decision making. An alternative interpretation 
for a degree of centralized control is evident in 
what Carol Crumley (1987, 1995) has termed 
hetarchy. Unlike hierarchical models in which a 
top-down linear chain-of-command dominates 
hetarchies envisage densely settled communities 
interacting, cooperative, and inter dependent. 

* We note that in Mesopotamia, the Babylonian supreme deity Marduk was responsible for the management of irrigation 
networks. Marduk, whose symbol was the marru, the spade “used for digging canals, was both the supplier of water 
and the controller of irrigation (Oshima 2007). In like manner, the Scorpion King, pharaoh of Egypt in Dynasty 
0, is depicted holding a digging stick and commanding the cleaning and construction of canals. We also note that 
Yu the Great, founder of the Xia Dynasty of China (ca. 2070 BCE), was accorded divine characteristics taught his 
people flood control techniques, constructed dikes, and built irrigation canals to distant farm lands (Lewis 2006).
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Hetarchy does not imply that coercion and 
centralization are absent it merely emphasizes the 
role of interdependency, a corporate management 
of labor, water, and the production/consumption 
of agricultural produce. One can readily imagine 
that hetarchy characterized the management 
of water resources already in Neolithic times. 
In this manner we envisage a continuum in the 
size of irrigations systems related to the scale of 
their management and control, ranging from 
hetarchical corporate (tribal) to hierarchical 
(state) control. It is not the presence and/or 
absence of centralized control that matters it 
is the scale of the irrigation system, on the one 
hand, and the scale of centralized control, on 
the other hand, that matters. Hetarchical control 
is characterized by horizontal economic and 
political interdependence and co-operation 
while hierarchical control was vertical in which 
a single urban center dominated the economic 
and political structures of a considerable territory.

In discussing the earliest irrigation practices 
Brian Fagan (2011:119, 31), is influenced by 
Robert McC. Adams’s (1966) comparative study 
of Mesoamerican and Mesopotamian civilizations. 
In Adams’s study irrigation is relegated to near 
insignificance in the emergence of cultural 
complexity. This view was re-affirmed in his 
seminal archaeological research in Mesopotamia, 
in which the administrative management of 
irrigation systems followed, was not ‘causal’ or 
related to, the emergence of urban complexity. 
In his own words the late development of large 
systems suggest that “if anything, large-scale 
complex irrigation practices were a derivative 
of the prior development of urban and state 
organization rather than vice versa” (Adams 
1981:245). One may fairly ask what is meant 
by ‘large-scale’ and when are we dealing with 
‘urban’ ? Surely, by the middle of the 4th mil len-
nium sites in Northern Mesopotamia reached 
an urban status of over 100 ha (Tell Brak at 130 
ha) and are estimated to have a population of 
10–15,000 (Ur 2011). In spite of the size and 
number of such communities, both surveyed 
and excavated in Northern Mesopotamia, we are 

informed by Jason Ur that “Despite the intensive 
and potentially overextended agricultural econ-
omy, and the monumentality of settlement and 
landscapes, we should not assume that the hand 
of a centralized administration lay behind these 
developments.” This conclusion follows the authors 
writing that “Excavations at these centers revealed 
remarkable concentrations of political and economic 
power: monumental temple, palace institutions, 
writing and administrative technologies, craft 
specialization and mass production, and con-
siderable disparities in status and wealth” (Ur 
2011a, emphasis mine; see also Ur 2011b). The 
contradictory implausibility of both statements 
is self-evident. In spite of such contradiction 
there is a conclusion “The EBA urban landscape 
appears to have been the non-planned result of 
widespread rules and attitudes about land tenure, 
household based surplus production and the social 
role of communal meals”. One would think that 
populations in urban environments, numbering 
in the tens of thousands and constructing monu-
mental temples and palaces, would require 
the management and centralization of labor 
in dealing with an “overextended agricultural 
economy” that reaches far beyond a “household 
based surplus production”. In an urban landscape 
labor, agricultural production, and surplus, are 
essential requirements. Similar contradictions, 
or inherent tensions, exist in Adams (1981:244–
245). Prior to his rigid conclusion that “complex 
irrigation practices were a derivative of the prior 
development of urban and state organization, 
rather than vice versa” he emphasizes that 
the emergence of “Mesopotamian cities can 
be viewed as an adaptation to this perennial 
problem of periodic, unpredictable shortages. 
They provided concentration points for the storage 
of surpluses, necessarily soon walled to assure 
their defensibility”. Storage, urban supply, he 
notes are a dominant concern (Adams 1974:3), 
thus: “It is noteworthy that the objective of 
urban supply, rather than irrigation, is stressed 
in the few early royal inscriptions dealing with 
watercourse maintenance, and that the principal 
technological distinction, is between navigable 
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and non-navigable channels”. Are the navigable 
rivers not also the major source for irrigation 
canals? It is relevant to observe that Medieval 
authors, in discussing the irrigation networks of 
Mesopotamia and Central Asia clearly emphasize, 
and offer the names of, the navigable canals while 
ignoring mention of the omnipresent irrigation 
canals. The emphasis in the texts is upon the rich-
ness and variety of agricultural products rather 
than the canals that allowed for their production 
(see Le Grange 1930 and Bartold 1958 for full 
discussion). What is of relevance is not ‘storage’ 
nor even ‘surplus’ but the organization of labor 
that produced the surplus and the management 
that distributed it! Adams in recognizing that a 
“narrowly deterministic view of urban genesis as 
merely the formation of walled storage depots” is 
insufficient we read:

The drawing together of significantly larger 
settlements than had existed previously not 
only created an essentially new basis for 
cultural and organizational growth but could 
hardly have been brought about without the 
development of powerful new means for 
unifying what originally were socially and 
culturally heterogeneous groups (emphasis 
mine).
Thus, it was the ‘organizational growth’ and, 

within that context, it was the management of 
labor that produced the surplus by which cities 
could come into being! It is not unreasonable to 
suppose that already within the 4th, if not the 
5th millennium that communities that reached 
the size of 15+ ha (37 ac) were producing a 
surplus under supervised labor management. 
Adams projects a perspective that allows for a 
multiplicity of interacting determinants, favoring 
an equal opportunity approach for all that might 
be deemed ‘causal’ in culture change (see also 
Adams 1996). In discussing the competition 
that would have evolved between upstream and 
downstream access to water, whether riverine or 

irrigation, we come to a conclusion that Adams 
(1981:245) takes to have occurred “no earlier 
than the 3rd millennium”:

It may well be that differentiation along this 
[upstream/downstream] and similar lines 
had as much to do with the appearance 
of complex, hierarchical state and urban 
institutions as the much more frequently 
and explicitly chronicled rivalries that took 
an interurban, overtly military form… Hence 
in response to all of them [the challenging 
ecological conditions] the husbanding of 
surpluses under hierarchically organized 
institutions with even a modest, strictly 
relative assurance of continuity represented 
the most broadly advantageous course of 
action that was available. This further implies, 
of course, that irrigation should be seen not as 
one of the most important of a group of such 
forces that tended to pose social challenges of 
a particular kind”.
Au contraire! The control and management of 

labor as well as the production of a surplus are 
very much “social challenges of a particular kind”.*

The control and management of a labor force, 
and the production of an agricultural surplus, 
are as determinist in today’s world as they most 
assuredly were in the ancient world. Whether it 
is the leader of a tribal entity or a modern state 
there always was and remains an essential need to 
control the equitable access to water. Whether it 
be the Hoover Dam, the Aswan Dam or the Three 
Gorges Dam the control and management of labor 
and its relationship to water, are inextricably inter-
twined with an agricultural surplus. Within the 
20/21st century the triumvirate of water/labor/ 
management remains of continental consequence 
(see Fagan 2011).

The tribal role in the management and 
control of irrigations systems in the 19th 
century is nowhere better documented than in 
Central Asia (MacGhan 1874; Schuyler 1876; 

* For a recent discussion on conflicts and violence due to water access, boundaries, and ethnicity (Kirghiz and Tajik) 
in Central Asia see Bichsel 2009. Her conclusion regarding upstream vs. downstream access to water is that it is 
“better to be head of the water than head of the people” (p. 49).
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O’Donovan 1882; Mukhamedjanov 1978). 
Southern Mesopotamia, on the other hand, was 
sparsely settled and as reported by Lady Anne 
Blunt (1879:442):

A principal feature of all these [development] 
schemes seems to be the restoration of fertility 
to the Babylonian plain south of Baghdad. This, 
rich as the plain formerly was, could not now 
be effected without a prodigious outlay in the 
form of water-works. To reconstruct entirely 
the Babylonian system of canals is financially 
impossible, even for the richest country in 
the world, at the present day; and without 
irrigation not a blade can grow.
An abundance of 19th century information, 

gathered during the expansionist Tsarist period 
on tribes, settlement patterns, social systems, 
agricultural production and irrigation, followed 
by the Soviet conquest of Central Asia, offered the 
foundation and the inspiration for the undertaking 
of the decades long Khorezmian Expedition of 
1937–1945, directed by Sergey P. Tolstov (see 
below).

The Merv Oasis, in today’s Turkmenistan, 
constitutes the apex of the Murghab deltaic fan 
which is some 40 miles in width and constitutes 
a fan of some 1,600 square miles (424,398 ha). In 
the 19th century Henry Lansdell (1885:476–477) 
gave the width of the Murghab River as “80–100 
paces” and up to “23 feet” in depth. Concerning 
irrigation he notes the presence of a large dam 
that:

Diverts the water among two sections of 
the oasis by means of two main canals, the 
Otamish and the Tokhtamish…. each of the 
two canals distributes the water through about 
50 leading arteries, and these in turn feed 
hundreds of smaller leats.
Each of the above two canals was occupied 

by different clans of the dominant Tekke tribe, 
themselves divided into 17 distinctive clans. 
Additionally, the Merv Oasis was inhabited by 
the Akhal, Saryk, Salor, Ersari, “and other” tribes 
totaling “230,000 souls”. Significantly, the control 
of irrigation systems was in the hands of tribal 
leaders that delegated their authority to lineage 

heads, which, in turn, managed the control 
over the distinctive branches along which they 
resided. The management of irrigation between 
the different tribes required alliances. The system 
of tribal and kin control over extensive irrigation 
networks as described by Lansdell, in both 
geographical spread and technical sophistication 
in the construction of dams, dikes, reservoirs 
etc., is almost identical to that described by A. R. 
Mukhamedjanov (1978) for the Medieval period 
in the Bukhara Oasis. Nineteenth century travel 
literature offers an abundant description of the 
settlement regimes, a state of constant conflict, an 
omnipresent irrigation network, and the presence 
of formidable fortification systems (the qala, or 
kala) belonging to distinctive tribes to protect 
their settlements and their irrigation networks. E. 
O’Donovan (1882, II:143, 175) observes that the 
forts functioned, in part, to protect the irrigation 
networks. In discussing the imposing Baba Kabasi 
fort, next to the great Dam of Banfi, he states 
that “without this dam the present cultivated 
area would be reduced to a condition as bleak 
and arid as that of the plains that surround it….
the old Sarouk fortress….constituted the central 
stronghold of Merv and protected the water 
works”.

We note that the forts were also the residences 
of the tribal leaders of the dominant Tekke tribe. 
Eugene Schuyler (1876:67–68) in one of the first 
geographic descriptions of the region wrote:

The whole of this region shows traces of 
ancient cultivation, and it is evident that a 
large population at one time existed here. In 
various parts there are mounds, now covered 
with growths of saxaul and other shrubs, which 
are evidently the ruins of former cities. There 
is an old legend that the whole valley of the 
Syrdarya was at one time so thickly settled 
that a nightingale could fly from branch to 
branch of the fruit trees, and a cat walk from 
wall to wall and house-top to house-top from 
Kashgar to the Sea of Aral. From the traces of 
former culture one can in part believe this…
but nothing which could enable the age of the 
ruins could be ascertained.
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Schuyler (1876:284–307) also offers descrip-
tive detail as to environmental and climatic 
conditions, the management and technology of 
irrigation networks, the types and quantities of 
agriculture produced under irrigation (termed 
obi) as opposed to agricultural lands fertilized by 
spring and autumn rains (termed lalmi), details 
pertaining to the agricultural cycle (fallowing, 
manuring, seeding, harvesting, watering, etc.), 
the quantification of lands cultivated for specific 
harvests, population numbers within specific 
named settlements, the allocation of the number 
of laborers assigned to agricultural production 
and irrigation needs, the traditional accounts of 
taxation (including that said to be ‘most important’, 
the kosh-pul – the tax for building and maintaining 
the irrigation system (Schuyler 1876:305), and 
finally, the management of the entire Zeravshan 
irrigation network, and the five types of land 
tenure, by both the centralized authority, i.e. the 
Emir of Bukhara’s administrative management 
and the local management by the authority of 
the tribe/lineage.

….the irrigated lands, on account of their 
richness and fertility, the constancy of their 
harvests, and the variety of their produce, are 
by far the most important to the well-being 
and civilization of the country. The proper 
regulation of irrigation is, therefore, a matter 
of the greatest consequence, especially in 
the valley of the Zeravshan where every 
drop of water has value, and where without 
more water there is hardly room for another 
inhabitant. The worth of land is estimated 
chiefly by the amount of water to which it 
has a right, and most of the lawsuits about 
lands arise out of disputes concerning water 
(Schuyler 1876:286).
On the waters of the Zeravshan which sup-

plied water to the Bukhara Oasis we read in 
Arminius Vámbéry (1865:220):

The water flows through a canal, deep enough 
but not maintained in a state of cleanliness. 
It is permitted to enter through the Gate of 
Dervaze Mezar once in intervals of from every 
eight to fourteen days, according as the height 

of the river may allow. The appearance of the 
water, tolerably dirty when it first enters, is 
always a joyful occurrence for the inhabitants...
It has, it is true, absorbed thousands of 
elements of miasma and filthiness.
The bilateral control and management of 

irrigation systems by both state and local control, 
as reported by Schuyler for the 300-year Bukhara 
Emirate and by Mukhamedjanov for the Medieval 
period, is similar in many respects to that reported 
by Robert Fernea for the management of irrigation 
system in Iraq in the 1960s (see below).

Noting the extreme variability of winter snow 
in the mountains and spring rain in the Bukhara 
region Schuyler (1876:292) notes that “It is not 
surprising then that famines are of not infrequent 
occurrence”. In the famine of 1810 “there was 
such a famine that men sold their children, their 
sisters and their mothers, and killed the old people 
or left them to starve”.

Finally, as observed by Adams, conflicts did 
emerge in the competition for water between 
upstream and downstream inhabitants (1981:300):

…as an irrigating canal is made for the benefit 
of all the lands bordering it, the use of water 
is subject to certain restrictions. Proprietors 
living near the beginning of the canal have 
no right to use more than their proper share 
of water to the detriment of those farther on.
The fact that inhabitants near the “beginning 

of the canal” routinely took more water is a 
frequent theme of 19th century travel literature, 
as well as in the modern era, as noted by Christine 
Bichsel (2009:49). On the occasion of disputes 
concerning water rights and access settlements 
are typically adjudicated at the local level, and 
are most commonly settled, but, if they are not, 
the administrative bureaucracy of the Emirate 
imposes a resolution.

Within Central Asia, by Andrianov in this 
book, a rich inventory of Bronze and Iron Age 
settlements have been surveyed and excavated. 
Today’s knowledge of Central Asia has very 
considerably expanded (Sarianidi 2010; Salvatori 
and Tosi 2008; Lamberg-Karlovsky 2013) yet 
the role of irrigation, assuredly present from the 
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beginnings of urban settlement (Masson 2006), 
remains little examined and less discussed. Again, 
the earliest evidence, as in Mesopotamia, remains 
buried under meters of alluvial silt.

Recently, with regard to the Mesopotamian 
world, Guillermo Algaze (2008) has correctly 
noted that the low gradient of the Mesopotamian 
plain, and the ease in which the gravity trans-
port of water facilitates irrigation in agricultural 
productivity and water transport, forms at least 
since the 4th millennium a critical element in the 
‘Mesopotamian advantage’. In recent decades, the 
use of CORONA, and other satellite images, has 
facilitated and transformed our understanding of 
Mesopotamia’s ancient landscape – particularly 
in the study of later periods where the signature 
of land use is less eradicated by the passing of 
time (Adams 2005). The anastomosing effects 
of the Euphrates and Tigris (Pournelle 2003) 
as well as the very considerable alluviation that 
buried earlier settlements under meters of silt 
buried also the evidence of irrigation networks. 
Dramatic evidence for the extent of alluviation, 
and its role in burying archaeological sites, was 
gathered by David Stronach (1961:97, 124) at 
Ras al ‘Amiya in Central Iraq. The top of this 2.3 
m high mounded site was found 2 m beneath the 
modern day surface. The site is dated to the Hajji 
Mohammed phase of the Ubaid Period (early 5th 
millennium). Stronach writes:

At present prolonged irrigation, coupled with 
long periods of neglect, has increased the 
degree of salinization in this flat country to 
a dangerous degree. But in ancient times the 
rich alluvial soil must have been remarkable 
productive wherever sufficient water was 
available. For this reason ever pond, river 
or water-hole must have been of immense 
importance in early ‘Ubaid times, and the 
precise location of sites like Ras al ‘Amiya must 
have often depended on the temporary course 
of some meandering river…. Many sites must 
lie beneath the alluvial cover of Central and 
Southern Mesopotamia.
Clearly, in Mesopotamia the very evidence 

for early irrigation, let alone the nature of its 

management, lie buried beneath the alluvium. 
The absence of evidence should not be taken as 
the evidence for absence! Additionally, contrasting 
data derived from archeological survey and the 
3rd millennium written record, indicate that 
Mesopotamia was a heartland of villages rather 
than cities. The presence of a significantly larger 
number of villages then detected in the land 
surveys of Adams (1981) has recently been 
documented by Piotr Steinkeller’s study of the 
written documents. In those texts more than four 
times the number of villages are recorded when 
compared to those identified on archaeological 
survey (Steinkeller 2007). It is entirely within 
the realm of our present understanding that 
all of these villages would have to be served by 
irrigation canals!

The 3rd millennium texts suggest that there 
was a favoring of barley cultivation over other 
kinds of cereal. Barley is the most resistant of 
cereals to saline soil. An emphasis upon the 
production of barley, reported in the texts, is taken 
as proxy evidence for intensive irrigation; a well-
known agent of salinization. If irrigation water is 
not drained from the land the water table will rise 
bringing salts to the surface by capillary action. 
This, in turn will render the soils increasing less 
fertile. Thorkild Jacobsen (1982) advanced the 
controversial thesis that by the end of the 3rd 
millennium increased salinity, resulting from 
over irrigation, brought about a shift from wheat 
to barley production which by the 18th–17th 
centuries BCE led to the abandonment of many 
urban centers of Southern Mesopotamia. A 
detailed critique negating the evidence in support 
of the ‘salinity theory’ has been put forth by Marvin 
Powell (1985).

The verdict implicating irrigation and salinity 
as involved in both the shift to barley and 
the abandonment of settlement in Southern 
Mesopotamia remains inconclusive. There is 
simply a lack of evidence for 3rd millennium 
patterns of land use, their relationship to water 
supply, the shifts in fallow systems, and their 
technical skills in dealing with (and/or reversing) 
salinity. The same verdict must be concluded 
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for the very role of irrigation in the formation of 
Mesopotamian cultural complexity in the Uruk 
Period of mid-4th millennium. Although we 
believe it played some role the scale and degree 
of its implication simply cannot be determined 
from the evidence at hand. For this period of 
time we have little idea on the nature of land 
ownership, the scale of the irrigation networks, 
their technological achievements, the organiza tion 
of labor (a critical component), the relationships 
and demography that characterized the relations 
of farmer and pastoral nomad, and indeed, the 
political and economic systems that structured 
the communities. Nevertheless, the synergistic 
action of irrigation and the essential need for its 
management and allocation was likely involved 
in the evolution of centralized authority. There 
is no denying this fact in the later Assyrian/
Achaemenid/Sasanian Empires (Adams 2005; Ur 
2011). The detailed analysis of irrigation systems, 
its technology, labor force, number and types 
of agricultural items produced, so thoroughly 
documented for the 19th century by J. A. Barois 
in his superb Irrigation in Egypt (1889), is essential 
were we to truly understand the nature of 
Mesopotamia’s ancient irrigation practices.

The Medieval Period
There is a considerable library of manuscripts 
and books from 900 CE to 1200 CE that consider 
aspects of dynastic rule, geography, social and 
political conditions, agricultural productivity, 
and importantly, from our perspective, irrigation 
networks. The works of such renowned Persian 
and Arab authors as al-Biruni, al-Idrisi, Ibn Batuta, 
al-Maqadisi, Samani, al-Masudi, Ibn-Hawkal, 
al-Istakhri, al-Tabari and many, many others are 
given detailed review (and bibliography) by Guy 
Le Strange (1930) and Vasili V. Bartold (1958). 
The great cities of Baghdad, Isfahan, Samarkand, 
Merv, Balkh, Bukhara, to mention but a few, as 
well as their distant countryside are discussed as 
are the irrigation systems that served them. The 
fall-off of literature following 1200 CE is directly 
related to the fact that all of the above cities, and 
more, were completely destroyed by the Mongol 

invasion. In the city of Merv alone over 10 thousand 
books and manuscripts were publicly destroyed, a 
task repeated in many of the major cities. Yakut, 
a resident of Merv, informs us that Merv was 
completely reduced to rubble by the Mongols and 
that the dikes, bridges, irrigation networks were 
all destroyed, the fields reduced to swamps and 
nine million corpses filled the countryside. Two 
centuries later Ibn Batuta passed by and reported 
that Merv consisted of a pile of ruins.

Bartold (1930:89–97, 104–107) tells us 
that in Samarkand, before its destruction, was 
inhabited by 10 thousand families and offers a 
description of the watercourses that fed the city. 
One canal, the Juybar-Bakar was said to water 
one thousand gardens while hundreds of sur-
rounding fortified villages, many encircled by 
moats, were fed by numerous canals dug from the 
Amudarya (Oxus) River (Bartold 1930:150). The 
Medieval authors followed a common narrative, 
referred to as the ‘Book of Roads’, in which 
various itineraries, roads and canals detailed the 
routes and waterways that offered communication 
between major cities. The names of the principal 
cities, the towns and villages in-between, their 
monuments, administrative detail, irrigation 
networks, industries, and agricultural products 
formed the substance of their narratives. Bartold 
(1930:181–182), observes that from this literature 
one obtains a view of their ‘warlike spirit’ and the 
fact that they were “constantly at war with one 
another”. A fact we have seen reaffirmed in the 
19th century travel literature.

In the early 8th century the Arab conquest 
of Central Asia, commanded by Qutayba bin 
Muslim, and much reported in contemporary 
literature, avoids discussing the nature, or the 
extent, of the irrigation works. We note, however, 
that following the Arab conquests in 733 a great 
famine is reported while in the anti-Arab revolt 
of 816–817 the export of grain was terminated. It 
is entirely possible that the famine was the result 
of the Arab destruction of the irrigation systems. 
A contemporary author of the mid-9th century 
writes of walls built “round the vineyards and 
cultivated fields of the inhabitants” to protect them 
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from invasion” (quoted in Bartold 1930:211). 
Even after Arab subjugation of local rule the 
quarrels over water rights remained a constant 
factor. Abdullah bin Tâhir, the ruler of Khorasan, 
took a special interest in agriculture. In attempting 
to adjudicate irrigation disputes he discovered that 
the Muslim lawbooks offered neither instruction 
on their management nor on the resolution of 
disputes. He summoned the faqîhs (religious 
scholars) of Khorasan, to collaborate with their 
counterparts in Iraq, and work out the legal 
principles regarding the use of irrigation water. 
Deliberations resulted in the writing of the Kitâb 
al Qunîy (Book of Canals) that held influence for 
several centuries. Notable is a concern for the 
moral issues of equity and justice, the protection of 
the interests of the peasant class, and an emphasis 
upon education – all championed concerns of bin 
Tâhir. He believed that “The autocrat must above 
all be a good landlord” implying the judicious 
treatment of the farmer and the maintenance of 
the irrigation canals (Bartold 1930:213, 226). 
The absence of being a good ‘landlord’ was the 
imposition of excessive taxes. The absence of 
‘Muslim lawbooks’ does not imply the absence of 
rules governing irrigation networks by the local 
populations. It might imply that the nascent Arab 
state had not formalized any colonial rules for 
dealing with subjugated populations.

Isfarayini writes in the 11th century that 
ruinous taxation led to disastrous consequences, 
“the agricultural districts were to a great degree 
deserted and the irrigation works in some places 
had fallen into decay, in others had ceased 
altogether” (Bartold 1930:287). The noted 
Medieval historian Muqaddasi states that in the 
10th century, in the city of Merv, an appointed 
overseer of irrigation commanded 10 thousand 
corvée laborers, and horse guards, responsible 
for the digging and maintenance of the canals. 
This suggests a high degree of centralized control 
over both the labor and maintenance of the water 
networks. As the Murghab River approached 
Merv major dikes separated the river into four 
major canals and a large reservoir that nourished 
fields for miles in every direction, extending “six 

leagues from the city” to the town of Jîrang “while 
one league beyond it lay Zark. Here stood the 
mill where Yazdajird III, the last of the Sassanian 
kings, fled for shelter, and was murdered by the 
miller for the sake of his jewels” (Le Strange 
1930:400). Sassanian kings were above all 
responsible for the vast construction of irrigation 
networks. Among the largest was the construction 
of the Nahrawan Canal in Iraq that extended 
from Dur to Madharaya (see Map II, Lestrange 
1930) a distance of over 200 miles (for Sassanian 
irrigation, see Adams 2006). The Sassanian 
monarchs were not alone in the construction 
of large irrigation networks. The contemporary 
Khorezmian Shahs were their equal (see below).

The Ethnographic Evidence
Fagan (2011:119, 31) follows the consensus 
view: “But there was no central authority” in 
the management of early irrigation systems. 
It is relevant to point out that Adams’s highly 
influential conclusion was influenced by the 
study of his colleague Robert Fernea’s (1970) 
ethnographic study of irrigation among the El 
Shabana of Southern Iraq. Fernea emphasizes 
the local management of irrigation systems and 
sees the El Shabana as ‘typical’ of tribal groups in 
Southern Iraq. Several features within the social 
organization of the tribal El Shabana are ideally 
suited to irrigation practices. Some aspects of the 
El Shabana are seen by Fernea as near universals 
of tribal organization and well suited to the local 
organization of irrigation. These are:
1. “As in all traditional societies the irrigation 

technology employed is very simple. Neither 
survey equipment nor leveling devices are 
used. Joint ownership of land prevails which 
helped assure that there were no “plots 
without access to water” (Fernea’s 1970:3) 
thus avoiding potential conflicts”. 

2. The El Shebana established alliances with local 
tribal and nomadic groups having distinctive 
tribal affiliations. Marriage ties, alliances, 
shared economic concerns, i.e., permitting 
pasturage on fallow fields to nomadic groups 
also alleviated conflict. 
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3. The El Shabana kept livestock in sheep, goat 
and cattle which allowed some (or all) to revert 
to pastoral nomadism should conditions make 
farming too tenuous. Animals were not only a 
source of income “but an ultimate insurance 
against drought, loss of land, or other crises” 
(Fernea’s 1970:6). 

4. Tribal hospitality, mutual obligations, kin 
relations, and ritual ceremony (birth, mar-
riage, circumcision, death, etc.) between 
different members of the tribe allowed for risk 
reduction and strengthened the co-operation 
required in digging and maintaining the 
irrigation networks. The structured formality 
in their social relations allowed for both 
fragmentation and coalescence in time of 
crises and stability. 

5. Fernea argues persuasively that the most 
adaptive feature of the tribes social organiza-
tion (and arguably all tribal societies) is its 
ability to prevent the concentration of wealth 
and power in the hands of the few. The social 
organization of tribal societies is generally 
regarded as egalitarian (Sahlins and Service 
1988). Among the El Shabana the shaykh, or 
chief, is regarded as the first among equals. 
His principal function (typical of all tribal 
societies) was to lead in combat and act “as 
a reservoir of tribal law and an astute judge 
enforcing culturally defined and traditional 
norms” (Fernea’s 1970:9). 

6. The shaykh lacked political power. The seg-
mentary lineage system of tribal organiza tion 
inevitably favored a decentralized rule which 
led, in turn, to frequent revolutions resulting 
in shaykhs emerging from different lineages. 

7. Lastly, the shaykh did not attempt to build 
up his land-holdings or invest in his control 
over new irrigation works. Such efforts would 
be contested by the tribe. His concern was 
enhancing his prestige and status. What 
wealth he acquired he expended “in the 
form of hospitality, help in crises and the like 
(Fernea’s 1970:10).
The social organization of tribal cultures are 

well suited to manage and control irrigation 

networks. Tribal society are clearly not entirely 
without organization. The organization, however, 
is not hierarchical as when a state polity takes 
central control over the entire irrigation network. 
That form of communal, decentralized control, 
but nevertheless control, we have referred to as 
an hetarchy. It is the characteristic structure of 
decision making in a tribal society.

Did irrigation agriculture in its increasing 
complexity require ever more bureaucratic 
management and create the centralized state or 
vice versa? The debate misses the essential point, 
namely, irrigation, and its ever increasing techno-
logical requirements and consequent population 
increase are co-evolutionary processes in the 
development of cultural complexity. Cultivation 
and irrigation in arid environments go hand-in-
hand. The scale of agricultural production and 
irrigation management trace an evolutionary 
process that moves from hetarchy to hierarchy, 
from tribal societies to state formation. Hydraulic 
societies existed where water resources were 
both concentrated and essential for agriculture. 
This concentration, in turn, allowed for the 
centralized management of the resource for the 
distribution and allocation of water to distant 
villages. Although the ‘Wittfogel Hypothesis’ 
has little traction today we note that there are 
some archaeologists that adhere to the belief 
that irrigation was, in fact, a central factor in the 
emergence of cultural complexity. Thus, Richard 
McNeish (1967) contends that irrigation was 
central to the emergence of civilization in Peru 
and Mesoamerica while William Sanders (1968) 
shares the same opinion for Mesoamerica. Almost 
a decade before Wittfogel proposed his thesis 
the distinguished anthropologist and ecologist 
Julian Steward (1949, 1955) proposed that 
irrigation was a major ‘cause’ in the emergence of 
a centralized political authority. Steward proposed 
that ‘irrigation civilizations’ (Egypt, Mesopotamia, 
China, Mesoamerica, and the Andes) had com mon 
develop  mental sequences resulting from their arid 
environments that required large-scale irrigation. 
Later, and largely due to the influential criticisms 
of the ‘irrigation hypothesis” by Adams (1966), 
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Steward (1968:323) drew back from his position 
and attributed the emergence of Mesoamerican 
civilization to the centralized control of produc-
tion and trade rather than irrigation. It is worth 
pointing out that in 1966 Adams had virtually 
no evidence as to the role that irrigation played 
in the emergence of cultural complexity in the 
early periods in Mesopotamia and scant more for 
Mesoamerica. His rejection of irrigation as a factor 
in the emergence of cultural complexity seems to 
be more against the likely accuracy of Wittfogel’s 
singular emphasis on irrigation as ‘cause’ or with 
its political implications for the emergence of 
‘despotism’ than upon any solid evidence that he 
marshals to oppose its role in the emergence of 
urban complexity.

The Earliest Irrigation Networks
Rain fed agriculture came into being some 10 
thousand years ago in the arid lands of the Eastern 
Mediterranean. At the Neolithic village of Choga 
Mami, in Eastern Iraq near the Gangir River, 
archaeologists discovered the presence of simple 
gravity flow furrow irrigation dated to the 6th 
millennium BCE (Oates and Oates 1976). Even 
earlier simple irrigation practice is argued for 
the 7th millennium site of Beidha in Southern 
Jordan (Byrd 2005). The manipulation of water 
came long before the emergence of social power 
that controlled the huge irrigation networks of the 
3rd millennium. Channeling water to fields must 
have come soon after the domestication of plants, 
if so, Choga Mami is a late representative of the 
manipulation of water to feed agricultural fields. 
Access to water is tantamount to managing risk 
whether a hunter-gatherer or a farmer. Where 
water is a scarce resource and populations are 
wholly dependent on irrigation for agricultural 
yield the risks are high and risk management is 
essential. Thus, the tenuous nature of irrigation 
necessitates the management of risk for the very 
survival of the community.

In the late 1960s and 1970s the earliest fully 
preserved landscape of irrigated agriculture in 
the Near East was discovered by the Tepe Yahya 
Project in the Kerman Province of Southeastern 

Iran. The late Martha Prickett (1986) undertook the 
survey and excavation of a number of early 6th–5th 
millennium sites in the Shah Maran-Daulatabad 
region where a system of spate irrigation was 
mapped in association with a dense settlement 
distribution (see also Wilkinson 2003). The village 
of Dolatabad, in the Shah Maran-Daulatabad basin, 
is located 24 km from the site of Tepe Yahya in 
Southeastern Iran. Today the mean rainfall is 
150 mm. The extremely restricted rainfall pro-
duces an arid environment of sparse xerophytic 
and halophytic shrub and grass vegetation. In the 
absence of irrigation there is clearly insufficient 
rainfall for agricultural production. The Shah 
Maran-Daulatabad basin is watered by two peren-
nial surface water flows, the Rud-i Gushk and 
Rud-i Ab Dasht. The Rud-i Gushk channel is a 
broad anastomosing network of 20–300 m wide 
braided channels with banks under 2 m (ca. 6.5 ft) 
in height. Settlements in the immediate region 
of Tepe Gaz Tavila, form a cluster of 11.57 ha 
(ca. 43 ac) and date from the late 6th to mid-5th 
millennium. The total settlement within the survey 
area numbered 313 mounded sites and 227 
‘scatter sites’. Individual sites were discontinuously 
settled, however, over the course of 1,200 years 
the region itself was continuously inhabited. The 
area of terraced and irrigated agricultural fields 
encompassed a region of approximately 400 ha, 
almost 1,000 ac. Irrigation channels were narrow 
depressions ranging from 30 ft in length to 3.8 mi 
(6 km). Low stone dams were placed across the 
rectangular fields to both deflect the water to 
downslope fields as well as to capture the silt in 
flood conditions – during the monsoonal period of 
late summer. The region was totally abandoned in 
the late 4th millennium, resulting perhaps, from a 
shift in the pattern of the monsoon (Brooks 2006). 
The Shah Maran-Daulatabad basin provides the 
earliest preserved irrigated landscape with an 
associated settlement regime extending over an 
area of almost 1,000 ac. The range of over 500 
settlements from a maximum of 12 ha (29.65 ac) to 
six hundredths of a hectare (two-tenths of an acre) 
represent a likely population in the low thousands 
living in villages numbering from no more than 50 
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to several hundred. The settlement and associated 
irrigation found here is almost two millennia before 
centralized authority takes over the management 
of irrigation in Mesopotamia (Adams 1981). The 
evidence presented here would be contemporary 
with the Ubaid Period in Mesopotamia where 
Adams sees little evidence for the centralized 
management of irrigation. Adams (2007) in dis-
cussing Mesopotamia and the role of irrigation 
has remained wholly consistent in his belief that 
“Large dendritic systems of canals bringing whole 
subregions of the plain into coordinated control….
did not exist”. If so, Mesopotamia was behind the 
contemporary agricultural developments of distant 
Southeastern Iran and, as discussed below, the even 
more distant irrigated agricultural regions of 5th 
millennium Turkmenistan.

It is impossible to conceive of the absence 
of a degree of central management over the 
Shah Maran-Daulatabad irrigation system that 
sprawled over 1,000 ac and in which over 500 
variably sized settlements were located. Clearly, 
there had to be some form of management. The 
scale of settlement density, population, and the 
expansive irrigated fields would have required an 
oversight. Without management for scheduling 
access, amount, construction and maintenance 
of canals, chaos and combat would prevail in the 
fight for individual rights, as opposed to corporate 
needs, for water. The rare evidence derived at 
Choga Mami and the unique landscape of the 
Shah Maran-Daulatabad region attest to a scale 
of irrigation network that required some degree 
of centralized control. The terraced field systems 
in the Maran-Daulatabad region consisted of 
both constructed stone dams (30–80 cm in 
height) and silt dams to prevent the run-off of 
sheet-flooding and river flood. Complimenting 
these water management systems was the con-
struction of canals as well as the construction 
of dams diverting water from natural widyan 
into agricultural fields or canals. Excavations of 
sites in the region of the fields yielded wheat, 
barley, millet varieties, cultivated grapes, dates, 
poppy (Papava sp.), and legumes (Prickett 1985, 
1986a). Within the estimated 300 ha (741 ac) of 

ancient terraced fields there are over 30 km (18 
mi) of walls lines that were mapped. Many others 
were too poorly preserved to record. Prickett 
(1986b:243) is clear in stating that the complexity 
of the terraced field systems and spate irrigation 
that bound the agricultural fields into a single 
network required “Intensive labor input and 
organization….that supported a large settlement 
growth for over half a millennium”. As nascent as 
that management might have been the adjoining 
irrigated fields amid a considerable settlement 
density was of such a size and complexity as to 
be beyond the control of individual households. 
The Shah Maran-Daulatabad region involved over 
500 settlements of towns, village and homesteads 
scattered over 1,000 ac! (For a remarkably 
detailed analysis and illustrations depicting the 
environment, ecology, settlement regime and 
irrigation systems as explored by the Tepe Yahya 
Project see Prickett 1979, 1986a, 1986b).

The Shah Maran-Daulatabad region may 
be the best preserved ancient landscape of 
settlements and irrigation practices within the 
Near East but it is not the only one. Dr. G. N. 
Lisitsyna, a paleoethnobotanist affiliated with the 
Institute of Archaeology, Moscow, was directly 
involved in the paleogeographical investigations 
in Southern Turkmenistan. In the eastern part 
of the ancient delta of the Tedjen Oasis nine 
archaeological sites were discovered in a region 
referred to as the Geoksyur Oasis. A general 
description of this Central Asian world, consisting 
of dominant rivers forming oases surrounded 
by forbidding deserts and specific settlement 
pattern, is well described by Barnard Taylor 
(1874:17):

The dry climate, which makes a desert of 
the greater portion of the land, in fact, allow-
ing habita tion only in the neighborhood of 
the mountains, has given rise to a singular 
arrange ment of the settlements. In the 
absence of periodic rains the inhabitants 
are obliged to rely upon the streams which 
come from the mountains in spring and 
summer for the fertilizing of their fields. 
They therefore construct long canals and 



37Irrigation Among the Shaykhs and Kings

ditches from the gorges of the streams to 
their fields, and thereby, notwithstanding the 
rudest agricultural implements they obtain 
regular and excellent harvests, unless there 
happens to be an unusually scanty snowfall 
upon the mountains, and the supply of water 
is diminished in consequence.
The Geoksyur Oasis consists of 400 km2 

(105 mi2) of irrigated lands in which nine archae-
ological sites were discovered, ranging from the 
mid-4th to the early 3rd millennia. Geoksyur 1, a 
settlement of 8–10 ha (27–36 ac) was fed by Canal 
1 that extended over 3 km (1.86 mi). The extent 
of the irrigation canals dug in the Geokysur Oases 
amount to 7,500 m3 (264,8593  ft). The 3  km 
Canal 1 was 3.47 m (11 ft) wide and 1.2 m (3.9 
ft) deep. Using Alexander Vaiman’s (1961) figures 
for canal diggers in Sumer it is estimated that the 
construction of Canal 1 took 2,500 man-days or 
100 men working for 25 days. The irrigated lands 
around the settlement of Geoksyur 1 were 
estimated to range from 50 to 80 ha (123–197 ac). 
If these irrigated lands produced one harvest it is 
estimated that production would amount to 100 
metric tons. The possibility for two harvests was 
considered and deemed possible. This would have 
produced a substantial surplus. Wheat and barley 
were sown with a clear dominance of barley. 
Again, was the preference for barley due to the 
salinization brought about by irrigation? Adjacent 
to the settlement of Geoksyur IV, dated to the end 
of the 4th millen nium, a water storage pit, a 
reservoir, was discovered with a surface of 
1,000 m2 (10,7642 ft). The Geoksyur surveys and 
excavations were aided by the pioneering use of 
aerial photography followed by ground-truthing. 
Regarding the irrigation network Lisitsyna (1969: 
279) concludes:

The changes which have been determined 
by archaeologists in the distribution of early 
settlement sites were related, not to those 
changes in the natural environment which 
were caused purely by the climate, but to the 
organization of the hydrographic network and 
the constant oscillations in the water supply 
of certain regions.

‘Organization’ implies some degree of con-
trol and when one examines the considerable 
distance traversed by canals, as well as the 
dams constructed for sheet and river flood 
control, and the number of villages served by 
the irrigation network one cannot help but 
consider some degree of centralized control. 
It is likely that the Geoksyur and Shah Maran-
Daulatabad irrigation systems were managed in 
a hetarchical manner. Thus, several institutions 
representing different constituents, i.e. tribes, 
specific lineages, religious authorities, etc., formed 
a communal decision-making authority. With the 
passing of time and under demographic pressure 
within the ever increasing size of settlements 
social forces required a new control over the 
productive forces of the economy. This, in turn, 
required a greater centralization of authority 
for securing the necessary labor force, as well 
as for the design, construction and management 
of the irrigation systems that characterized the 
2nd and 1st millennia BCE. Control over the 
means of production, whether labor, land tenure, 
irrigation, trade or craft production, evolved from 
an earlier hetarchical communal authority to the 
hierarchical power in the hands of an increasing 
few. Perhaps, within the Old World the one 
region with the best evidence for the transition 
from irrigation as hetarchy, the Geokysur Oasis, 
to hierarchy, the Khorezmian Expedition, is in 
Central Asia. The author of this book, Boris V. 
Andrianov, was involved in that project serving as 
the director for the specific study of the irrigation 
systems.

The Khorezmian Expedition
Sergey Yatsenko (2007), on the occasion of the 
2006 opening of The History of One Expedition at 
the State Museum of Oriental Art in Moscow, 
referred to the Khorezmian Expedition as “The 
Biggest Expedition Studying the Ancient Iranian 
World”. That statement need not have been 
restricted to the ‘Iranian World’. The Khorezmian 
Expedition was under the leadership of 
Academician Sergey Pavlovich Tolstov (1907–
1976). Born of a family that supported the 
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monarchy his father was an officer in the 
Emperor’s guard, his grandfather a general in the 
Ural Cossacks. Tolstov was to change allegiance 
and became a dedicated member of the 
Communist Party and an academic leader in the 
Soviet Academy of Sciences. His enthusiasm for 
the Party whether dedicated, necessary, com-
promised, or forced is today a subject of debate 
in Russia. In 1923, Tolstov became a student in 
the Department of Anthropology and studied 
with the distinguished environmentalist Professor 
Vsevelod Aleksandrovich Anuchin (see below). In 
1929 Tolstov took part in an expedition to the 
lower Amu Darya (Oxus) River studying the 
traditions of the Turkmen Yomud. In 1935 he 
completed his doctorate and in 1938 became the 
head of the Khorezmian Archaeological-
Ethnographical Expedition. His was a meteoric 
rise, in both academic and party circles. In 1939 
Tolstov became the Director of two leading 
institutions: the Department of Ethnography in 
Moscow State University (which he headed until 
1952) and the Institute of the History of Material 
Culture (today the Institute of Archaeology, 
Russian Academy of Science). In the 1950s he 
added to these administrative responsibilities the 
directorship of the Institute of Oriental Studies 
and the editorship of the magazine, Soviet 
Ethnography. In the 1930s ethnology was being 
declared a bourgeois science and in 1933 a new 
system of cultural institutions was established to 
study regional cultures (kraevedenie). Previous 
institutes with ethnographic interests were 
closed, their leaders dismissed, some killed 
(Miller 1956). Tolstov became a new leader, an 
ideologue supporting the new tenets for the 
collectivization of farming, the elimination of 
private property, and the sedentarization of 
nomads. Following WW II from 1946–1952 he 
concentrated on the excavation of Toprak-kala 
and from 1952–1957 on Koy-Krylgan-kala . Both 
sites are in the Ellik kala, the ‘Fifty Fortresses 
Oasis’ in modern day Uzbekistan. At Toprak-kala, 
capital of the Khorezmian Kingdom and dated to 
the 1st–5th centuries CE, Tolstov excavated 
palaces, temples, and wall paintings depicting 

Zoroastrian deities, some 14 m in height. At Koy-
Krylgan-kala, 400BCE–400CE, excavations 
revealed a Mazdian Fire Temple. [For photos and 
accessible text see http://www.heritageinstitute. 
com/ zoroastrianism/khvarizem/page 3.htm, 
www.heritageinstitute.com/zoroastrianism/ 
khvarizem/page 3.htm, one of several web sites 
pertaining to Tolstov’s expedition].

From 1952–1957 Tolstov directed an expedi-
tion that was extraordinary in its inter disciplinary 
perspective (for two seminal publications see 
Tolstov 1948a–b). We note that the author of 
this book, Boris V. Andrianov, was both a col-
league and a co-author with Tolstov on numerous 
publications pertaining to the expedition results. 
The expedition obtained permission to utilize 
airplanes, carried portable power-stations, photo-
labs, and had special caravan automobiles. 
Excavations were combined with archaeological 
survey on both the land and through flight. It was 
among the very first expeditions that combined 
aerial photography with ground truthing. In 1946 
over 9,000 km (ca. 5,500 miles) were covered by 
air routes with 60 landings and 5,000 air photos 
taken. More than 250 new sites were recorded. 
Central to the expeditions concern were the 
recording of ancient settlements, roads, irrigation 
systems and the extent of land cultivated. During 
10 field seasons, 1952–1961, scientists studied 
the modern and ancient topography, climate, 
environment, ethnography and archaeology of 
the right bank of the Khorezmian Amudarya. In 
the course of five seasons the field work covered 
2,000 km (1,242 miles), recorded and described 
more than 400 archaeological monuments 
from the 4th millennium BCE to the 16th 
century CE. The topographical-archaeological staff 
responsible for documenting and mapping the 
ancient irrigation systems was directed by Boris 
V. Andrianov. The presence of settlements and 
associated irrigation systems within the Bronze, 
Iron, and the Medieval Periods were all duly 
recorded. A dramatic change in the complexity 
of irrigation is noted in the 6th–5th centuries 
BCE when irrigation canals were 100–150 km 
(62–91 mi) long and 2–3 m (6.5–9.8 ft) deep. 
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Barley, wheat, millet, grapes (for wine production), 
and a variety of fruits including numerous types 
of melon (for which the region today remains 
famed) were all cultivated by irrigated fields. 
Numerous forts surrounded the settlements. 
Andrianov (1995:11) in a more recent publication 
summarizes that within all periods one notes that:

Periods of political centralization coincided 
with the rise and spread of irrigation-based 
farming, and vice versa, the reduction of 
irrigated areas occurred in troubled war 
and crises time….in the lower reaches of 
the Amu-Darya and Syr Darya…. Complex 
archaeological study of these areas has made 
possible the reconstruction of complicated 
history of the development of irrigation and 
irrigation-based farming.
Tolstov, not including hundreds of his articles, 

published two highly significant synthetic works 
summarizing the results of the expedition in 
1948 and in 1962. One may fairly ask why is 
this remarkable expedition virtually unknown 
in the western literature. Although there are 
rare instances of its mention, (i.e., Altman 1947) 
its truly remarkable results, a landmark in the 
history of 20th century archaeology, are all but 
ignored. Its 1930s interdisciplinary approach, let 
alone its independent development of settlement 
survey analysis, are of historic significance. The 
answer is perhaps obvious. During the Soviet 
period travel, let alone collaboration, in Central 
Asia, even for scientists (maybe particularly for 
scientists) was not possible. Sadly, political barriers 
simply prohibited collaborative undertaking 
and, without such, nations and science become 
separatist if not even antagonistic. This barrier 
was only lifted in the mid-1980s with the first 
USA–USSR collaboration in joint archaeological 
symposia, five held in both countries, as well 

as collaborative field work (Lamberg-Karlovsky 
1994) Archaeological collaboration with the 
USSR was quickly followed by the French, Italian, 
British, and Germans. By the early 1990s, with the 
collapse of the Soviet Union, many nations were 
undertaking collaborative research in Russia and 
its former ‘autonomous republics’.

We mentioned above that Professor Vsevelod 
Aleksandrovich Anuchin was a mentor to Tolstov. 
Anuchin, a geographer, was a major figure 
and much involved in what became known as 
the ‘Anuchin controversy’. It has an important 
bearing on the entire approach taken by Tolstov. 
In the 1930s the geographer N. N. Kolosovski 
was among the most influential scientists in pre-
Soviet Russia advocating a unified geographical 
approach for an appreciation of the importance 
of the environment on human affairs. Anuchin 
was his able disciple. The notion that the environ-
ment may be a ‘determinist’ factor in land-man 
relationships directly countered official Soviet 
ideology. On this point Stalin’s Short Course was 
abundantly clear. In Chapter 4 of the Short 
Course, “Dialectical and Historical Materialism”, 
Stalin states that the chief causal force in social 
development is not to be found in the geographic 
environment but in the “mode of productions of 
material values”. In following Marxist-Leninist 
ideology Stalin asserted that the physical environ-
ment can never decisively determine the growth 
of society.* Such a perception is consistent with 
Marxist-Leninist views that natural laws and 
social laws occupy distinctive realms. In sum, 
man is capable of mastering nature through 
social development and is not subject to the 
influence of his natural environment. Anuchin 
expressed outspoken views in favor of a unified 
geography that favored an increased emphasis on 
environmental determinism. He wrote:

* The Kratkiy kurs (Short Course) is the Istorii Vsesoiuznoy Kommunisticeskoy partii (bolshevikov) Kratkiy kurs 1938 (History 
of the All Union Party Bolsheviks). This massive volume, written by Stalin (who compiled it from various authors) 
served as the ultimate and unalterable textbook of Marxism-Leninism-Stalinism. Both the Kratkiy kurs and Stalin 
were denounced by N. S. Khrushchev at the Twentieth Party Congress on February 25, 1956. The Kratkiy kurs was 
withdrawn from circulation and Pravda announced that “the cult of the individual leader” was to be replaced by 
“collective leadership” of the Party (see Avrich 1960 for further details on the Short Course).
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The interaction between society and nature 
always bear a clearly defined character, and 
given any social structure, it will be different 
in different countries and regions, since it 
depends on the geographic environment, 
which cannot be alike all over the surface of 
our planet.
Anuchin cast down the gauntlet. His criticisms 

of inadequate environmental planning and 
conservation, whether the reduction of cropland 
in favor of urban development, the diversion of 
rivers, irrigation without soil conservation, the 
construction of excessively large reservoirs, or 
the felling of forests without adequate plans for 
re-growth all have a modern ring. Anuchin’s 
doctoral dissertation Theoretical Problems in 
Geography did not obtain the necessary two-thirds 
vote and was rejected by his committee. The 
‘Anuchin controversy’ received some attention 
in the US (Hooson 1962; Chappell 1965) and, 
significantly, his doctoral thesis, with identical 
title, was published in the US (Anuchin 1977) 
but never saw the light of day in the USSR. He 
did, however, publish parts of this dissertation in 
literary journals.

In spite of Soviet opposition to environmental 
determinism the issue of man-land relationship 
occupied Marx in his recognition that environ-
mental challenges posed specific socio-political 
economic problems. He took up the notion of 
‘Oriental despotism’ in attempting to explain why 
some Asian nations, embedded with totalitarian 
regimes, did not experience the ‘normal’ tran-
sitions from slave to feudal to capitalist, and finally, 
to socialist conditions. The near universal rejection 
of Wittfogel’s hypothesis concerning ‘hydraulic 
civilizations’ overlooks his valuable contribution 
in focusing on the importance of man-land 
relationships in Marxist and non-Marxist thought. 
That relationship was at the very core motivating 
the research of the Khorezmian Expedition 
and the contributions of S. P. Tolstov and B. V. 
Andrianov. In this book Andrianov, collaborating 
with Tolstov, and direct ing the study of irrigation 
for the Khorezmian Expedition is explicit as 
to the determinative role of environment and 

the transforming effect of irrigation on both 
environment and human society.

Irrigation under Colonial Deconstruction
Lastly, we consider an antithesis, namely, rather 
than states and irrigation being intertwined in 
the rise of cultural complexity, we consider the 
thesis that contends that state control of irrigation 
is ruinous to both environment and agricultural 
production. McGuire Gibson (1974:15, 31) has 
this to say about British and Turkish colonialism 
and rule:

By supporting and keeping one family [the 
shaykh’s] in position of power, by changing a 
chief [shaykh] to a landlord; by concentrating 
wealth while inducing individuals to take up 
small, fixed plots; by imposing yearly taxes 
and encouraging rents and debts, the central 
authority brought about widespread violation 
of fallow. Eventually the selling out by small 
holders to large landholders did not lead to a 
reversal of agricultural decline because debt 
ridden farmers often did not stay on the land 
as sharecroppers, but became nomads or fled 
to the cities.
The British administration’s construction 

of dams, the centralization and extension of 
canal networks, intensification of agricultural 
production, and absentee landlords led to a 
predictable increase in salinity and a dramatic 
decrease in agricultural productivity. Gibson, again 
notes (1974:15): “Directly, through engineer-
ing that promoted water-logging and salinity, 
the central government acted to undermine 
agricultural productivity”. The reduction of fallow 
meant a reduction in pasturage and a consequent 
decrease in livestock. The gradual disintegration 
of the tribal system, resulting, in part, from a new 
system of private land ownership, rents, taxes, 
interest on loans, and a newly constituted market 
economy all fostered the bankruptcy of the small 
land-holder as well as labor shortages. Tribal land, 
previously held communally, became private 
property transforming the shaykhs into landlords 
who were now concerned “increasingly in their 
own family interests”.
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Colonial powers transformed traditional 
societies. They appointed tribal shaykhs as their 
agents, empowering them as landlords, and invest-
ing in them powers which were not tradition ally 
theirs. Shaykhs became absentee landlords, their 
tribal members tenants obligated to taxes and 
debt, or sold off their lands to speculators. On 
such occasions Esther Boserup (1974:12–13) 
observes that:

When (large-scale irrigation) regions are left in 
the uncontrolled possession of a landlord class, 
which is either of foreign origin or partner in 
precarious alliance with a foreign conqueror, 
rural investments are in danger of being 
neglected, because the landlords inevitably go 
for quick profits and liquid assets. In extreme 
cases, the result is starvation and depopulation.
To the above voices lamenting the destructive 

policies of a state control in the management 
and construction of irrigation systems we can 
add that of Robert Fernea (1970:37). He studied 
the traditional irrigation of both the El Shebana 
tribe and that of Iraq’s central government. His 
conclusion:

All evidence seems to indicate that localized 
tribal organization was sufficient to sustain and 
at times to extend irrigation-based cultiva tion in 
the region over many centuries, in the absence 
of sustained governmental administration 
and investment. Indeed, contemporary study 
suggests the extensive patterns of decentralized 
irrigation agriculture as practiced by the tribes 
may actually have been better suited to the 
physical environment of Southern Iraq then the 
more intensive patterns of land use which have 
followed tech nological improvements in the 
irrigation systems, improvements developed 
by modern central government in Iraq.
In fact, the advantages of local management 

over irrigation practices were well recognized 
by the British colonial administrator, “I am very 
strongly of the opinion that it is sounder to leave 
the distribution of [water] from all except the main 
canals almost entirely to the Arabs themselves…. 
rather than entrust it to subordinates who will 
certainly involve our administration in a great 

deal of odium” (quoted in Fernea 1970:138). 
Gibson (1974:7, 15) is even more strident: “In 
Mesopotamia the intervention of government 
has tended to weaken and ultimately destroy the 
agricultural basis of the country”. The deleterious 
effects of state management were recognized at 
an early date. In the most extensive and well-
documented treatise on irrigation in the 19th 
century we read in J. Barois’s exhaustive study, 
Irrigation in Egypt (1889), of the ambivalence and 
tensions that accompanied the transition from 
traditional approaches to irrigation in the service 
of state control.

Barois (1898:99–101) writes:
As to the distribution of the water amongst 
the different branches of the canals, as well 
as for the secondary canals, it is entirely in 
the hands of the Government agents yet, on 
the one hand, the farmer enjoys the greatest 
liberty in opening the ditches or making inlets 
in the banks of the canals…no [government] 
rules exist for regulating the discharge…on 
the one hand the Government assumes all 
authority over irrigation, and on the other 
the individuals are subjected for the use of 
the water to no special regulations…It is the 
unity of interests which causes the necessary 
measure to be taken to bring water and to 
maintain the level and drain it afterwards.
Barois reviews the ancient and modern history 

of irrigation in Egypt, observing that from time 
immemorial the sovereign, whether pharaoh or 
king, laid claim to the ownership of land while 
in practice the usufruct, the territorial unit, was 
one in which land was communally held. “This 
system lasted, with some slight modifications, until 
the beginning of this century (with the initiation 
of Mehmet Ali’s (1769–1849) developmental 
programs involving land reform, the construction 
and control of large scale irrigation networks, the 
establishment of corvée labor, the employment of 
450,000 laborers for four months largely devoted 
to irrigation construction, and related new laws) 
and it may be believed that during this long period 
of time communal rule of property its instability, 
its insecurity, and especially its character of 
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usufruct, had contributed considerable to the 
development of a normal system of irrigation 
based on the rights and interests of individuals”.* 
The binary opposition of state vs. local control 
of irrigation systems establishes an opposition 
that functions best as academic debate but not 
at all in the functioning of irrigation networks. 
From an evolutionary perspective one concedes 
that initially there was local control over both 
communal lands and irrigation systems. Local 
control does not place the emphasis on either 
word, ‘local’ or ‘control’. There was control and 
that control was local. Such control existed under 
hetarchical principles involving the traditions of 
tribal rule, lineage authority, and religious and 
ritual determinants.

The size of the community was directly 
related to the scale of the irrigation system. 
Increasing populations require ever increasing 
agricultural production and both, in turn, require 
new forms of social organization. There is a 
linear relationship in the increasing size of 
community population, agriculture and power. 
At a certain point (indeterminate?) hetarchical 
systems give way to an emergence of hierarchical 
structures of power. That point of transition may 
be conceived in anthropological terms as what 
is regarded as the evolution of a chiefdom to a 
state administered bureaucracy. The irrigation 
networks of Maran-Daulatabad and the Geoksyur 
Oasis were assuredly under local control. The 
control of irrigation systems in the Bronze Age of 
Mesopotamia and Egypt may mirror that of the El 
Shabana and Barois’s description of 19th century 
Egyptian irrigation systems. In detailing the small-
scale horizontal structures of management and 
control, those that are hetarchical, as opposed to 
the vertical structures of hierarchical control, we 
have, under the enduring influence of Wittfogel, 
too long favored the later and all but ignored the 
former. We have missed the fact that:

1) scale matters, both with regard to the 
irrigation network and population size; 2) of 
necessity ALL irrigation systems are managed 

and controlled; 3) and, that the scale of control 
relates to the scale of social organization; 4) the 
control of labor comes before the construction of 
irrigation systems, monumental architecture; and, 
5) there are always factors that combine local and 
central control of irrigation systems whether they 
be contoured by tribal or state organizations!

Jennifer Pournelle has recently made an 
important case for natural wetlands, an environ-
ment of marshes, rather than irrigated fields, as 
being the sustainable habitat in which the cities 
of Mesopotamia emerged. She writes:

In most people’s heads – archaeologists, 
ecologists, environmental scientists – here’s 
the idea that cities happen because some-
body invented and managed irrigation. My 
argument is ‘No’ – irrigation is what happened 
because you had cities, but the marshes were 
moving away from them. That’s what marshes 
do. Deltas build up, river mouths migrate 
and the marshes go with them The city’s 
stick where it is, so it has to start irrigating to 
raise crop production and replaces all of the 
marshland resource that have moved too far 
away  (emphasis mine).
Radiocarbon dates were obtained from the site 

of Eridu, in Southern Iraq, from shells that were 
embedded in mud bricks confirming the marsh-
land environment during the settlements earliest 
occupation: “What we found was that in this area, 
right around where the mound [settlement] is, 
there were marshes during the bracketed dates”. 
The site was occupied from 8000–4000 BCE. It 
is her hypothesis, which has considerable merit 
in the Southern Mesopotamian landscape that 
cities first emerged in the marshes where aquatic 
resources were rich and water readily available for 
agricultural production. This may well be true for 
Southern Mesopotamia but it is equally true that 
irrigation was already evident in the Neolithic, 
prior to such settlements as Eridu in Southern 
Mesopotamia. Pournelle is quite correct that 
“irrigation is what happened because you had 
cities” and such is true not only for Mesopotamia 

* Private property rights were not fully conceded until 1871 under Khedive Ismail Pasha.
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but for Central Asia, China, Egypt, and Peru, to 
mention a few places in which early cities were 
dependent on irrigation. Cities contemporary with 
those in the southern marshes were also present 
in the Mesopotamian alluvium and would have 
required irrigation to support the population. In 
the Late Uruk period Uruk texts record fields 
of 952 hectares while one from Jemdet Nasr 
concerns 2,120 hectares of agricultural fields 
which certainly would have been irrigated 
(Renger 1995:273). As Steinkeller has observed 
(1999:302):

Moreover, as is generally known, in the 
Mesopotamian alluvium cereal cultivation is 
impossible without artificial irrigation. Only 

minimal artificial irrigation can be done in the 
individual-family level. Under such conditions, 
irrigation works are indispensable for securing 
an agricultural surplus,  but even a small-scale 
irrigation system exceeds the labor capacity 
of a single family. To create such a system, 
and even more importantly, to maintain it, a 
suprafamily organizational arrangements be 
they voluntary or coercive are required.
The increasing complexity of irrigation 

technology, settlement density, and population 
increase are best seen as co-evolutionary processes 
within alluvial environments involved in driving 
scales of cultural complexity within millennia 
long histories.
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Settlement sites and principal water channels.
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Settlements, water channels, dug canals, and stone walls (perpendicular lines) for alluvial catchment.
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Tepe Gaz Tavila, 5th millenium settlement.
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Tepe Gaz Tavila, excavation and surface architecture. The site was bisected by seasonal flooding.

Stone walls for alluvial catchment. 
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Stone walls for alluvial catchment.
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From the Author

In commemoration of the enthusiast-archaeologist engineer-irrigator, D. D. Bukinich, whose 
research in South Turkmenistan marked the beginning of the archaeological study of ancient 

irrigation in Central Asia.

Results of artificial irrigation are astonishing, 
they are characterized by the well-known words ‘desert’ and ‘oasis’.

A. I. Voeykov

Agriculture represents the basis of ancient 
civilizations, in countries with inadequate pre-
cipitation, thus it has always been related to 
artificial irrigation. Water is the source of life 
in arid zones. K. H. Marx and F. Engels stressed 
many times the special importance of irrigation 
and its huge influence on the rise of the ancient 
civilizations (Marx and Engels 1957, Tom 
9:132; 1961; Tom 20:152, 183–185, 188, 500; 
1962; Tom 28:221).Note 1 That is why a study of 
the historical evolution of irrigation elucidates 
different aspects of the entire economic and social 
history of the population of those countries.

The world literature, however, is poor in works 
on the history of irrigation. There is very little 
general research in which the entire development 
of irrigation is traced from the earliest period to 
the present. This is due, first of all, to the fact 
that in the modern oases the remains of ancient 
agriculture are poorly preserved and they occur 
only in the ‘lands of ancient irrigation’ in the shape 
of semi-destroyed canals, traces of small irrigation 
networks, etc.

Especially vast and rich, however, are ancient 
irrigation sites of different periods in the Aral Sea 
area, where, starting in 1937, the archaeological 
research of the Khorezm Archaeological-
Ethnographic Expedition of the Academy of 
Sciences of the USSR, under the general direction 
of the Corresponding Member S. P. Tolstov, took 
place. In 1952, the archaeological-topographical 
unit, headed by the author of this work, was 
organized to study the ancient irrigation systems 
of that area. This book is a compendium of the 

archaeological and historical-ethnographical 
material accumulated on this task. We covered 
an area of 5 million ha with the remains of 
ancient irrigation canals, dams, ditches and fields 
surrounding the ruins of settlements and covering 
different periods, from the mid-2nd millennium 
BCE to their abandonment by the Turkmens and 
the Karalpaks in the 19th century. Additionally, 
we contributed to the study of ancient irrigation 
over a wide arid zone by using aerial methods; 
we traced the origin and development of irrigated 
agriculture, which made possible identifying 
general and specific patterns of the development 
of irrigation and determining their place in the 
Aral Sea region.

This publication is divided into two main 
parts. The first part concerns the use of aerial 
methods in archaeological and geographical 
fields; the desk-study of ancient irriga tion systems 
using aerial images; the general history of 
irrigated agriculture and its connection with the 
origin and spread of plant growth; the develop-
ment of working implements and irrigation skills. 
The second part presents the results of field 
archae ological-topographical research on irriga-
tion works in the ancient lands of the Lower 
Amudarya, the Southern Akchadarya Delta, the 
Sarykamysh Delta, and the Lower Syrdarya. In 
conclusion, some issues of socio-economical 
history con nected with irrigation are presented, 
as well as an overall view of the causes for the rise 
of the ‘lands of ancient irrigation’ and the 
likelihood of their evolution.

The work of the archaeological-topographical 
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group was carried out in accordance with the 
Expedition’s general plan of work, and in close 
connection with the archaeological excavations 
of the largest sites located in the ‘lands of ancient 
irrigation’ of Khorezm. Many members of the 
Expedition participated in the archaeological-
topographical unit. It is a pleasant duty to 
express my deep gratitude to the first chief of the 
Expedition, the Corresponding Member of the 

USSR Academy of Sciences S. P. Tolstov, the entire 
staff of the Khorezm Expedition as well as students 
and trainees of the Faculty of Geography of the 
Moscow State University and the Moscow Institute 
of Geodesy and Cartography, who participated in 
the survey team and were engaged in the hard 
work on the aerial photo interpretation and the 
mapping of ancient irrigation systems.



Introduction

Boris V. Andrianov

In countries with a warm climate and low 
precipitation, where the growth of plants was 
possible only thanks to artificial irrigation, the 
creation and maintenance of irrigation systems 
was an important aspect of social production. 
Irrigation demanded an enormous labor force 
for the construction and maintenance of canals 
as well as the construction of dams to protect the 
area against destructive floods. Peasants’ lives 
were permanently devoted to the maintenance 
of the irrigation network. In 1874, a member 
of the Amudarya Expedition of the Geographic 
Society, the artist N. N. Karazin, described the 
difficulties of farmers in pre-revolutionary Central 
Asia: “The burning sun, the summer ten months 
long, the neighborhood of dead sandy deserts are 
strong enemies of farmers; they oppose only chigir 
against them; working hands are not enough and 
the sun burns everything sown. Where there is 
water there is life, where it is not, there is death. 
Both life and death border too close to each 
other for farmers to weaken their attention to this 
permanent struggle” (Karazin 1875:199).

The silent witnesses of the struggle for water 
– ancient irrigation works – are an important 
source of knowledge of the history of humanity 
and the history of labor and techniques. Traces 
of ancient irrigation are frequently found close 
to modern cultivated oases. The ‘lands of ancient 
irrigation’ are marked by the abundance of ruins 
of ancient cities, fortresses, castles, farms, dikes, 
dry canals, artificially planned fields no longer 
cultivated, vineyards and orchards. The total area 
of these ancient lands in the USSR is 8–10 million 
ha, which equals the total modern irrigated area. 
Almost half of these lands are in the area of the 
Aral Sea, the lower reaches of Amudarya and 
Syrdarya and their ancient deltas.

Pre-revolutionary Russian orientalists, such 
as Ya. V. Khanykov, N. I. Veselovskiy and V. V. 
Bartold, wrote many papers on the history of 

irrigation in Turkestan. Continuing their tradition, 
the Soviet researchers of Central Asian ‘lands of 
ancient irrigation’ systems began, already in the 
1920–1930s, an intensive study of the history 
of irrigation, using both written sources and 
archaeological material. During those years the 
reconstruction of old and the construction of new 
systems of irrigation started in Central Asia. V. I. 
Lenin said that “Irrigation is needed and much 
more necessary to renew the land, revive it, bury 
its past and strengthen its transition to socialism” 
(Lenin, Tom 43:200).Editor 1

Many archaeological researchers at that 
time were closely connected to the practical 
tasks of irrigation works. In the first pages of 
the Vestnik irrigatsii (Bulletin on Irrigation), 
the engineer-irrigators B. N. Kastalskiy and E. 
M. Timofeev developed V. V. Bartold’s idea of 
coordinating the works of irrigation specialists 
and archaeologists,Note  2 and they called upon 
hydrologists and archaeologists to establish closer 
links (Kastalskiy and Timofeev 1934:53). Accord-
ing to their view, the revival of irrigation systems 
could be implemented with great con sequences 
when the genesis and history of irrigation in this 
region were known. The experience of ancient 
irrigators over many centuries of practice in 
choosing the optimal canal courses should be 
emulated in the modern practice of irrigation 
construction. They rightly wrote that “it is necessary 
to take everything technically developed in the 
past and improve it using modern achievements” 
(Kastalskiy and Timofeev 1934:60).

While the specialists in irrigation were 
interested in the practical economic role of 
ancient irrigation systems, the historians and 
archaeologists paid attention to its origin and 
development in Central Asia. In 1924, the 
engineer-hydrologist and enthusiast-archaeologist 
D. D. Bukinich, was investigating the nature of the 
Transcaspian region and the ancient agricultural 
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sites of the Anau culture. He formulated some 
conclusions about the first stages of irrigation 
in South Turkmenistan (Bukinich 1924), which 
were then successfully proven by archaeological 
research (see also Bukinich 1926, 1940, 1945).

The works by B. A. Latynin in 1930–1934 
marked the beginning of the study of the history 
of irrigated agriculture in the Fergana Valley 
(Latynin 1931, 1935a, 1935b, 1956, 1957, 1959, 
1962). This research indicated that the origin of 
irrigation canals could be dated to Prehistoric 
periods. They were built in connection with 
the construction of walls that enclosed fields to 
prevent floods, as in the piedmont of the Kopetdag. 

Considerable documentation on the history 
of ancient irrigation works was accumulated by 
other archaeological expeditions of the 1930s. 
Among them the Zeravshan Expedition (directed 
by A. Yu. Yakubovskiy in 1934 and 1939), and 
the Termez Expedition (directed by M. E. Masson 
in 1936–1938). Also worth mentioning are: the 
archaeological supervision at the construction of 
the Bolshoy Ferganskiy Kanal (The Great Fergana 
Canal; M. E. Masson, Ya. G. Gulyamov, V. D. Jukov, 
T. G. Oboldueva); the archaeological supervision 
of the Tashkent canal construction (M. E. Voronets, 
A. I. Terenojkin); the archaeological supervision 
on the construction of the Kattakurgan reservoir 
(V. A. Shishkin, I. A. Sukharev); G. V. Grigorev’s 
excavations of Kaunchi-tepe near Tashkent 
(Grigorev 1940a) and Tali-Barzu near Samarkand 
in 1934–1939 (Grigorev 1940b); the research on 
Varakhsha and the canals surrounding it (V. A. 
Shishkin 1937–1939), etc. (Yakubovskiy 1940; 
Tolstov and Shishkin 1942; Bernshtam 1947; 
Gaydukevich 1948; M. Masson 1956).

The widest territory of ancient irrigation works 
in the Aral Sea area corresponds to the lower 
reaches of the two largest Central Asian rivers, 
the Amudarya and the Syrdarya. They extend 
from the Sarykamysh depression and the Uzboy 
to the north of the Karakum desert, through 
the modern delta of the Amudarya and the dry 
riverbeds of the Janydarya, to the lower reaches 
of the Syrdarya and the Sarysu to the east. This 
territory is crossed by dry beds of ancient deltaic 

channels of the great Central Asian rivers and 
the remains of numerous channels branching 
from them. Along their banks there are ruins of 
settlements, fortresses and towns.

Already in the very first efforts of the archae-
ological expedition in Khorezm in 1934, headed 
by M. V. Voevodskiy, one of the task was to 
establish the history of the main irrigation 
systems (Voevodskiy 1938:235). The research was 
funded by the Sredneaziatskogo gosudarstvennogo 
institute po proiektirovannyu vodnokhozyastvennikh 
i gidrotekhnicheskikh soorujeniy (Central Asian 
State Institute for Projects for Water and Hydro-
technical Structures). Special attention was paid 
to the discovery of ancient irrigation systems 
predating the Mongols, to establish the origin 
of the chigir irrigation in Khorezm, and to study 
the historical dynamics of irrigation along the 
Daudan and the Daryalyk. In 1934, archaeological 
excavations at the Zmukshir (Zamakhshar) site and 
the survey of sites in its surroundings were carried 
out. On the way back from Khorezm, members 
of the Expedition carried out aerial observations 
from their aircraft. In 1934 M. V. Voevodskiy gave 
special instructions to study abandoned irrigation 
systems (Institute of Archaeology of Moscow, 
Manuscripts Archive 3, N1:66–67). He recognized 
the need to map irrigation systems, conduct 
archaeological excavation of canals, and research 
ancient rural settlements located near these 
irrigation systems. Thus, M.V. Voevodskiy’s work 
in 1934 marked the beginning of the research of 
ancient irrigation systems in the Aral Sea area.

In 1937, the archaeological and ethnographic 
works of the Khorezm Expedition, directed 
by S. P. Tolstov, began in the lower reaches of 
the Amudarya. The successful research of this 
Expedition in solving great historical problems, 
the social structure, the socio-economic, the 
political and cultural history of the ancient 
Khorezmian State are the best representations 
of the achievements of Soviet archaeology as a 
whole. For the USSR this study morphed from an 
auxiliary and source project into a very important 
and independent branch of historical science 
(M. Dyakonov 1949; Struve 1949).
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Since the beginning, the history of irrigation 
in Khorezm occupied an important place 
among the scientific issues of the Khorezm 
Archaeological-Ethnographic Expedition. In 
prewar and immediate postwar years (until 
1950), the research on the history of the irrigation 
network of this area provided Ya. G. GulyamovNote 3 

with an opportunity to participate in the Khorezm 
Expedition in order to prepare and defend his 
doctoral dissertation. It was entitled Istoriya 
orosheniya khorezma s drevneyshykh vremen do nashik 
dney (History of Irrigation of Khorezm from the 
Ancient Period to Our Day), published in 1957.

In his dissertation, Ya. G. Gulyamov reviewed 
his archaeological supervision (1936–1950) 
during the construction of irrigation systems in 
Khorezm and as a participant of the Khorezm 
Archaeological-Ethnographic Expedition (1938–
1946). This book summarizes his previous 
publications (Gulyamov 1945, 1948, 1949, 1950, 
1965). In his introduction, the author especially 
emphasizes that he did not include any materials 
from the Khorezm expeditions collected on this 
subject after 1950.

Ya. G. Gulyamov wrote about the history 
of people’s experience in creating artificial 
irrigations in Khorezm from the Bronze and 
Early Iron Ages to the present day. Using the 
abundant archaeological, historical and historical-
ethnographic material, the author traced the 
origin of irrigation in the dry channels of the 
Amudarya Delta and outlined a general scheme 
of the development of irrigation. From the slow 
evolution of the use of floods of the Amudarya 
for fishing and hunting in Neolithic times, to 
the primitive agriculture and herding in the 
disappeared channels during the Bronze Age, and, 
finally, to the artificially irrigated agriculture based 
on the main canals in classical periods. A sharp 
change in development of irrigation in Khorezm 
took place after the victory of the Great October 
Socialist Revolution and the strengthening of the 
Soviet system in Khorezm, when the old irrigation 
network was rebuilt.

In his research, Ya. G. Gulyamov used numer-
ous sources such as Oriental manuscripts, 

documents and literary works. His good knowledge 
of the archaeological sites of the Lower Amudarya 
enabled him to provide a general description of 
the main irrigation systems of Khorezm in 
different periods and also to draw some small 
scale historical maps (see Gulyamov 1957:87:fig. 
6, 100:fig.7, 104:fig. 8, 118:fig.9, 133:fig.10, 
161:fig.11, 177:fig. 12, 209:fig. 13, 226:fig. 14).

The author was completely right in considering 
the formation of class relations, the emergence 
of large settlements and towns, the rise of the 
despotic state in Khorezm in the second quarter 
of the 1st millennium BCE as determinant 
factors in the transition to artificial irrigation. 
In his words, the despotic state was “the force 
which mobilized not only tribes and clans, but 
also the slaves to dig the main canals, to erect 
dams and other structures” (Gulyamov 1957:95). 
The history of irrigation in the Khorezm Oasis is 
given by the author against a wide background 
of political events. For instance, the influence 
of the Khorezm kingdom spread south and, in 
Herodotus’ time, the ‘Akes Oasis’ (located by Ya. 
G. Gulyamov in the basin of the Tedjen River) 
belonged to the people of Khorezm (Gulyamov 
1957:96). After the rise of the Achaemenids in 
Persia and the entry of Khorezm as tributary of 
the Achaemenid state in the late 4th century BCE, 
there was a comprehensive irrigation activity by 
the people of Khorezm (when king Farasman was 
the independent ruler of Khorezm during the rule 
of Alexander of Macedonia).

The heyday of ancient agriculture in the oasis 
was dated by Ya. G. Gulyamov to the Kushan 
period (Gulyamov 1957:98). The reduction of the 
irrigation network took place in the 3rd to 4th 
centuries CE and its renewal in the 5th and early 
6th centuries CE. The author analyzed in detail 
the political, and historical-geographical changes 
in the oasis during the Middle Ages. In order 
to describe the history of irrigation in Khorezm 
during this period, the author used numerous 
written sources. Ya. G. Gulyamov’s deductions 
concerning the political, economic and cultural 
links between agriculture and herding of the 
steppe peoples and the rise and decay of irrigation 
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systems is very important. “The agricultural 
population could grow and develop irrigation, 
organize the defense of the oasis, create cities 
only through close contacts between the oasis and 
the steppe in the mighty state system” (Gulyamov 
1957:94).

Much attention was paid to irrigation tech-
niques. The author traced the development of 
the main canals and the gradual shift of the head 
works upstream in the large flowing channels 
of the Amudarya. After some time, this led to 
a reduction in the number of single canals and 
the creation of wide systems based on the main 
riverbed (Gulyamov 1957:67). This adaptation 
was traced by us from archaeological material in 
some regions of the Aral Sea, principally in the 
Chermen-yab basin (Andrianov 1958b:327).

Particularly interesting in Ya. G. Gulyamov’s 
book is the eighth chapter, dedicated to the 
historical and ethnographic description of the 
experience of Khorezmian irrigators in the 
construction of gravity-fed irrigation canals. 
These were very complicated and effective 
systems from a hydro-technical point of view, 
taking water from the river through diversion 
head works (saka) adapted to the river level. 
There was a reservoir (bedrau) to save excessive 
surplus water. The system consisted of large main 
canals (arna), distributors (yab) and narrower 
canals (badak), from which ditches (salma) flowed 
into the fields. The surplus water was directed 
into a terminal reservoir. The restrictions to 
Khorezm’s irrigation system were: the unstable 
head water-intake due to erosion or the filling 
by silt sediments in the main riverbed; the 
labor investment required in cleaning the silt 
sediments, dredging the canals, etc. 

This book’s section describes in great detail 
the water-lifting system, the dams, the water 
exploitation and the main labor duties to maintain 
the irrigation systems (Gulyamov 1957:246–267).

Ya. G. Gulyamov’s monograph is the most 
important step in studying the history of irrigation 
in Khorezm. However, some of his conclusions 
must be ameliorated and expanded on the basis 
of new material. The author arrived at his con clu-

sions about the beginning of irrigated agriculture 
in the lower reaches of the Amudarya only on 
historical-ethnographic analogies (Gulyamov 
1957:54–65). Though he excavated in 1945–
1946 the Late Bronze Age site of Djanbas 6, 
the archaeological proofs of the appearance of 
agriculture in Khorezm came solely from the find 
of a millstone fragment and from the similarity 
between some painted and burnished ceramic 
fragments with those of the Anau sites (Gulyamov 
1957:53).

The origin of the main canals in Khorezm is 
dated by Ya. G. Gulyamov to the Amirabad period 
(i.e. 9th–8th centuries BCE) as a “continuation 
of the primitive methods of basin irrigation” 
(Gulyamov 1957:81). It is argued on the basis of 
finds of Amirabad pottery from the river banks of 
the ancient canals, which are alongside scattered 
streams, i.e. long uy (Gulyamov 1957:67).Note 4 In 
his explanation of the origin of the main canals, 
the author gave great importance to floods 
regulation (stream overflow) of the Suyargan (on 
the right bank of Khorezm) and floods channels 
of the Daudan (on the left bank of Khorezm). 
These floods, which occupied the strip between 
‘dunes’ (modern uy) “helped the early farmers 
with the primitive watering of sown fields” 
(Gulyamov 1957:62). Following the lowering of 
the topography, by correcting the natural thalweg, 
the farmers diverted the flood waters between 
sand hills into artificial canals. Ya. G. Gulyamov 
wrote that “in order to bring water to the target 
point, ancient farmers just retouched the natural 
thalweg, hence the resulting canals were small 
and wide” (Gulyamov 1957:89).Note 5

As we shall see below, a different interpreta-
tion of the origin of the main canals was given by 
S. P. Tolstov in his book Drevniy Khorezm (Ancient 
Khorezm). S. P. Tolstov linked the development 
of artificial irrigation with the observation and 
regulation of floods in drying deltaic channels 
(Tolstov 1948a:45). If Ya. G. Gulyamov supposed 
that ancient irrigators used the floods diverted 
into natural depressions, between sandy hills, as 
canals, S. P. Tolstov, on the other hand, connected 
the origin of the main canals with the regulation of 
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the damping of deltaic riverbeds rising above the 
depression of the alluvial plain. Particularly clear 
differences in the evaluation of geomorphological 
conditions of that period arose in solving the 
problem of the Suyargan. Highlighting the origin 
and development of irrigation systems on the right 
bank of the Khorezm, Ya. G. Gulyamov gave a 
major role to the overflow of the Suyargan. The 
floods, penetrating from the Amudarya to the 
Djanbas-Kala takyr, through a chain of lakes and 
depressions of the Suyargan, were considered 
by the author as the only source of water, for all 
the ancient canals on the right bank of Khorezm, 
before the transition leading to the origin of the 
main river channels (Gulyamov 1957:47, 93, 97, 
etc.). As already mentioned in the publications of 
the Khorezm Expedition, archaeological and geo-
morphological research indicated that the narrow 
width and the recent structure of the Suyargan 
riverbed could not have been the source of the 
massive ancient irrigation systems. In the Archaic 
period (6th–5th centuries BCE), they had their 
source from numerous vanished lateral channels 
of the Southern Akchadarya Delta (Andrianov 
1959b:182; Tolstov and Kes 1960:137).

Ya. G. Gulyamov determined the origin of 
the large main canals in Khorezm as the time 
following “the culture of settlements of the 6th 
to 3rd centuries BCE” (Gulyamov 1957:76). 
This conclusion, which was very important for 
the entire political and economic history of 
Khorezm, did not fit with S. P. Tolstov’s concept 
that the irrigation network of Khorezm’s right 
bank and the explored part of its left bank were 
already built in the mid-1st millennium BCE 
(Tolstov 1948a:45). The discovery of the massive 
Archaic irrigation system (6th–5th centuries 
BCE) by the archaeological-topographical unit 
on both the left and right banks of the Amudarya 
confirmed, although not fully, S. P. Tolstov’s 
thesis (Tolstov 1948a).

Despite some controversial conclusions, 
Ya. G. Gulyamov’s work played a crucial role in 
our thinking about the developments of irrigation 
in the Amudarya. This work has not lost its great 
significance even though some assertions may 

have to be clarified and amended in light of  
new material.

The opinions of the head of the Khorezm 
Expedition, S. P. Tolstov, on the origin, development 
and dynamics of the ancient irrigation network of 
Khorezm are clearly given in his work Drevniy 
Khorezm (Ancient Khorezm) (Tolstov 1948a:37–
56). The author wrote: “The analysis of the 
configuration of the ancient irrigation networks 
allows interesting considerations on the history 
of its origin. It entirely repeats the configuration 
of the ancient delta... It seems as though people 
reconstructed the totally vanished (by their time) 
ancient delta. If we consider that, long before the 
creation of the irrigation network, the kair of the 
ancient delta were densely populated by farming 
people, we can understand the meaning of this 
phenomenon. As people lifted the residual water 
from drying channels, before returning to their 
fields, it is highly possible that, exactly in this way, 
gropingly and empirically, they discovered the 
principle of water drainage of large canals. This is 
relative to the head works far upstream along the 
river, which could then provide water to the fields 
by gravity flow. It is also highly possible that, by 
observing the natural run of floods along the dry 
channels of river beds, they could define gradient 
techniques for the course of the canals. In any 
case, in the remote age when the ancient irrigation 
network of Khorezm was built, man did not defy 
nature, but just adapted his techniques, exploiting 
nature for his own benefit” (Tolstov 1948a:45).

Combining field surveys along canals with 
aerial reconnaissance and archaeological study 
of rural settlements of different periods, S. P. 
Tolstov traced the direction of the main canals of 
the ancient irrigation network on the right bank 
of Khorezm, and deduced that it “represented the 
modern one in a broader form”. He developed 
methods of measurement for ancient irrigation 
constructions. In 1940, near Djanbas-kala, Angka-
kala, and Kanga-kala, and also in the Berkut-kala 
Oasis, the measuring of canals revealed significant 
differences in the character of Antique and 
Medieval systems of irrigation (Tolstov 1958:102; 
Gulyamov 1957:90). S. P. Tolstov drew layouts 
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of Antique and Medieval irrigation systems in 
Khorezm as well as archaeological-topographical 
plans for some of their parts (Tolstov 1948a:46–
47, 134–135, 158–159). Based on above evidence, 
the complex reasons for the reduction and 
abandonment of the irrigation systems published 
in his book Drevniy Khorezm are expounded.

In the special section Dinamika drevney 
irrigatsion noy seti (Dynamics of the ancient irriga-
tion network), the author provided a general 
description of the major canals creation in the 
mid-1st millennium BCE on the right and left 
banks of the Khorezm. He also indicated the 
dynamics for the reduction of irrigation systems 
in the 4th to 6th, 8th to 9th, and 13th to 14th 
centuries CE. The first considerable abandonment 
of irrigated territories was connected by the author 
with the decline of the Kushan Empire. Its collapse 
“into separate states warring with each other and 
tending towards further disintegration”, as well 
as the aggravation from social conflicts, which 
undermined the main pillars of the “ancient 
irrigation culture: communities, slave owning and 
centralized despotism” (Tolstov 1948a:50). The 
second period of decay was conditioned by social 
upheaval and popular riots during the Arabs’ 
invasion. Then came the period of the Medieval 
Khorezmshah Empire and the beginning of an 
irrigation revival, which was stopped by the 
Mongol invasion in the early 13th century. The 
ensuing feudal fragmentation in Khorezm, and 
in many other regions of Central Asia, caused 
the desolation of many territories in the 13th 
to 15th centuries. Starting in the 16th century, 
and especially in the 17th century, during Abu 
al-Ghazi Khan’s rule, and also in the early 19th 
century during Muhammad Rahim Khan’s rule, 
vast irrigation works in the oasis were carried out 
again. These are the most fundamental milestones 
in the development of Khorezmian irrigation 
identified by S. P. Tolstov in 1948.

Widely using the data of the historical dynamics 
of irrigation in Khorezm and some other regions 
of Central Asia, S. P. Tolstov, further developing 
the ideas of L. S. Berg, A. I. Voeykov and others, 
convincingly proved that the main reason for the 

formation of the ‘lands of ancient irrigation’ was not 
natural catastrophic changes (progressive drying 
of the Asian continent, change of rivers flow, etc.), 
but, above all, socio-historical factors, political 
and economic crises. At the same time the author 
warned against ignoring natural processes (salting, 
erosion of peripheral parts of cultivated lands, 
moving sands), which in his view “played their 
role, reinforcing the effect of social and historical 
reasons” (Tolstov 1948a:52).

The study of the origin and development of 
irrigation systems allowed S. P. Tolstov to raise 
some important questions on the social history of 
ancient Khorezm: In particular he assumed that the 
huge irrigation network of Khorezm was realized 
entirely in a short time, and he deduced that “only 
a centralized Oriental despotism could create 
the great canals of Khorezm” (Tolstov 1948a:45, 
49). S. P. Tolstov elucidated the historical and 
social conditions of the development of the class 
society in the lower reaches of Amudarya and 
characterized the ancient Khorezmian society as 
an “Oriental variant of the ancient slave-based 
social structure; we can identify it with the words 
‘social-slave-based structure’” (Tolstov 1948a:48; 
compare with Nikiforov 1968:126).

He pointed out the opposite association of the 
development of urban life of a “state, ruled by a 
mighty slave-based aristocracy, on one side, and 
a deeply archaic, stable and old-fashioned social 
system carrying diverse and strong traditions of 
kin system”, on the other (Tolstov 1948a:124).

Considering S. P. Tolstov’s more recent 
publications, in which his views on the history of 
the ancient irrigation systems of Khorezm were 
further developed, the essays of 1952 (Tolstov 
1953a), 1951–1954 (Tolstov 1955a–b) and 
1954 (Tolstov 1955a–b), should be mentioned. 
The general results of the whole Expedition were 
reported here and particularly the archaeological-
topographical unit’s findings (these aimed to study 
and draw maps of canals of the Chermen-yab 
basin on the left bank of the Khorezm and the 
area of Koy-Krylgan-kala, Bazar-kala and Djanbas-
kala on the right bank). The main results of these 
undertakings were reported by S. P. Tolstov 
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and B. V. Andrianov at the first conference of 
archaeologists and ethnographers of Central Asia 
in April 1955 (Tolstov and Andrianov 1957).

The chief research achievements in 1952–
1954 were: 1) the discovery of the irrigation 
system developed at the Tazabagyab and Suyargan 
settlements, which changed the previous con-
ception about the predominance of ‘single’ 
irrigation, kair and basin agriculture among 
the Prehistoric population of Khorezm; 2) 
the dating of artificial irrigation in the lower 
reaches of the Amudarya, which was anticipated 
more than a thousand years in comparison 
with the previous dating; 3) the observation of 
ancient irrigation works of different periods as 
archaeological sites with different morphometric 
and topographical characteristics; 4) the outline 
of the main differences between the Prehistoric, 
Antique and Medieval irrigation systems of 
Khorezm; 5) special table of typical examples 
of irrigation systems and agro-irrigation layouts 
(Tolstov and Andrianov 1957:8–9); 6) finally, the 
identification of qualitative differences in Antique 
and Medieval irrigation systems of Kelteminar and 
Chermen-yab at different periods (Tolstov and 
Andrianov 1957:10).Note 6

This new material was shown in detail by 
S. P. Tolstov in his report (Tolstov 1958:100–142) 
and also in the monographs which were the 
basis for the archaeological literature of the Aral 
Sea (Tolstov 1962a:74–77, 89–96, 246–248; 
315–322). In the first of these writings, the author 
criticized the thesis that the main principles of 
irrigation technique remained unchanged. He 
wrote that new evidence allows us to trace the 
different stages of development of agriculture: 
starting with the nucleation process of irrigation 
canals in the Archaic period; through the heyday 
of Kangju ‘classic’ Khorezm; to the period of the 
Kushan Empire; and further to the Medieval 
feudal period (Tolstov 1958:102).

These ‘epochal’ differences in the irrigation 
techniques of Khorezm are illustrated by specific 
examples of systems from ancient Kelteminar and 
Chermen-yab. In the next section, S. P. Tolstov 
(1958:116–142) discussed the peculiar Medieval 

irrigation facilities of the Sarykamysh depression 
and the Upper Uzboy.

New data on the history of irrigation brought 
S. P. Tolstov, in his report of 1958, to return to 
the main theoretical issues of the socio-economic 
history of ancient Central Asia. According to him, 
“only the accumulation of rich archaeological 
materials, revealing a picture of the economic 
life of Khorezm and indicating a sharp qualitative 
changes taking place between the 5th century 
BCE and the 5th century CE and beyond, allow 
us to say that these are two different social and 
economic formations. In addition, the social order 
prevailing in Central Asia in the second half of 
the 1st millennium CE was undoubtedly feudal, 
whilst the previous one could only have been 
based on slave-ownership. It is impossible to deny 
that our argument was based mainly on indirect 
proof. We do not yet have direct evidence of the 
presence in Khorezm in that period, which we call 
Antique, of significantly developed slave-owning 
relations. Nor do we have it for Central Asia as 
a whole”. And, at the same time, “if there were 
no slave-owning, then the rich irrigation culture 
of the Orient could not have originated” (Tolstov 
1958:103–104, 106).

This point of view was developed by many 
other scientists based on the material of Central 
Asia (M. E. Masson, M. M. Dyakonov, Ya. G. 
Gulyamov, A. N. Bernshtam, etc.)Note 7 and for 
the more ancient agricultural civilizations of 
the Orient (Avdiev 1934; Struve 1934, 1965a, 
etc.).Note 8 In his last work, V. V. Struve wrote that 
“In order to construct the irrigation economy of 
the city-states of Sumer, or any of the nomes in the 
Nile valley, the labor of many slaves was required 
besides the labor of members of the community” 
(Struve 1965b:102). 

The opposite point of view is also well known, 
according to which, in the ancient agricultural 
civilizations (Egypt, Assyria, Babylonia, etc.), 
slave labor played a minor role in agricultural 
production.Note 9 

The research of the Khorezm Expedition, 
before and after World War II, reported in Ya. G. 
Gulyamov’s and S. P. Tolstov’s works, indicated 
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that the ‘lands of ancient irrigation’ of the Aral 
Sea were not only a huge reserve with many 
hundreds of sites of different periods, but also 
a unique ‘museum’ on the history of irrigation 
techniques. All these factors contributed to the 
further development of archaeological research 
in ancient irrigation works in the Aral Sea area, 
especially after the 1950s, when the history of the 
hydrographic network of the deltaic areas of the 
Amudarya and the Syrdarya were at the center of 
the Khorezm Expedition work.

Chronology of Research
The task of the archaeological-topographical unit 
was to survey systematically the ‘lands of ancient 
irrigation’ and to map the ancient irrigation 
systems of the Aral Sea based on aerial methods. 
Moreover the task was also to reconstruct in 
detail the development of irrigation in this area, 
from its origin in the Bronze Age to the systems 
of modern times (settlements abandoned by the 
Karakalpaks and Turkmens in the 18th–19th 
centuries).

The Archaeological and topographical 
research started in 1952 (August 10–October 15) 
on the right bank of the Amudarya in the basin 
of the Chermen-yab revealed the correlations 
between the Antique and Medieval parts of the 
canals (for a total amount of 120 poisk) (Tolstov 
1953a:179–181; 1955b:204–206; 1958:112–
114; Andrianov 1958:311–317). The following 
year, in the spring of 1953 (April 20–May 30), 
the field survey in the environs of Koy-Krylgan-
kala provided the possibility to trace and to 
draw maps with the direction of the Archaic 
Kangju-Kushan and Afrigid canals of the ancient 
Kelteminar canal (poisk 1–408). On the left bank 
of Khorezm (June 2–October 3), in the dry river-
bed of the Daudan, the river-heads of the Archaic 
and the Kangju canals were researched, as well 
as the Kushan riverbed connecting them; and, the 
later Khorezmshah main canal of Chermen-yab. 
Around the ruins of Shakh-Senem, integrated 
soil-archaeological investigations were carried 
out (poisk 1–437) with the participation of N. I. 
Bazilevich and the botanist L. E. Rodin (Tolstov 

1955b; Andrianov, Bazilevich and Rodin 1957; 
Andrianov 1958b).

In 1954 (July 15–September 1) the team 
continued to investigate the lower reaches of 
the ancient Kelteminar where, for the first time 
in Khorezm, Bronze Age irrigation works were 
discovered, and the agro-irrigation layout and 
farmsteads of the Antique period were also 
mapped (poisk 409–719). On the left bank of the 
Amudarya the canals near Kyuzeligyr were studied 
(poisk 438–448) (Tolstov 1955a:97–98, 100:fig. 10; 
1955b; 1959a:10–11; 1962a:74–75, 76:fig. 34, 77; 
Tolstov and Andrianov 1957:5–9, Pls. Istoricheskoe 
razvitie irrigatsionnikh sistem Khorezma – Historical 
development of the irrigation system of Khorezm; 
Tolstov and Kes 1960:132–135).

In 1955 (July 16–September 28) on the right 
bank of the Amudarya, the ancient Kyrk-Kyz 
canal from the ruins of Guldursun to Big Kyrk-
Kyz was researched: a wide Kangju-Kushan and 
a narrower Afrigid riverbeds were revealed (poisk 
720–1012). On the left bank (September 29–
October 25) the study of the abandoned Turkmen 
settlements and irrigation works at the Daryalyk 
was started (poisk 449–519): the Antique fortified 
settlements of Kaladjik, Kurgan-kala and Butentau 
2 were detected (Andrianov and Vasileva 1957, 
1958; Tolstov and Andrianov 1957; Tolstov 
1959a:25; Andrianov 1959a:143–146; Tolstov 
and Kes 1960:191–192, 201–204, 146–147: 
Geomorfologicheskaya i arkheologicheskaya karty 
prisarykamishskoy delty – Geomorphological and 
archaeological map of the Sarykamysh Delta).

The team continued the mapping of the ‘lands 
of ancient irrigation’ on the right bank in 1956 
(July 30–September 25). Here the Medieval 
system of Gavkhore was studied; the open 
canals and settlements of the Amirabad period 
(Kavat 1, 2, 3) as well as the Antique fortified 
settlements of Tash-Kyrman and Kazakly-Yatkan 
were investigated (poisk 1013–1195) (Tolstov 
1959a:25–26; Andrianov 1959a: 146–149, and 
Plan okrestnostey Kavat-kaly – Map of Kavat-kala 
environs; Tolstov and Kes 1960:135). Since 1956 
(August 1–September 30) work began around 
Barak-tama in the dry riverbed of the Northern 
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Akchadarya Delta and in the Lower Janydarya, 
where the Karakalpak irrigation systems and 
abandoned settlements were studied (poisk 1–115) 
(Andrianov 1960a).

In 1957 (August 1–September 30) began the 
research in the peripheral parts of the right bank 
of Khorezm, near Dingildje, Kurgashin-kala and 
Toprak-kala. Not far from the Afrigid castle of 
Yakke-Parsan, the remains of a village and canals 
of the Amirabad period (Yakke 2) were discovered 
(poisk 1196–1558). In the same year (October 
1–26) in the lower reaches of Syrdarya the study 
and mapping of the Karakalpak was carried out 
on the Medieval irrigation systems along the 
riverbed of the Janydarya from Kly to Chirik-Rabat 
and Babish-Mulla. In that region, during the 4th 
to 2nd centuries BCE, irrigation was based on 
deltaic regulated channels, natural reservoirs and 
small ditches (poisk 116–311) (Tolstov, Vorobeva 
and Rapoport 1960:22–23, 40–43, fig. 30–31; 
Andrianov 1960a; Tolstov 1961a:123, figs. 1–2).

During the expeditions of 1958 (July 23–
August 30) on the left bank of the Amudarya, the 
river-heads and the course of canals of the 
Archaic and the Kangju periods were traced on 
the land between the Northern (Budjunuyu 
Daudan) and Middle Daudan; canals of different 
periods of the Shamurat system were uncovered 
(poisk 520–687). The archaeological-topographical 
research in the lower reaches of the Syrdarya 
(September 5–October 20) discovered the north-
ern border of the irrigation systems of the 4th to 
2nd centuries BCE near Babish-Mulla. The zone 
of the Karakalpak irrigation on the Kuvandarya 
was mapped, as well as the southern parts of 
Djety-asar (poisk 312–536) (Tolstov 1961a:fig. 1; 
1962a:fig.72; Tolstov, Jdanko and Itina 1963:18–
20, 34, 83, and fig. 12: Karta rabot Khorezmskoy 
ekspeditsii na drevnikh protokakh Syrdary – Map of 
the work of the Khorezm Expedition in the 
ancient branches of the Syrdarya; Tolstov 1962a: 
283, 306–311).

In the spring of 1959 (April 20–May 10), 
with the Dingildje team (directed by M. G. 
Vorobeva), I carried out a survey of the irrigation 
near Dingildje (poisk 1559–1598). In the autumn 

of the same year (July 15–September 15) the 
archaeological-topographical unit continued to 
study the irrigation system on the left bank of the 
Upper Chermen-yab as well as the lands between 
the rivers Daudan and Daryalyk; study of the origin 
of Antique and Medieval Chermen-yab (poisk 
688–846). An Archaeological reconnaissance 
was carried out by N. N. Vakturskaya on the 
sites of Zamakhshar, Daudan-kala and Ak-kala, 
and by O. A. Vishnevskaya on Medieval rural 
sites (Vakturskaya 1963; Vishnevskaya 1963). 
In 1959 (October 1–20), in the Lower Syrdarya, 
a large survey team (directed by S. P. Tolstov) 
researched the sites and the irrigation works of 
the Middle Inkardarya; kurgans, and sites of the 
‘shlakovye kurgany’ (slag-covered kurgans) culture, 
the group of sites of Balandy and the Medieval 
settlement at Uygarak were discovered. Groups 
of kurgans were found after the aerial surveys 
of tumuli groups at Tagisken and Uygarak; N. I. 
Igonin produced aerial photos of settlements and 
irrigation systems (poisk 1–73) (Tolstov, Jdanko 
and Itina 1963:20, 32–33, 47–50, 83–85, figs. 12, 
32; Tolstov 1962a:170–186; Tolstov, Andrianov 
and Igonin 1962:9, 10:fig. 4; Igonin 1965:257).

In 1960 (August 8–October 10) a large 
expedition (directed by S. P. Tolstov) continued 
working in the Upper Inkardarya; a group of pre-
Mongol Medieval fortified settlements (Zangar-
kala, Sarly-tam-kala, etc.) were found; irrigation 
works, in particular the Asanas-Uzyak canal, were 
investigated; aerial surveys were carried out and 
photos taken (poisk 1–46) (Tolstov, Jdanko and 
Itina 1963:33, 79–82 Tolstov 1961a:144–146; 
Tolstov, Andrianov and Igonin 1962 Tolstov 
1962a:278–281, 284–286, 291).

The survey of the archaeological-topographical 
unit in 1961 (April 25–May 20) in the ‘lands of 
ancient irrigation’ on the left bank of Khorezm 
revealed several Medieval sites, canals, dams, 
reservoirs and pits for chigir installation, west of 
Yarbekir-kala. N. N. Vakturskaya discovered the 
craft settlement of Shekhrlik, dated from 13th to 
15th centuries (poisk 847–933) (Tolstov and Kes 
1960:196–204; Tolstov, Jdanko and Itina 1963:21; 
Vakturskaya 1963:45–53). In the autumn of 
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the same year (September 5–October 15) the 
archaeological-topographical unit, as part of a 
larger group (directed by S. P. Tolstov) including 
also a geomorphological unit from the Institute 
of Geography (directed by A. S. Kes), continued 
to collect data for the archaeological map of the 
lower reaches of the Syrdarya; surveys were 
carried out along the dry riverbeds of the Upper 
Inkardarya, the Janydarya and the Mayliuzyak, 
where Medieval (Khodja-Kazgan 1, 2, 3) and 
late Karakalpak fortified settlements (Khatyn 1, 
2, 3) were discovered and studied. The survey of 
Asanas (Ashnas) followed the meandering canal 
of the Asanas-Uzyak. Field work was completed 
with an aerial reconnaissance and aerial photos of 
sites and canals (poisk 1–67) (Tolstov 1962a:278, 
281–282, 311–312; 1962b:145–148; Tolstov, 
Jdanko and Itina 1963:79–90).

In 1962 (September 8–October 20) the 
survey unit (directed by S. P. Tolstov), including 
the geomorphological unit (directed by A. S. 
Kes), worked in the environs of Asanas and on 
the eastern sites of the Djety-asar culture, where 
features of Medieval irrigation, dams, reservoirs 
and canals were studied. In Saykuduk, artificial 
reservoirs were found. Aerial reconnaissance and 
photos were carried out at the beginning and at 
the end of the season (for a total number of 100 
poisk) (Igonin 1965:258).

Field research in 1963 (September 13–
October 11) also started with an aerial survey. As 
part of a larger team (directed by S. P. Tolstov), 
aerial reconnaissance and photography were 
carried out in the southeast border of Ustyurt, 
the Janydarya and the Kuvandarya basins, 
around Kesken-Kuyuk-kala, where settlements 
and irrigation were studied. Together with a 
geomorphological unit (directed by A. S. Kes) 
the team visited the southern system of the dry 
riverbeds northwest of Chirik-Rabat. At the end 
of the season an aerial survey was undertaken in 
the Middle Syrdarya, and Mayram-Tobe and Kyr-
Uzgent (for a total number of 120 poisk).

In 1964 (September 4–15) the archaeological-
topographical unit discovered and studied 

the remains of irrigation works in the area of 
Tazabagyab northeast of Djanbas-kala (poisk 
1599–1640) (Itina 1967:73–79; 1968:76; Tolstov, 
Itina and Vinogradov 1967). During the survey on 
the left bank of Amudarya a kurgan and a fortress 
were found in Tuzgyr; the Antique and Medieval 
irrigation works were studied (poisk 934–981), N. 
I. Igonin and B. V. Andrianov carried out the aerial 
survey and photos.

The research on the Lower and Middle 
Syrdarya in 1966 was undertaken by the Syrdarya 
team of the Khorezm Expedition, together with the 
team from the Institute of Geography (directed 
by A. S. Kes). Additional material characterizing 
the irrigation in Djety-asar was collected. In the 
lower reaches of Sarysu and Chu some abandoned 
Kazakh settlements were discovered and, in the 
Middle Syrdarya, Antique and Medieval sites 
were investigated. The work in Oguz-sai revealed 
a massive system of Medieval canals (poisk 1–140) 
(Tolstov, Itina and Vinogradov 1967:307).

During 14 field seasons (1952–1964) the 
archaeological-topographical survey covered 
the ‘lands of ancient irrigation’ on the right 
bank of Khorezm (1,640 poisk were marked), 
the Sarykamysh Delta on the left bank of the 
Amudarya (981 poisk) and the huge area of the 
lower reaches of Syrdarya, from its source to 
Turkestan in the east and the Aral Sea in the 
west. There several areas were studied by the 
archaeological-topographical unit as well as the 
large survey team, under the direct supervision 
of the head of the Expedition, S. P. Tolstov (not 
less than 1,000 poisk).Note 10 In many areas, the 
engineer-geodesist N. I. Igonin, provided aerial 
plans of different irrigation systems and ancient 
irrigated lands near several large settlements. 
The field work combined with the wide use of 
aerial reconnaissance and photography provided 
the possibility to uncover and to study in detail 
the areas of ancient irrigation works in the lower 
reaches of the Amudarya and Syrdarya, It also 
made possible drawing several maps and a general 
layout of the most typical irrigation facilities for 
every historical period.
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Chapter 1 
Ancient Irrigation Study Methods  

Boris V. Andrianov

The creation of irrigation systems is one of the 
ancient arts of engineering. Thus, the specialist 
in irrigation L. V. Dunin-Barkovskiy correctly 
supposed that the historical and archaeological 
study of ancient irrigation works and the history of 
the development of oases are no less important for 
modern irrigation planning than are the studies of 
natural conditions. However, for many regions of 
Central Asia “there are no such data yet. In this 
regard it is impossible to trace the development 
of irrigation techniques in a historical perspective” 
(Dunin-Barkovskiy 1960:64–65).

The long-term research of the Khorezm 
Archaeological-Ethnographic Expedition on the 
ancient irrigation of the Aral Sea area provided 
an opportunity to retrace the development of 
irrigation techniques, and thus fill a gap in the 
general history of irrigation development. The 
remains of ancient irrigation canals, the layout of 
fields, and the ruins of rural settlements of different 
periods are spread in the desert for many dozens 
and even hundreds of kilometers, representing 
remains of the material culture of ancient 
farmers. Throughout these remains it is possible 
to ascertain the main stages of development and 
methods of irrigation techniques, which occurred 
in each area with their own specific features.

In all periods, irrigation works met the same 
technical problem: supply water to fields and 
create soil moisture from the flowing water 
of the river. In primitive ‘single’ systems, the 
irrigation was performed by overflow banking 
(flood irrigation); in more complex systems (with 
regular water supply over time and flow rate) it 
was achieved through various hydro-technical 
facilities, such as head intake diversions, main 

canals, distributors, water regulation devices, 
feeders, water lifting systems (e.g., chigir), ditch 
networks, etc. Labor on irrigation networks is 
always determined by many parameters: the 
nature of the water inlet, the size of the main 
canals, the configuration and articulation of the 
irrigation network, the technical facilities to 
regulate the water flow, slope and rate of the 
canals in order to combat salinization, silting and 
waterlogging (Glebov 1938; Kostyakov 1951).

But, in what natural and social-historical 
conditions the irrigation systems of various 
historical periods ‘have worked’? What qualitative 
and quantitative properties they had and what 
was the technical progress of irrigation? It is still 
impossible to answer many questions and this 
largely depends on the poor state of preservation 
of ancient irrigation remains.

In most areas of ancient irrigation, each link 
with the irrigation systems is almost entirely 
destroyed. They are buried under the moving 
sand, having a strange appearance on the takyr; 
the massive 5–6 m high banks of canals have 
been eroded into small hills and riverbeds have 
been covered by colluvial-alluvial sediments; 
field layouts covered by later anthropic and 
cultivated layers or vanished under the inflated 
crust of the solonchak. However, the main enemy 
of ancient irrigation was man himself: because 
of land development, the ancient settlements 
were quickly destroyed; the ramparts and walls 
of dwellings were flattened to the ground, canals 
were reconstructed and fields were ploughed 
anew. The cultural oases of different periods were 
‘layered’ on top of each other, forming a complex 
weave of non coeval units. 
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In modern oases, the ancient irrigation 
facilities have been almost entirely destroyed 
and the heads of canals, water intakes, and other 
hydraulic facilities rebuilt.

Many of the ancient main canals in the Lower 
Amudarya were located in modern contexts 
and cultivated areas. Thus, it is very difficult, for 
example, to solve the question of when changes 
in the water systems deriving from the main 
river course began. Even more complicated is 
to reconstruct the historical topography of the 
oasis as a whole. However, the good preservation 
of some parts of ancient (Prehistoric, Antique, 
Medieval) systems of irrigation might reveal many 
details on the historical development of irrigation 
techniques in the Aral Sea area.

Remains of ancient irrigation works have 
survived to the present because of the desert 
natural conditions, where, the active surface 
destruction and accumulation due to the aeolic 
processes, have created a takyr-shaped ‘protective’ 
crust (Gerasimov 1954) resulting in double lines 
of semi-destroyed embankments of big canals, 
slightly raised above the bottom of main water 
courses; lines of narrow ditches, detected only by 
vegetation, barely visible traces of agro-irrigation 
layouts on the pinkish takyr.

The landscape of abandoned irrigation systems 
strongly differs from the landscape of adjacent 
clay and sand deserts in its typical microrelief, 
the different composition of vegetation and soil 
cover, and the different links between many 
natural features. That is why it is possible to 
assume that the study of the ‘lands of ancient 
irrigation’ is a special case for a wider research 
of the so-called transformed or cultural landscape 
(Saushkin 1946:97ff.; Kabo 1947:5–32; Bogdanov 
1951:303–305; Isachenko 1965: 207–215). The 
complex investigation of cultural landscapes is very 
complicated and it requires an interdisciplinary 
approach combining natural geography and 
human sciences. Their long separation has 
been detrimental to the development of general 
methods of natural-historical research.Note 11 The 
study of areas with traces of ancient irrigation 
systems is impossible without both the close 

contact between historical and natural sciences 
and the combined use of various methods (Tolstov 
1947a:255ff.; Bernshtam 1949:10; Kolchin 
1965:7–26; Andrianov and Tolstov 1965).

The cultural landscape is a complex natural-
historical formation, in which the effects of 
influences of different historical periods are 
gradually accumulated. In every historical period 
the influence of society on the environment 
has been limited by the degree of knowledge 
of natural laws and the level of technological 
development, which in turn was determined 
by the laws of social development. Under the 
influence of different forces, continuous changes 
take place in the environment, the result of which 
have an impact on the earth’s surface, space 
and time. Landscapes have their own history 
(Markov 1951a). The most striking examples of 
human’s historical impact on the environment 
are: the cultural landscapes of oases in desert 
areas; a territory in which thousands of years of 
farmers’ labor changed the topography; creation 
of a strong cultivated and irrigated soil; chang-
ing the water regime, transformation of the 
vegetation and even contribution to changes in 
climate conditions (Georgievskiy 1937:106–123; 
Saushkin 1946:104; Sapojnikova 1951:231). The 
development of cultural landscapes is closely 
intertwined with physical-geographical and social-
historical patterns.

Peculiar formations of cultural landscapes 
preserve their attributes even in a desert cultural 
landscape, i.e., a territory where the cessation of 
economic activities (irrigated agriculture) led to 
the reclamation by the desert. 

Nevertheless, there is no complete restoration 
to its original appearance, so long as human 
activities left indelible traces on its surface in the 
shape of dead oases with ruins of towns, fortresses, 
farms, orchards, fields and irrigation systems 
together with implements and household objects 
(Gerasimov 1937:51–52; Tolstov 1948a:27). 
These traces form a unique cultural landscape 
over vast territories (Letunov 1958:22–23, 175–
176; Rodin 1961:120–123). They are studied by 
archaeologists and provide an excellent source 
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for historical research on the economy, culture, 
and agriculture of ancient people, especially for 
the study of ancient irrigation works, with the 
latter forming a sort of ‘topographical skeleton’ of 
ancient and modern oases in the Aral Sea area.

Already in the early 19th century, Russian 
travelers drew attention to the fact that “a house-
hold in Khiva requires fields and arable lands to 
be very close to dwellings. The watering of fields 
demands close and permanent control. These 
led the people of Khiva to settle in individual 
farmsteads like our khutor. People settled mainly 
near canals and water supply facilities” (ZJ 1838, 
no. 6:334; Shkapskiy 1900:97). The farmers were 
tied to their fields and fields were located away 
from the river, on small canal branches, in the 
middle and lower parts of irrigation systems.Note 12 
These natural geo graphical settlement con nections 
with irrigation (the main topographical skeleton of 
cultural landscapes of the ancient Aral Sea area) 
formed the archaeological basis for dating the 
existence of irrigation systems.

The problem of dating ancient irrigation is 
complicated. If small ditches (feeders) functioned 
several years without change, the main large 
canals did it for several centuries. Dating them 
on the basis of single discoveries or through a 
couple of excavated rural settlements is almost 
impossible, because the ‘life’ of one dwelling is 
significantly shorter than the ‘life’ of a main canal. 
Even more precise archaeological time markers, 
such as coins and so forth, are of little use here. 
According to S. P. Tolstov’s words “the study of 
the ancient irrigation network of Khorezm, as 
well as other regions of Central Asia, is quite 
a complex and hard task. The preliminary 
condition to obtain satisfactory results in this 
work is a fully integrated study of archaeological 
sites located in these ancient irrigated lands...” 
(Tolstov 1948a:38).

It should be remembered that the study 
of irrigation by the Khorezm Expedition was 
preceded by a wide research of rural and urban 
settlements, as well as archaeological digs of the 
most typical sites for each historical period. During 
these years of research, the Expedition collected a 

wealth of material. The archaeological excavations 
of the historical sites of Khorezm and adjacent 
areas, combined with aerial archaeological 
surveys and field research of the ‘lands of ancient 
irrigation’, highlighted the history of material 
culture, settlements, dwellings, household items, 
etc. It also revealed the main stages of economic 
development from the Neolithic culture to the 
rise of feudalism in the Late Middle Ages. The 
study of settlement types, the history of agriculture 
and craft allowed to reconstruct stages of the 
social-economic, political, and cultural history 
of the Khorezm state. The Expedition collected 
a large array of data on the history of the people 
of the Khorezm Oasis and adjacent areas, cover-
ing nearly five millennia, as witnessed by the 
continuity of settlement patterns in the ‘land of 
ancient irrigation’ (Tolstov 1939, 1940a, 1941, 
1945a, 1946a–b, 1947a, etc.).Editor 2 As a result of 
postwar undertakings by the Khorezm Expedition, 
some corrections and additions were made to 
the first classification by S. P Tolstov in 11 main 
cultural stages and published in the 4th Vypusk 
(issue) of the Khorezm Expedition (see Tolstov 
and Itina 1960a), which included the study of 
ceramics from the Prehistoric, Antique, Early 
Medieval (Afrigid), Middle Ages, Late Middle Ages 
and pre-Mongol periods (see Tolstov 1941a:32–
34; Itina 1959a; Vorobeva 1959a: Nerazik 1959; 
Vakturskaya 1959).

Many additions to the classification of Khorezm 
sites and adjacent areas were made in recent 
years (see A. Vinogradov 1957a, 1968; Tolstov 
and Itina 1960b; Tolstov 1962a–b; Levina 1966, 
1967; Itina 1967; etc.).Editor 3 The fundamental 
publications of the results of many years of 
excavations of the outstanding sites of ancient 
Khorezm such as Koy-Krylgan-kala, Toprak-kala, 
etc. are crucial. Recently, a monograph about 
Koy-Krylgan-kala was published (Tolstov and 
Vaynberg 1967). It confirmed the main work on 
the material culture of Khorezm in the Archaic 
period made previously, as well as it clarified 
the chronological questions of the Kangju period 
ceramics. It distinguishes itself as a pottery class 
peculiar for its light-slip vessels, which is coeval 
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with the common pottery of the Khorezmian 
sites of the Kushan period. Additional work by 
the Expedition archaeologists on the Prehistoric 
(A. V. Vinogradov and M. A. Itina), Early Archaic 
(M. G. Vorobeva), Late Archaic and Early Middle 
Ages (E. E. Nerazik), Antique and Medieval sites 
of the Lower and Middle Syrdarya (L. M. Levina 
and N. N. Vakturskaya), as well as research in 
the fields of numismatics (B. I. Vaynberg), burial 
and cult structures (Yu. A. Rapoport), and trade 
routes (V. A. Lokhovits) will provide future details 
on the general chronological classification in an 
attempt to establish an absolute dating of sites and 
archaeological cultures. 

In order to determine the operational periods 
of the large irrigation systems, the materials 
characterizing the main stages of long-term 
settlements and fortifications in the terminal parts 
of the main canals are important. Based on these 
data, S. P. Tolstov established a general picture of 
historical reduction rates of the irrigation network 
on the right bank of Khorezm. Ya. G. Gulyamov 
outlined a scheme of the Antique and, especially, 
Medieval changes in irrigation systems (Tolstov 
1948a:45–47; Gulyamov 1957:99, 117–120, 162–
163, etc.). The ancient canals entered the desert 
for many tens and even hundreds of kilometers, 
thus the study of fortifications and other large 
sites spread over a wide area is impossible without 
further fieldwork. The abundance of sites and 
the remoteness of the studied desert regions 
cultural oases, led the Expedition to apply new 
technologies, in particular aircraft and aerial 
photography, in the first postwar years (Tolstov 
and Orlov 1948).

Since 1952, the Expedition began to develop 
complex methods of archaeological-topographical 
studies of ancient irrigation based on archae-
ological field surveys and recon naissance, mapping 
of irrigation systems from aerial photography, 
archaeological-topographical (instrumental), and 
morphometric and geo morphological studies of 
ancient irrigation works. Since then the dating of 
irrigation canals and the formation of ‘lands of 
ancient irrigation’ was based on the mapping of a 
large number of archaeological explorations and 

massive archaeological finds. They provided a 
more accurate assessment of the oases main 
periods in ancient times and revealed a pattern of 
coeval sites, topographically connected to the 
studied irrigation systems. The Expedition 
im proved a special method to establish the 
chronology of hydraulic works, closely related to 
archaeological excavations as well as the study of 
different types of material culture (ceramics, glass, 
jewelry, metal objects, arrows, etc.). 

To determine when irrigation systems were 
in use and the dynamics of the ‘lands of ancient 
irrigation’, the materials from field surveys are 
of great importance, especially archaeological 
artifacts (ceramics, beads, coins, etc.), which allow 
to establish the life span of single areas of irrigated 
oases, to identify a network of contemporary 
agricultural settlements, topographically con-
nected with the studied irrigation systems, and 
indicating when their individual parts were 
functioning. More intensive is the archaeological 
research, more accurate and detailed are the con-
clusions on the historical dynamics of irriga tion 
networks. Thus, during the mapping of the right 
bank of the Khorezm, one of the richest area in 
sites around the Aral Sea, the surveyed sites (per 
unit area) were six times more numerous than 
those in the left bank of the Khorezm and twenty 
times those in the Lower Syrdarya.

Field research was associated with col lecting 
and dating of artifacts, the measurement and 
the excavation of canals, photography, maps 
of both major important irrigation features 
and the most interesting new sites discovered. 
The uniform survey framework (recorded by 
pictures), archaeological finds, diaries, maps and 
photographs (methodically numbered) produced 
quite a precise documentation of these three main 
areas: right bank of Khorezm; left bank of Khorezm; 
Lower Syrdarya. The collection of scattered 
surface finds by the archaeological-topographical 
field unit was studied, in many cases, by other 
members of the Khorezm Expedition who were 
specialists on this subject. The finds were studied 
both at the Expedition base camp after the return 
of the team from the field and in laboratories in 
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Moscow, where materials (fragments of ceramics, 
coins, arrowheads, jewelry, etc.) were catalogued 
and analyzed.

Of great importance for studying ancient 
irrigation systems are the soil-botanical field 
investigations, which allow to reconstruct the 
geographical environment in which people lived 
during different periods (Andrianov, Bazilevich 
and Rodin 1957; Kes 1958; Zadneprovskiy 
and Kislyakova 1965; Lisitsyna 1963, 1964, 
1965). In combination with the archaeological-
topographical study of this area, the soil-botanical 
unit highlighted the conditions, the nature and the 
extent of agricultural civilizations, where visible 
traces of irrigation systems were not preserved 
on the surface. As an archaeologist looking at the 
rim bends of a clay bowl broken thousands of 
years ago reconstructs its shape and determines 
the age of its production, so a naturalist, studying 
soil layers in an excavated pit, reconstructs the 
anthropic traces or records its undisturbed 
natural structure. According to V. V. Dokuchaev, 
soil represents the natural-historical frame and 
its morphology should reflect the environment 
(vegetation, climate, water regime), in which 
it was developed. A soil, cultivated in the past, 
preserves forever in its structure environmental 
traces (Glazovskaya 1956; Gerasimov 1961). 
Studying the section of buried soil and analyzing 
its composition in the laboratory, its relative 
humus content (characterizing the cultivated soil), 
and salts, it is possible to reconstruct in great detail 
the geographical landscape and the conditions of 
agricultural activities.

The integrated archaeological and soil-botanic 
research was started by the Khorezm Expedition 
in 1953, when the soil scientist N. I. Bazilevich 
and the botanist L. E. Rodin (Andrianov, 
Bazilevich and Rodin 1957) participated in 
the archaeological-topographical survey of the 
lands of ancient irrigation on the left bank of 
the Amudarya. Test trenches in the region of 
the Shakh-Senem fortress ruins, under the 
ancient agro-irrigation, revealed buried tugai soil 
formed from layered alluvial deposits carrying, 
in the majority of cases, traces of waterlogging 

and over-wetting, which took place in the most 
ancient Sarykamysh Delta region. These features 
indicated the existence in this place of active delta 
riverbeds during historical periods.

The existence of a long agricultural period, the 
presence of agro-irrigation soil layers and stages 
of landscape evolution due to human activities 
can be traced through changes in sediments’ 
lithology; former cultivated soil emphasizes 
humus distribution (its highest amount is in the 
ancient agro-irrigation horizon) and salt.Note 13 

The study of soil profiles can reveal the stages 
of evolution of the natural environment in the 
region and, together with archaeological data, 
allow the reconstruction of the ancient landscape 
appearance.

Mapping Irrigation Networks  
and Aerial Methods
The work of mapping and classifying archae-
ological, remains, to produce detailed maps 
and plans, has gained great importance in 
the modern progression of the archaeological 
science, when huge archaeological material have 
accumulated and archaeologists of different 
branches have passed from the study of single 
features of material culture to dealing with wide 
historical-geographical issues and the continuous 
archaeological survey of wide regions.Note 14

Mapping, the most effective method to study 
ancient irrigation systems, requires usually a large 
spatial extension. It is hard to chronologically 
differentiate irrigation systems by period, or to 
reconstruct the historical dynamics of ancient 
irrigation, without plans and maps providing in 
detail the configuration of irrigation systems and 
the location of the main waterways, distribution 
devices, secondary canals, etc. in relation to 
the sources of water supply and the large, well-
studied, archaeological sites. On archaeological-
topographical maps (at scales 1:25,000, 1:50,000, 
etc.) it is possible to assess different measure ments, 
linear distances as well as areas of the territories 
occupied by irrigation systems and farms of 
different historical periods. Maps can reveal the 
natural connection of ancient hydro-technical 
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works with relief, terrain slope, modern land 
cover, etc. Aerial methods play a special role in 
the creation of such maps. The mapping of vast 
territories and the extensive study of the ‘lands of 
ancient irrigation’ most ancient irrigation works, 
cultural landscapes and detailed studies would 
be impossible today without aerial mapping (see 
Tolstov, Andrianov and Igonin 1962; Igonin 
1965; Andrianov 1965). Maps and plans drawn 
from aerial photographic surveys are much more 
accurate and detailed. They provide the possibility 
of obtaining a vast amount of features, to answer 
some questions on the history of settlement 
typologies, to carry on analyses on agricultural 
production, etc.

Aerial surveys have provided invaluable 
support for archaeological and topographical 
fieldwork. They facilitated the exploration and 
the ‘bird’s-eye’ observations of invisible or barely 
visible sites and traces of canals, distinguishing 
them from the surrounding landscape according 
to their geometric features. Such aerial methods 
provide an objective and a complete documented 
overview of irrigation systems, which may not 
be clearly traced on the ground because of their 
state of preservation. The burrowed banks of 
canals were flattened and the riverbed filled by 
sand. According to archaeologist V. A. Shishkin, 
who first applied aerial methods in 1934 to study 
the environs of Termez and Bukhara, “the traces 
of irrigation canals, even the largest, gradually 
disappear under the accumulation of sand dunes 
and under the barchans and they are sometimes 
dispersed by wind or eroded away by water. 
Finding continuity of such vanished canals, even 
when they are one or two hundred meters long, 
is an extremely difficult task” (Shishkin 1957:62).

In these cases, only mapping from aerial 
photographs can capture the overall topography 
of ancient irrigation systems.

The importance of aerial methods in the 
archaeological study of ground surface is so great 
that there should be more detailed information on 
the history of their development (S. Pavlov 1934; 
V. Pavlov 1950; Crawford 1953, 1954; Chevallier 
1957, 1961a; Bradford 1957) as well as their 

use by the Khorezm expeditions. The history of 
‘aerial archaeology’, i.e. archaeology using vertical 
aerial photography and observation in the study 
of archaeological sites, is inextricability linked to 
the origin and development of aerial photographic 
methods applied to the topographical study of the 
ground (Beazeley 1919; Daniel 1950:294–302).

The first aerial photographs for archaeological 
purposes were made in 1906 by Lieutenant P. 
Sharp who photographed Stonehenge from a 
balloon. During World War I, military intel-
ligence services played an important role in the 
development of methods of aerial photography 
and their interpretation (Schuchhardt 1918).

G. A. Beazeley, an aviator of the British 
air detachment, during the aerial survey of 
Mesopotamia, discovered traces of many ancient 
canals, karez, dry riverbeds and remains of 
settlements near Baghdad (Beazeley 1919, 1920). 
G. A. Beazeley’s observations were essentially 
the first attempt to use aviation in the study of 
ancient irrigation systems. In the same years, a 
German, Theodor Wiegand, conducted an aerial 
photographic reconnaissance around the Suez 
Canal and made photographs of archaeological 
sites (Mischrefe, Sbeita, etc.) with neighboring 
fields and different hydraulic devices.

Further development in ‘aerial archaeology’ 
occurred between the two World Wars associated 
with the names of the British O. G. S. Crawford 
and the French A. Poidebard. Their developments 
in aerial field research in the early 20th century 
followed their well-known passion in research 
issues related to geography, which is reflected 
in the works by J. P. Williams-Freeman, G. R. 
Johnson and A. H. Allcroft. In 1921, O. G. S. 
Crawford published a book entitled Man and 
His Past, which summarizes the possibility of a 
geographical approach to primitive and ancient 
British history.

O. G. S. Crawford’s work in ‘aerial archaeology’ 
began in 1922 with the aerial photographs of 
Hampshire, where fields of the Roman period 
were revealed. In 1924, O. G. S. Crawford and 
A. Keiller made hundreds of vertical aerial 
photographs of several areas of England during the 
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rainy season. This work represented the basis for 
creating and publishing in 1928 the first scientific 
monograph on ‘aerial archaeology’, Wessex From 
the Air (Crawford and Keiller 1928). Using aerial 
photography, O. G. S. Crawford discovered, 
under ploughed and sown fields, traces of ancient 
burials, settlements, cult buildings, Celtic and 
Saxon agricultural villages and fields. It is known 
that shades of vegetation on crops depend on the 
nature and the permeability of the soil, therefore, 
in places with buried structures, the color green is 
lighter and, by contrast, in the hollows of ancient 
canals, roads, and ditches, which accumulate 
more moisture, the soil color is darker and 
the vegetation thicker (Crawford 1923, 1924, 
1929a–b).Editor 4 

O. G. S. Crawford outlined the following 
classification of archaeological sites: 1) sites 
preserved in elevation that are clearly visible on 
the ground; 2) sites that are largely damaged and 
are recognizable on the ground only through 
ramparts and ditches; they also include agri-
cultural layouts; 3) sites very badly recognizable 
with field survey, plowed and buried under layers 
of modern crops and stratifications, thus disclosed 
only by the color of soil and vegetation (Crawford 
1953:43–50).

In 1930, pilot Major G. W. Allen, with a 
handheld aerial camera, made several thousand 
perspective aerial photographs of England 
and drew the attention of archaeologists for 
their valuable qualities of disclosing sites in a 
volumetric perspective. During the same year, 
in America, perspective aerial photographs and 
aerial observations were specifically used for the 
study of ancient irrigation systems in the valleys 
of the Salt and Gila rivers (see p. 105).

The studies of ancient irrigated land and 
ancient irrigation systems began with H.A. 
Beazeley in the classic ancient Orient and were 
successfully continued in 1929 by the above 
mentioned O. G. S. Crawford (1929a:342, 
1929b:497–512). He made a series of vertical 
aerial photographs that became the basis for 
the photomosaics of the environs of Samarra 
and the Nahrwan canal at a 1:5,000 scale. In 

these photomosaics, the banks of a huge ancient 
canal, surrounding the well preserved walls 
of the early Medieval capital of the Abbasid 
caliphate, Samarra, are clearly visible (Crawford 
1953:212–213). These photomosaics were 
successfully used by Ahmed Susa, an historian of 
Iraqi Medieval irrigation, who in 1948, pub lished 
two volumes on the major irrigation work on the 
environs of Samarra during the Abbasid period. 
The work was illustrated by a large number of 
maps and plans of different hydraulic devices 
(Sousa 1948).

A wider scale study area of ancient irrigation in 
the Near East, with the help of aerial methods, was 
realized by A. Poidebard, whose task was to map the 
system of Roman military fortifications and trade 
routes in Syria which connected Mediterranean 
ports with Mesopotamia (Poidebard 1929a–b, 
1932, 1934; Mouterde and Poidebard 1945). 
The aerial observations were fully con firmed by 
archaeological field surveys and excavations.

Independently from O. G. S. Crawford, A. 
Poidebard arrived approximately at the same 
conclusions about aerial photography methods 
for archaeological purposes. He noted that the 
clearest photographs of the archaeological sites 
were obtained in autumn, when the first rains of 
the season cover the steppe with new vegetation, 
whose shades vary depending on the nature of 
the underlying soil. Where hidden building stone 
foundations, roads, and any other structure lie 
buried under the ground, the vegetation is lighter 
and the layouts are marked by a lighter shade. 
Beds of ancient canals and defensive ditches 
differ, in their darker color, from the surrounding 
areas. The best time to shoot the badly preserved 
remains is in the morning or evening, when the 
oblique exposure highlights and even slightly 
exaggerates small ground unevennesses. 

A. Poidebard developed a system using 
different aircraft altitudes (it is believed that 
the most suitable height for reconnaissance is 
200–600 m) to obtain pictures at different scales 
relative to the problem of the archaeological area 
of study. He also applied perspective photography 
from a low altitude (60–200 m) with objects taken 
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against the sun so to provide a better elaboration of 
the microrelief. As we shall see below, this method 
was widely used in the aerial reconnaissance of 
largely damaged archaeological sites, especially 
in desert irrigation systems (Tolstov and Orlov 
1948:60). 

A considerable archaeological work with 
botanists and geologists was conducted in the 
desert areas of Syria, Jordan and Iraq in 1925–
1950 under the direction of G. Field (1960). 
In the 1930s, the study of defensive walls, 
stone roads, aqueducts and mountain irrigation 
systems was started in the valley of Cuzco using 
aerial methods (see Johnson and Platt 1930; 
Shippee 1932).Editor 5 

In the late 1930s, Americans organized a large 
aerial archaeological expedition in Iran, directed 
by archaeologist E. F. Schmidt (1940). Throughout 
this aerial survey (1935–1937), E. F. Schmidt 
covered vast areas of ancient irrigation.

An important stage in the development of 
aerial methods after World War II is associated 
with the improvement of automatic photographic 
equipment, the use of stereoscopic effects by 
overlapping images and the panoramic coverage 
of vast territories (Reyzer 1959).

In England, the development of ‘aerial 
archaeology’ successfully continued after O. 
G. S. Crawford with John Bradford, a former 
military decipherer, who, in 1957, published 
a large monograph on aerial photography, 
Ancient Landscapes, beautifully illustrated with 
aerial photographs. J. Bradford, continuing the 
tradition of classic British archaeology, considered 
as the main task of ‘aerial archaeology’ the 
reconstruction of the general appearance of 
ancient cultural landscapes, where the use of aerial 
photography is closely linked with archaeological, 
historical and natural-geographical methods 
(Bradford 1957:1–84; Fox 1943). According 
to J. Bradford, ‘aerial archaeology’ cannot be 
separated from field archaeological work and 
historical research. It must be combined with the 
study of written sources (for instance, the Roman 
descriptions of agriculture) dealing with modern 
and ancient history of settlements, and should also 

be associated with geography and geology, related 
to the natural history of the investigated areas. 
Important additions to ‘aerial archaeology’ are the 
different new methods of natural and technical 
sciences (soil, geochemical, etc.).

The purpose of ‘aerial archaeology’ is to detect 
new, unknown sites and provide detailed plans. 
According to J. Bradford, it is important to combine 
vertical and perspective aerial photography, 
because oblique images give a good overview of 
a site general shape while vertical photography 
is used to draw a detailed plan. A series of 
stereo-paired photographs allow us the three-
dimensional study of many-times resized models 
of a site. Aerial photographs covering a large area 
(depending on scale) provide an opportunity to 
study the site in connection with the surrounding 
landscape, and to reveal the historical changes 
of natural conditions (movement of river banks, 
riverbeds, sand, etc.).

J. Bradford improved the techniques proposed 
by O. G. S. Crawford, in the study of hidden, 
buried and plowed archaeological sites, which are 
particularly frequent in Western Europe where 
the ‘cultural landscapes’ of plowed fields, gardens, 
parks, etc., prevail (Figure 1). The study of ‘crop-
sites’, i.e. archaeological sites detected by soil color 
and vegetation, and sites buried under layers of 
modern cultivation (‘shadow-sites’), occupy an 
important place in the methodological section 
of J. Bradford’s monograph Ancient Landscapes 
(1957). This work is very remarkable because it 
summarizes the experience of many countries 
in Western Europe that have employed aerial 
methods and it contains a large bibliography.

The successful investigation by A. Poidebard in 
Syria in the 1930s was continued in 1954–1955 
by archaeologists W. J. Van Liere and J. Lauffray 
(Van Liere and Lauffray 1954–1955), who were 
commissioned by the Ministry of Agriculture to 
undertake aerial photographic interpretations of 
the Upper Jazirah (scale 1:20,000).

The work of archaeologists was devoted to 
reveal sites and hydraulic works of different 
periods. They noted that in the photographs many 
canals, and roads, were distinguishable by dark 
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lines. However, the roads crossed all the uneven 
ground contours (sand dunes, dry wadis, etc.) 
whereas the canals followed, with a meandering 
direction, the optimal slope of the area. Irrigation 
basins, with main canals, distributors and irrigation 
ditches, form a clear system, topographically 
linked with fields and settlements. In the Khabur 
River scholars identified two types of ancient 
irrigation works: 1) small local systems (designed 
to lift water through noria); 2) large canals 
irrigating land above the second terraces. The 
length of the four major canals was from 12.5 to 
35 km. They irrigated 18,400 ha.

The 1954–1955 work in Syria and, especially, 
the work in Iraq in the Diyala River basin in 
1957–1958 (Jacobsen 1958), was connected not 
only with a scientific archaeological study of the 
area, but also with the practical economic task 
of rehabilitating the irrigation in these ancient 
irrigated lands. In the Diyala River basin, Iraqi 
archaeologists and scientists from the Oriental 
Institute of Chicago University collaborated in 
an integrated archaeological and soil-botanical 
research of ancient irrigation systems and 
settle ments in order to identify the historical 
abandonment and salting of those vast areas 
(Jacobsen 1958; Andrianov 1960b).

The study of the historical dynamics of 
irrigation systems, the location of settlements in 
different periods, the spread and production of 
agricultural crops and also the identification of 
salted areas were based on the uninterrupted 
archaeological mapping survey from aerial 
photomosaics and from single test trenches (see 
also Adams 1958, 1965:119–125). Based on the 
recent publication of materials of R. McC. Adams’ 
expedition, 867 large and small settlements were 
investigated and dated (Adams 1965). This book 
contains many drawings of hydraulic facilities and 
archaeological canal sections (Adams 1965:figs. 
17–22). Particularly interesting is the description 
of the historical dynamics of irrigated areas and 
settlements of different periods from paleo-
demographic material, such as the diagram 
of changes in population in the Diyala Basin, 
and the relationships between urban and rural 

populations from the 4th millennium BCE to 
1957 (Adams 1965:115:tab. 25).

Very particular systems of irrigation, based on 
seasonal mudflows, were discovered in the deserts 
of Southern Arabia. To these irrigation facilities, 
functioning from the 7th century BCE to the 1st 
century CE, is dedicated the thorough essay by 
Richard LeB. Bowen in the book Discoveries in 
South Arabia (Bowen and Albright 1958).

In the late 1950s and early 1960s, ‘aerial 
archaeology’ was largely spread in Europe and the 
Mediterranean Sea in connection with a special 
branch of Western European archaeology, the 
so-called ‘agricultural archaeology’.

This direction is now being successfully 
developed in England by M. W. Beresford, M. J. 
Yates, J. K. St. Joseph, etc. M. W. Beresford’s work 
concerns the geography of rural populations and 
the problem of  ‘depopulation’ of villages (Beresford 
1954). J. K. St. Joseph continued the research on 
ancient fortifications and settlements in the central 
regions of England started by O. G. S. Crawford 
(St Joseph 1945; Beresford and St. Joseph 1958).

In France, aerial methods were widely pro-
moted by the well-known specialist in this field, R. 
Chevallier, who headed a commission on deco ding 
in the International Society of Photogrammetry. 
She published several books about the use 
of aerial methods in archaeology (Chevallier 
1957, 1963, 1964a) and also a bibliography on 
this matter (Chevallier 1957, 1963). Some of 
R.  Chevallier’s articles are devoted to the topic 
of agricultural archaeology in Europe and North 
Africa (Chevallier 1961a–b, 1964a).

The author noted that, from systematic 
photographs and laboratory work, it is possible 
to recognize agro-irrigation layouts, their size, 
shape and orientation in relation to other land-
scape elements. These data can identify types of 
agricultural development of different places in 
different periods.

In 1963, on the initiative of R. Chevallier, 
Paris hosted the International Conference of 
Aerial Archaeology (AACI), which was attended 
by specialists from almost all of the European 
countries.Note 15 
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In 1964, on the initiative of UNESCO, a 
conference was organized in Toulouse to discuss 
the use of aerial methods in the study of natural 
resources. At this conference, R. Chevallier 
provided a special report about the achievements 
of agricultural ‘aerial archaeology’ (Chevallier 
1964b).

In the USSR, the beginning of aerial 
archaeology took place in the 1930s. In 1934, S. 
N. Pavlov published an article with an overview 
on the use of aerial photography in archaeology, 
reporting major information regarding the 
development of this subject (Gaveman 1937; 
Fersman 1939; Pavlov 1950). In 1934, an aerial 
investigation was conducted in Khorezm by the 
staff of the Khorezm Expedition, which carried out 
an aerial survey around Zmukshir, in the Upper 
Chermen-yab and along the Amudarya, coming 
back from Khorezm to Tashkent. According to 
the Expedition head, M. V. Voevodskiy, it “has 
made possible to represent, in a broader scale, 
the interconnection between the early settlements 
and their relationships with the old riverbeds and 
channels of the Amudarya and the preserved 
remains of ancient irrigation systems, clearly 
visible from the airplane” (Institute of Archaeology 
of Moscow, Manuscripts Archive 3, N1:3).

In 1934 the same aerial methods were used 
by archaeologist V. A. Shishkin to study the 
topography of Termez and Bukhara. This research 
was continued in 1950 and V. A. Shishkin 
noted that aerial methods were especially use-
ful for studying ancient irrigation, and one of 
the main tasks of the archaeological study of 
ancient irrigated lands was their mapping using 
photomosaics (Shishkin 1957:62).

As noted above, the widest use of aerial methods 
in the USSR was with the research of the Khorezm 
Archaeological-Ethnographic Expedition. The 
new, postwar, phase of the Khorezm Expedition 
was characterized by a steady excavation of 
large sites (Toprak-kala, Koy-Krylgan-kala, etc.) 
with an extensive exploration of the remote 
outskirts of Khorezm, based on a combination of 
aerial reconnaissance and field surveys (detailed 
observation of sites, prospecting shafts, collection 

of ceramic material scattered on the surface) 
(Tolstov 1946a–b–c, 1948b:25–62).Editor 6 At that 
time, the field survey reached the distant outskirts 
of Khorezm and the surrounding areas (Lower 
Syrdarya, Northern Kyzylkum and Ustyurt). During 
only two field seasons, in 1945 and 1946, aerial 
surveys and investigations by car covered more 
than 15,000 km, crossing the investigated territory 
in different directions and revealing hundreds of 
previously unknown sites, from the ruins of early 
Archaic to late Medieval Karakalpak settlements 
on the Janydarya and the Kuvandarya (Tolstov 
1952a:10).

The work started in 1946 in the Lower 
Syrdarya was continued in 1948, 1949 and 1951. 
In 1947, aerial observation and photography 
were carried out on the left bank of Khorezm 
(Chermen-yab Basin and the northern parts of 
the Uzboy). In 1950 and 1951, the field survey 
covered the whole bed of the Uzboy up to the 
Caspian Sea. In 1952, the Expedition studied 
in detail the Medieval irrigation of the Southern 
Sarykamysh and this work continued (with the 
participation of a geomorphological unit from the 
Institute of Geography of the USSR Academy of 
Sciences directed by A. S Kes) in 1953 and 1954 
(Tolstov 1958:252–253).

During these years, with aircrafts such as 
‘PO-2’, the huge territory of the ‘lands of ancient 
irrigation’ of Khorezm and its surrounding region 
was surveyed. During the flight, perspective 
photographs from the air and observation 
of the territory of archaeological sites were 
carried out, with the purpose of finding new 
archaeological sites. Afterwards, detailed studies 
and measurements were made on sites, together 
with test trenches, collection of surface finds and 
study of ancient irrigation. In order to increase 
the radius of the aerial surveys, the Expedition 
organized some car-equipped teams to move 
along the accessible desert places along planned 
routes. The task of these car-equipped teams was 
to provide the members of the aircraft survey team 
with fuel, technical assistance, as well as water, 
food and scientific equipment.

The experience of the first postwar years 
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allowed to identify the following main aims 
for aerial archaeological work: 1) aerial 
reconnaissance of large areas observed for the first 
time, combined with aerial photography of single 
sites or site complexes; 2) aerial photography, to be 
carried out in places where the preliminary survey 
or field observations already discovered a system 
of sites, settlements, ancient roads or canals; 3) 
detailed observations and aerial photography of 
individual sites (Tolstov 1948b:38–39; Tolstov and 
Orlov 1948:60ff.).

During the aerial survey, it was possible to 
enhance the topographical location of sites of 
different sizes and to obtain photos at different 
scales. For the large sites identified, three main 
altitudes were planned: 1) from 2,000 to 1,000 
m; 2) from 600 to 300 m; 3) from 300 to 130 m. 
Based on aerial research, S. P. Tolstov arranged 
and published in 1948 an archaeological map 
of the right bank of Khorezm, in which, together 
with the ruins of cities, fortresses and large 
farms, he also drew some large canals (Tolstov 
1948b:map attached).

Since 1952, the application of aerial meth-
ods has been applied for archaeological and 
topographical investigation of the ‘lands of ancient 
irrigation’ of Khorezm. Aerial photography was 
carried out not only for individual sites and 
archaeological complexes, but also for the vast 
territories with a rich variety of archaeological 
sites and large irrigation systems stretched for 
dozens of kilometers. As a rule, most of the objects 
were shot at a different scale: 1:2,000, 1:4,000, 
and 1:6,000. The largest scale allows us to study 
important details of the whole layout. The small 
scale photography covered a larger territory: the 
relative position of objects is revealed better, which 
is very important for taking photos of irrigation 
systems (Tolstov, Andrianov and Igonin 1962:5–6).

Over the last years, a member of the Khorezm 
Expedition, engineer-geodesist N. I. Igonin, used 
a RMK aerial photographic camera and a specific 
equipped aircraft to vertically photograph single 
irrigation systems and neighborhoods of major 
sites in the ‘lands of ancient irrigation’ on the 
right bank of Khorezm and the basins of the dry 

riverbed of the Syrdarya, such as the Janydarya 
and the Inkardarya (Igonin 1965).

Already the first years of activity of the 
archaeological-topographical unit in the ancient 
irrigated lands in the basin of Chermen-yab, 
on the left bank of Amudarya, and in the basin 
of the ancient Kelteminar, on the right bank of 
Amudarya, produced considerable material on 
the gradual development of irrigation systems in 
the Lower Amudarya from Prehistory, through the 
Archaic period up to the Early and Late Middle 
Ages (Tolstov and Andrianov 1957). An important 
achievement of the archaeological-ethnographic 
unit in this period was not only to further the 
general history of irrigation development of the 
Aral Sea area, but also to improve the technique 
based on the stereo-photogrammetric study of 
vertical paired aerial photographs, their decoding 
in the field and in the laboratory, as well as field 
research, identification and excavation of the 
canals found during the archaeological research.

The harsh climate and landscape conditions 
of the deserts, the survey complex organization, 
the nature of sources employed (aerial) and other 
circumstances determined the following work 
order: 1) preliminary knowledge with different 
materials and interpretation of photographs; 
preparation of plans for field research; 2) 
field observation of specific sites, collection of 
archaeological materials for dating canals, and 
chronological comparison of irrigation systems 
with main sites, where the Khorezm Expedition 
had already carried out excavations; 3) the last 
stage of work in the laboratory included the 
archaeological dating of specific collections of 
material objects (ceramics, coins, arrowheads, 
jewelry, etc.), drawing plans of irrigation systems, 
and producing a scientific synthesis of the results.

The effectiveness of the field survey research 
largely depended on the high quality and thorough 
planning of aerial photography, familiarity with 
written sources, and cartography of the region 
archaeological sites. Aerial surveys usually 
started in areas with known archaeological sites. 
Information from written sources and cartography 
‘were connected’ to the photographs. On the 
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latter, sectors of field archaeological-topographical 
research and field of interpretation of aerial 
pictures were marked. Unknown and undated 
sites and the main key-sectors of irrigation systems 
were also present on aerial photos. Afterwards, 
car-equipped expeditions were planned to these 
points. Their choice took into account the terrain 
conditions and the location of water sources 
required for many travel days, etc.

The work of the field team included the 
archaeological and topographical study of ancient 
irrigation systems, based on topographical surveys 
(instrumental or semi-instrumental) of individual 
irrigation units, the morphometric study of ancient 
irrigation works, and field interpretation of aerial 
photographs. Going beyond the well-known 
methods of common instrumental mapping 
or optical survey of ancient irrigation.Note 16 I 
shall describe the application of morphometry, 
geomorphology and field and laboratory decoding 
of aerial photographs in the archaeological-
topographical practice.

The methods of morphometry, widely used 
for the study of landforms, are very useful for 
measuring the width and length of ancient 
canals, and for revealing the size of sections, river 
banks, etc. However, the researcher meets many 
difficulties in the field: canals banks are mostly 
damaged and riverbeds are frequently only 
traceable as flat clay banks stretching on takyr; 
sometimes there are remains of canals in the 
form of small elongated clay remains among 
sand dunes and hollows, or sometimes only as a 
strip of vegetation or a micro-relief in a clay 
plain.

For an approximate reconstruction of canals 
sizes, transversal sections were used by both 
specialists of geomorphology and hydro-engineers 
(Glebov 1938:185–186, etc.). The preserved forms 
were recorded in scale with instruments and 
optically. Unfortunately, the state of preservation 
did not allow to recognize everywhere the real 
width between river-banks. Because of this, 
frequently both the remains of banks and the total 
width of the preserved riverbed were measured. 
Where possible, these measurements were 

performed in such a way at a determined bank 
height in order to give an idea of the maximal 
water flow. We were only able to guess the depth 
of ancient canals because we had too little data for 
identification (Figure 2).

Several difficulties arose in the study of 
Prehistoric irrigation works, using the aerial 
survey and the field work in order to recognize 
canals along natural landscape features. In 
these cases, the combined archaeological and 
geomorphological studies of ancient hydrography, 
individual relief features and a historical analysis 
of their formation, and the conditions of the 
settlement areas aided this matter (Kes 1958, 
1959). 

A central place in this research is occupied 
by field surveys, and excavations, usually dug 
across riverbeds and canals in order to obtain 
sections.Note 17 Excavations of ancient canals 
had already been undertaken in the early 20th 
century in Mesopotamia by E. E. Herzfeld and, 
in 1934–1935, by the American archaeologist 
H. S. Gladwin in Snaketown, Arizona (Gladwin 
et al. 1937:106). In the Khorezm Expedition, 
such work was widespread in 1952–1954, when, 
under the leadership of A. S. Kes, the study of 
archaeological-geomorphological excavations 
and prospecting test trenches from the earliest 
sites near the graveyard of Kokcha 3 graveyard 
and Bazar-kala began (Tolstov and Kes 1960:figs. 
16, 63, 71, etc.). In the same year, in 1954, the 
archaeological-topographical unit excavated 
the Archaic Kangju-Kushan and Afrigid canals 
near Bazar-kala and Angka-kala (see p. 162). 
During the combined archaeological-geo-
morphological research on the ‘lands of ancient 
irrigation’, the method of approximate dating 
of artificial systems and natural landscapes on 
both geomorphological sections and natural 
morphological features improved.

Interpreting Ancient Irrigation  
with Aerial Photographs
One of the most complicated and important 
tasks in mapping ancient irrigation features is the 
development of the best method of interpretation 
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of vertical aerial photographs. Objectively they 
give a picture of the soil surface sector with its 
natural and cultural characteristic features. All 
these features are represented in aerial pictures 
two-dimensionally and, unlike the perspective 
representations, they have for us an unusual 
layout. Thus, the ability to read and understand 
photos as well as identifying archaeological site 
characteristics required special techniques and 
skills. As we know, the decoding of photographs 
is the process of defining both the contour of 
cultural sites and natural features according to 
their photographic representation and to their 
quantitative and qualitative characteristics, in 
order to reveal the attributes of a certain place 
(Gospodinov 1957, 1961; Bogomolov 1963; 
etc.). In the study of ancient irrigation, aerial 
photographs helped to solve the following issues: 
1) identify the key elements of the natural 
landscape (ancient and modern hydrography, 
typical contour lines, sand massifs, etc.); 2) 
identify remains of ancient town ruins, settlements 
and single dwellings in connection with the 
topography of ancient irrigation networks; 3) 
the main parts of irrigation systems, their head 
and their terminal sectors; 4) areas of irrigation 
systems over different periods, etc.

The desert landscape of ancient alluvial 
plains, on which are ancient irrigation systems, 
is characterized by the association of wide 
takyr areas with low massive sand dunes. The 
terrain is marked by cliffs of Tertiary plateaus, 
depressions of dry lakes, hollows between sand 
dunes, dry paleo rivers and other different 
forms of sand dunes. The main visible feature of 
the contemporary and ancient hydrographical 
network is the distinctive representative outline. 
The ancient hydrography appears in aerial 
pictures in the shape of outstretched light bands, 
delineating old rivers and riverbeds, subsequently 
covered by takyr. They both run like a meandering 
strip, interrupted by sand sediments, and they 
also appear in the form of ‘shifting fans’, created 
by the river because of its gradual spread from 
the main bed.

The sand ridges (barchans, chains, sand dunes 

of the plain, etc.) are marked on aerial pictures 
by a gray shade with a specific pattern. The takyr 
differ for their light patches, sharply bordered by 
the dark-gray shade of the surrounding sands. 
Here prevails a vegetation of Artemisia and 
solonchak-related plants and rarefied black saxaul, 
which replace bushes of white saxaul and desert 
sedge on the sands, and halophytes plants on the 
solonchak. Usually biyurgun (Anabasis salsa) borders 
areas of the takyr, on which developed only films 
of gray-greenish algae (Miroshnichenko 1960, 
1961; Vinogradov 1962).

Geobotanists and hydrogeologists, who 
studied the ancient irrigated lands, noted that 
the consistent change of vegetation groups 
were the result of lowering groundwater levels, 
which in turn depended on the duration of the 
process of desertification. According to L. M. 
Parkhomenko (1949), desertification took place 
in the following stages: irrigated field – fallow with 
weeds – camel thorn – uldruk – saltwort – takyr. S. 
V. Viktorov wrote about the following stages in the 
Kunyadarya plain: 1) a complicated combination 
of bushes and weeds in areas of modern irrigation; 
2) in the territories abandoned 100–150 years ago 
(for example, the environs of At-Krylgan) itsitek 
prevails; 3) in the fallows abandoned 300–500 
years ago (area of Yarbekir-kala) itsitek is replaced 
by saltwort and black saxaul.Note 18

An attempt to link geobotanical and archae-
ological data was undertaken by M. G. Konobeeva, 
a soil scientist from Tashkent (Konobeeva 1965). 
However, she unfortunately did not use the 
detailed archaeological-geomorphological map 
of the Sarykamysh Delta published in the book 
Nizovya Amu-Dari, Sarykamysh, Uzboy (The Lower 
Amudarya, Sarykamysh, Uzboy, Tolstov and Kes 
1960), and also some articles (including special 
soil-archaeological ones) concerning this subject 
(Andrianov 1954, 1955; Andrianov, Bazilevich 
and Rodin 1957; Rodin, 1961).

Based on the Khorezm map of archaeological 
sites elaborated in 1948 by S. P. Tolstov, M. G. 
Konobeeva advanced the following conclusions 
in Table 1.

These data, characterizing the succession 
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(change) of simultaneous vegetation, can be useful 
for interpreting aerial photographs of separate 
sectors of ancient irrigated soils.

In the interpretation of archae ological sites, it 
should be noted that their main discovery feature, 
whose origin is closely connected to ancient 
human settlements, is, with few exceptions, their 
regular and geometric configuration (Mikhaylov 
1959:320; Gospodinov 1957:179). The majority 
of archaeological sites have a shape, a size and 
a color, that produce quite a definite pattern on 
aerial photographs. On the basis of characteristics 
revealed by photographs, the archaeological sites 
of the ancient irrigated land of Khorezm belong 
to three main groups: 1) areal (large settlements, 
cities, fields, vineyards, etc.); 2) linear (canals, 
roads, fences); 3) point or compact (single 
buildings, kurgans, towers).

The photographic image of ancient settle-
ments and fortifications, irrigation systems, fields, 
gardens, caravan roads, etc., shows the main, 
or direct features (shape and size of the object, 
tone of brightness, texture, structure, etc.) as 
well as indirect features (shadows, connection 
with soil and land cover, etc.). The main task 
of the researcher-decipherer is the rational 
use of all these features for archaeological and 
topographical study of the objects from aerial 
photographs. 

In decoding the sites with aerial photographs, 
we have to consider the tone of the photographic 
image, i.e., the degree of emulsion darkening on the 
photographic paper. The tone of the photographic 
image delivers an achromatic range of tones and 
the intensity of coloration of objects, i.e., the 
contrast of its image on the aerial photograph, 
depends on the brightness of the object, the light 
and the color sensitivity of the photographic 
material. Some ancient archaeological sites are 
distinguished on photographs only through tonal 
contrasts (because they are slightly elevated on the 
ground), or by the color of the soil and vegetation 
in case of highly eroded earthen works, remains of 
settlements , individual buildings, agro-irrigation 
layouts, ancient kurgans, etc.

For those sites characterized mainly by areal 

indices (cities, settlements, fields), shadows in the 
photographs are of great importance (emphasizing 
the overall configuration of the external contours), 
the inner layout as well as the architecture of 
citadel buildings. The contrast of shadows in 
relation to the background exceeds the contrast 
of objects in relation to the same background. 
The contrast between shadow and background 
is sometimes the only feature enabling the 
identification of objects. For instance, clay walls 
or ramparts on clay-sand soils, are detected almost 
exclusively by their shadows. Shadows on the 
object and the shadow of the object on the surface 
surrounding it, in combination with light spots on 
the illuminated surfaces, give a fairly clear idea 
of its layout.

In the decoding from shadows it must be kept 
in mind that, at the edges of aerial photographs, 
high structures produce a perspective image, 
resulting in their upper part being slightly tilted 
relative to its base.

According to their contours, ancient cities 
and large settlements may have different con-
figurations, e.g., round (Turpak-kala in Tashauz 
Province, Turkmen SSR, quadrangular (Kunya-
Uaz), complex oval-shaped or elongated (Teke-
sengir, etc. The walls and ditches of these 
settlements are usually detected by shadows, 
while the inner structures by a particular ‘granular’ 
pattern (white and dark spots of dwellings, 
hills, lines of streets, etc.). Vertical images 
(stereo pairs) of major archaeological sites were 
widely used by the Khorezm Expedition during 
architectural-topographical measurements as to 
provide accurate plans. They represent valuable 
data for several instrumental measurements 
in the laboratory (using stereo measurement 
instruments, stereometers, etc.). However, these 
issues are not discussed here.

Among the archaeological sites in the ‘lands of 
ancient irrigation’, characterized by linear features 
in aerial photographs, the most interesting for 
us is, obviously, the ancient irrigation network 
(Andrianov 1965). On aerial photographs it is 
possible to see what cannot be seen on the field, 
in an attempt to recover single irrigation system 
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links buried under sand or vegetation, in order 
to reconstruct the ancient hydrography, which is 
reflected on photographs in the shape of elongated 
light and dark lines.

The main feature to detect irrigation canals 
on photographs is a typical contour line, which 
depends on the scale and time of the photography, 
the size of the canal and its preservation on the 
ground (which is in turn connected with the time 
of function and abandonment of the system). 
The ancient main canals are currently slightly 
elevated above the surrounding terrain, with their 
rounded or flat tops contoured with a broken 
chain of remaining bank walls. For instance, the 
ancient Kyrk-Kyz canal, near the walls of the 
Great Kyrk-Kyz fortress, is 40 m wide including 
its banks, 20 m between the ramparts and the 
banks up to 6 m high (Figure 3). The banks (A) 
are clearly detected by shadows under lateral 
illumination and pale patches of light. The small 
irrigation network (B) is badly preserved and 
can be detected by the color of the soil, rare 
bushes of biyurgun and sand drifts marked on the 
photograph by a dark line on the lighter takyr. 
In systematic aerial photographs, the canal is 
distinguished by double light and dark dashed 
lines. The canal is easily identified by its direct, 
and partially indirect features. Its absolute size 
can be fairly well established in the laboratory 
using a stereometer.

In most cases, the preservation of very ancient 
canals is poor and it is hard to identify them on 
photographs. It happens that, instead of a plain 
largely intersected by canals and ditches, it forms 
a massive alluvial crust, which does not allow 
the identification of the object of investigation, 
so that only the ground color and the presence 
of sparse shrubs of biyurgun attest the presence 
of an ancient irrigation system. The canal banks 
may be completely destroyed by the erosion 
process and dispersed. Thus, for example, in the 
vertical photograph (Figure 4) of the environs of 
Bazar-kala, through the pattern of mobile sand 
dunes, a series of parallel light and dark lines 
become visible (A), which, during the decoding 
of the photograph, were interpreted as a natural 

formation (broken margin of takyr, etc.). Surface 
archaeological work (sections, test trenches, etc.) 
demonstrated that it was a main channel of the 
Antique period (6th–5th centuries BCE) badly 
destroyed by deflation processes. Only the central 
part of its bed is preserved, contoured by parallel 
structural terraces visible in the aerial photograph 
as a bundle of lines. The small irrigation network 
is not preserved.

Canals abandoned relatively recently are 
easily decoded. So, in the 19th century picture 
of the Turkmen irrigation in the Kunyadarya 
basin (see Figure 11), both the main distributors 
and details of the network of small ditches are 
easily visible. This photograph allowed to draw 
an accurate plan of the area.

Thanks to the apparent characteristic of the 
soil-vegetation cover, by means of indirect signs, 
aerial pictures clearly show forms and directions 
hardly visible on the ground (and sometimes simply 
invisible) such as small ditches, dams, field borders 
and other agro-irrigation layouts (vineyards, 
melon fields, etc.). The use of indirect features 
is based on the knowledge of laws regarding 
the interconnection of elements of the ancient 
cultural landscape of deserted ‘lands of ancient 
irrigation’. Vegetation is an important feature in 
aerial photographic detection. It is widely used 
in several complex geographical investigations 
in particular in geobotanical-geological (geo-
indicator), hydrogeological, soil, etc. studies 
(Viktorov 1955; Vinogradov 1961, etc.).

The chemical and organic composition 
of soil under ancient canals is different from 
that in plots of abandoned fields under takyr 
(Andrianov, Bazilevich and Rodin 1957:518). It 
is more favorable to shrubs, which usually expose 
clearly small irrigation networks also on zenithal 
aerial photograph. This was the essence of this 
method: comparing ongoing decipherment of 
aerial photographs with other aerial photographs 
deciphered in situ, whose content is reliable from 
both the archeological-topographical and the 
natural-geographical side.

Through decoding of photographs and drawing 
plans of irrigation systems, we have to force the 
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interpretation, even when working in the field 
on the key (the most typical and best-studied) 
place of ancient irrigated lands. In a specific 
paper, dealing with the questions of identification 
of decoded signs (markers) from well-studied 
key sectors on an unattended territory of other 
geographical regions, B. V. Vinogradov noted 
that the range of identification depends on 
geographical and technical factors (Vinogradov 
1962). He identified three types of extrapolation: 
1) micro-extrapolation, conducted during the field 
study of aerial photographs at short distances 
(several kilometers); 2) mid-extrapolation, or 
the decoding of key-parts of a geographical unit 
(sector, location typology, landscape), it is the 
most rational and effective form of extrapolation 
for scales from 1:10,000 to 1:50,000; 3) large 
extrapolation (macro-extrapolation), where the 
range within which the markers can move is 
comprised between many hundreds and even 
thousands kilometers (i.e., the stony deserts of 
the Sahara and Gobi; see also AEE 1967:81–100). 

B.V. Vinogradov correctly notes that, because 
of a full absence of studied markers and standard 
signs of identification in this or that landscape, 
on aerial pictures it is only possible to identify a 
point of view to “the edges of the topographically 
identified layout”. This simplest form of extra-
polation was widely used by us dur ing field 
detection of the photomosaics of ancient 
irrigation systems, which enabled reducing the 
volume of fieldwork, limiting the study of the 
most complex parts of the irrigation systems, to 
some sectors of major archaeological sites, as well 
as archae ologically dating the whole length of 
irrigation systems, whose contours were clearly 
seen on photographs.

During archaeological and topographical 
research a middle quality extrapolation was used, 
mainly for those regions (areas) well studied by 
archaeologist. During this research aerial pictures 
were selected of some distinctive areas for both a 
given period and a given cultural region. Typical 
photographs of the ‘lands of ancient irrigation’ 
in the Lower Amudarya are shown hereafter 
(Figures 5–11).

Based on the example of Khorezm, it is 
possible to see how the configuration and the 
general character of irrigation systems changed 
over time: in the early stages of Prehistory, 
irrigation systems were closely connected with 
the ancient hydrographical network and they 
followed the riverbeds, repeating their shape. 
The lands abandoned by farmers in Prehistory 
appear today like desert areas, almost without 
traces of human activity. (Andrianov and Kes 
1967:fig. 3). This is, in particular, the area in the 
lower lateral channels of the Akchadarya Delta, 
adjacent to the Kokcha 3 graveyard, where 
irrigation was based on narrow lateral flow 
channels of the delta, from which canals were 
branched. Very small fields and gardens encircled 
by low ridges were located in the immediate 
proximity of the canal (see Figure 27.B–C).

In those regions where ancient irrigators’ 
activities were permanent and prolonged, the 
natural landscape aspect was transformed 
considerably. Thus, in 1964 starting from pictures 
and then opened with archaeological trenches, 
a vast area with remains of ancient riverbeds, 
canals, small irrigation networks and fields was 
discovered north and northeast of the Djanbas-
kala fortress (see p. 146). Here, there were more 
than a dozen major sites of the Tazabagyab culture, 
dated to the third quarter of the 2nd millennium 
BCE. In the vertical aerial photographs, there 
are interweaving ancient deltaic channels; dry 
riverbeds are often crossed by small ditches, many 
of which originated in riverbeds or were their 
continuation (see Figure 5). Field work (surveys 
and archaeological trenches) have proven the 
anthropic character of ancient structures detected 
on photographs (Figure 28.C–D).

In aerial photos of the ancient landscape of 
Prehistoric Khorezm, it is characteristic to see the 
predominance of very few transformed, natural 
environments, the shape of intercrossing rivers 
(part of which were deepened and collapsed) and 
small-sized Prehistoric irrigation systems, with 
their peculiar layout.

The vertical aerial photographs of irrigation 
systems of different historic periods and cultural 
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areas (in particular Khorezm) differ quite clearly 
from each other. Parts of the ancient hydrography, 
the main canals, and especially the small irrigation 
networks provide a very characteristic structure 
and topography in aerial photography (Figure 6). 
The ‘lands of ancient irrigation’ in the development 
period of the ancient Khorezmian state (Kangju 
and mainly Kushan periods of the Khorezmian 
history), the cultural landscape is characterized 
by large fortifications, towns and numerous rural 
villages bordered by fields and vineyards, with 
significant lengths up to 100–120 m and widths 
of 60–80 m, often divided into two rectangles, 
each subdivided in turn into gryad 4.3 m wide (see 
p. 164). An example of a typical rural settlement of 
the first centuries CE is the site near Djanbas-kala 
(Andrianov 1965:fig. 5). As can be seen in the photo 
(Figure 7) a major canal was already built in the 
Archaic period (7th–6th centuries BCE) and later 
rebuilt several times. In the picture two parallel 
beds (A) in the shape of dark lines (due to sand 
sediments and vegetation) are clearly visible. A 
small irrigation network (B) is barely seen. Traces 
of vineyards (C) are clearly distinguished by a 
typical ‘striped’ pattern. Extensive well planned 
garden-park compounds and vineyards are also 
characteristic of the environs of other ancient cities 
of Khorezm (Ayaz-kala, Kurgashin-kala, etc.; see 
also Tolstov 1962a:205:fig. 118).

The early and late feudal (Afrigid) irrigation 
systems differ from the systems of previous 
periods in the greater frequency of lateral 
branches and branching configurations, which 
are clearly visible on photomosaics. An example 
is the Afrigid ‘oasis’ of Berkut-kala where, together 
with remains of canals (in the plots uncultivated 
by the farmers), more than 100 fortified farms 
of the late Afrigid period (7th–8th centuries CE) 
are preserved (Andrianov 1959a; Nerazik 1966). 
Even more significant is the Dingildje ‘oasis’, 
where branches of the Afrigid system intersect 
and cut the Antique canals (Figure 8 and Figure 
35). The narrow Afrigid canals are quite clearly 
detected from photographs. They form a sort of 
‘web’ around the Afrigid farms, among which 
Dingildje occupies the central place. 

In the Middle Ages, irrigation systems were 
improved and, as mentioned above, acquired 
a branched configuration. The land inside the 
irrigated water basins was used more rationally, 
thanks to the wide use of the water lifting wheel, or 
chigir, unknown in the Antique period (see p. 208).

The Medieval cultural landscape of the right 
bank of Khorezm is characterized, first of all, 
by a large number of ruins of farms and castles, 
towering among the dense and intricate network 
of irrigation canals and fields (Figure 9). Thus, in 
the 12th and 13th centuries the Kavat-kala Oasis 
(Gavkhore Basin), over an area of 14 km2, more 
than 140 farms were recorded and studied for the 
first time (Andrianov 1959a:fig.1) by the Khorezm 
Expedition in 1937–1940 (Tolstov 1948a:155).

One of the characteristic features of the 
Medieval landscape of irrigated lands of both the 
right and left banks of Khorezm is the presence of 
large gardens, park layouts and vineyards in the 
environs of major castles and cities. Very typical 
is, for instance, the garden-park complex near the 
Shakh-Senem fortress (Andrianov 1965:fig.6). In 
this complex (dated to the 12th–13th centuries 
CE), the irrigation network forms a clear and 
geometrically regular layout, split crosswise by 
lines of alleys and encircled by a quadrangular 
enclosure, with garden pavilions in the corners 
and center (A). The main canals (D) are clearly 
distinguished by a dark double line (due to bank 
shadows) against the takyr light background.

To a somewhat later time (14th–16th centuries) 
are dated the garden-park layouts in the environs 
of Shekhrlik (Figure 10) and of Dev-kesken, 
formerly Vazir (Selyuzor), which was described 
by A. Jenkinson in the 16th century as the most 
spectacular site on the left bank of Khorezm. The 
rectangular layout of the park (with a reservoir 
in the center and cultivated square gardens) is 
located west of the Medieval city, over which 
the massive Antique walls and the picturesque, 
fortified citadel of Dev-kesken stands on the 
Ustyurt cliff (Orlov 1952b:161:fig. 7). The canal 
reaches the settlement from southwest.

The cultural landscapes of settlements 
abandoned by the Turkmens at Daryalyk and in 
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the Karakalpak territories on the Janydarya in 
the 18th–19th centuries, differ from Medieval 
agricultural settlements (compare Figure 11 with 
Figures 9 and 10). The Turkmen irrigation systems 
of the 19th century were characterized by their 
large variety. They ranged from massive water 
lifting dams (for example, Egen-klych dams near 
Mashryk-Sengir), to head devices with semi-dams 
and branching, topographically included in the 
general system of sengir, to canals with reservoirs 
and ending with agro-irrigation layouts of different 
shapes and sizes (the gryad of gourd plantations 
are especially well preserved).

A slightly different topography of sites and 
irrigation systems was uncovered by B. I. Vaynberg 
in the At-Krylgan tract, in the environs of Mangyr-
Chardere and Kattakar-Chardere (see Figure 11) 
and also in the Uaz tract (Vaynberg 1959, 1960). 
There, some large abandoned Medieval irrigation 
systems were restored by the Karakalpaks and 
the Uzbeks (Bregel 1961:61,191). The lands 
were distributed to the Turkmen servants; the 
feudal lords of Khiva established there farms 
and gardens.

The Karakalpak lands of irrigation at the 
Janydarya have a completely different cultural 

landscape. The irrigation systems, fed from the 
main riverbed of the Janydarya, differ in their 
complex and branched layout. Very characteristic 
of these lands are traces of the yurts among the 
ploughed fields, visible on photographs in the 
shape of light, with middle dark circles (Andrianov 
1965:fig. 7A).

These are characteristics of some typical aerial 
photographs of ancient irrigated lands of different 
periods in the lower reaches of the Amudarya. 
Could they be widely used in the process of 
mapping other areas, for instance, such as the 
territory of the Syrdarya?

This question must be answered negatively. 
Each of the major historical-cultural regions 
requires its own system of typical photographs. 
Creating such a system in a new area is impossible 
without archaeological field research, without 
surveys and archaeological excavations, without 
the knowledge of both the general scheme of 
development of irrigation works in the region 
over time and the chronological classification 
of archaeological sites. However, the method of 
interpreting and comparing typical photographs 
simplifies and accelerates the process of mapping 
of a single region.



Chapter 2 
Origin and Development of Irrigated Agriculture

Boris V. Andrianov

Agriculture appeared in Khorezm in ancient 
times. Here is what the famous 10th century 
traveler al-Makhdisi wrote, “They say that in 
ancient times the king of the OrientNote 19 was angry 
with 400 males of his most faithful servants of 
his state and ordered to eject them 100 farsakh 
away from the last settled village and that village 
(where now a city lies) is called Kas”.Note 20 After 
a long time had passed, he sent people to inform 
him about them. When these people came to 
them, they found that they were alive, built their 
own huts, fished and ate fish, there was a lot of 
firewood. When they returned to the king and told 
him about it, he asked, “What do they call meat?” 
They answered “Khor” (or Khvar). He asked: “And 
firewood?” They answered “Razm”. He said, “So, I 
confirm that place for them and give it the name 
of Khorazm (Khvarazm).”Note 21 

One legend says that in ancient times, when 
the river (Amudarya) flowed to Balkan, the king 
of Khorezm won the right from the king of the 
Orient to divert the river flow in the direction of 
Khorezm “for one day and night”. The naughty 
river overflowed and “started (to flow there) till 
now. They derived canals from it and built cities 
on it” (de Goeje 1906:285; MITT 1939:185–186).

This well-known legend reminds us, not only 
of the controversial issues on the ancient flow 
of the Amudarya,Note 22 but also that the origin 
and development of irrigation in the ‘Land of 
the sun’ or ‘Country of good enclosure’ was just 
one element in the general historical process of 
spreading and development of agriculture. In the 
swampy deltaic plains of the Aral Sea area there 
were no wild ancestors of cultivated plants and 
the first farmers brought grain here as well as, 
perhaps, irrigation skills from other more ancient 
centers of irrigated agriculture (see Bartold 
1965:163). 

The experience of Central Asian people in 
irrigation and agriculture was rich and various. 
But, on what was this diversity based? How 
historically developed were these or those types 
of local forms of irrigation or rain-fed agriculture? 
What was the role played in these processes by 
the natural characteristics of Central Asia, with 
its sharp contrasts? Combining vast sand and clay 
deserts with sparse vegetation (where, from 
antiquity, hunting and pastoral breeding were 
developed), massive mountain systems with 
vertical changes of natural landscape (useful for 
herding and agriculture) and the fertile piedmonts 
and alluvial river plains, where agriculture was 
developed since ancient times? What is the role 
of the Central Asian types of agriculture in the 
general scheme of development of agricultural 
systems?

The research raised some questions far beyond 
the limits of the lower reaches of the Amudarya 
and the Syrdarya. In answering them, it is clear 
that there are a lot of gaps in the general history 
of agriculture as well as no precise scheme of 
historical development of irrigation techniques 
in different geographical zones and in different 
historical-cultural areas (Andrianov 1968a–b). 
Dealing with these issues, a synthesis of natural 
history combined with efforts from different 
branches of science is required. In particular, 
the archaeological research provided more new 
information from the field of ethnobotany and 
genetics, from the study of archaeological vegetal 
remains, to ethnography, linguistics and even the 
introduction of compared mythology.

Recently, abroad and here in the USSR, 
some general archaeological works became 
available. They concern the origin of irrigated 
agriculture, the historical process of complex 
economy production, as well as the absolute and 
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relative chronologies connected to this process 
of archaeological cultures which have been 
published. It is necessary to mention the work of 
V. G. Childe, A. L. Perkins, R. J. Braidwood, the 
publication of the proceedings from international 
conferences of ethnographers and archaeologists 
in 1952 in New York City (Kroeber 1953), in 
1955 in Princeton (Thomas 1956), in 1960 in 
Austria (Braidwood and Willey 1962) and also a 
new edition of Chronology in Old World Archaeology 
edited by R. W. Ehrich (1965).

In the USSR, an extremely valuable summary 
of results of archaeological research in the Near 
East and in Central and South Asia was published 
by V. M. Masson (1964). In this book the author 
outlined the main areas of ancient agricultural 
cultures and the major stages of development 
from the 10th to the 2nd millennia BCE. The 
book on ancient irrigation works in the Eneolithic 
Southern Turkmenistan by G. N. Lisitsyna (1965) 
should also be mentioned, her work is closely 
linked to the studies on ancient irrigation carried 
out by the Khorezm Expedition.

Dealing with the origin of agriculture (especi-
ally in the paleo-geographical reconstruction 
of an ancient natural environment and the 
absolute dating of archaeological sites), great 
help to archaeologists is provided by the latest 
achievements of natural and exact sciences 
(Heizer 1953; Brothwell and Higgs 1963; Butzer 
1964; Kolchin, 1965; Titov 1965a–b; Ehrich 
1965).Editor 7 Recent radiocarbon dating of many 
sites of the Mesolithic, Neolithic and Bronze Age 
of Southwest Asia, Europe and America allowed 
to clarify the absolute chronology for the origin 
of agriculture (Jelinek 1962; Willis 1963; Libby 
1963; Clark 1965; Titov 1965a–b; Serebryannyy 
1965; Ehrich 1965).Editor 8

The origin and development of the ancient 
cradles of irrigated agriculture depended on 
natural resources connected with the spread of 
these or those earliest useful plants – in brief with 
the history of plant-growing. These issues have been 
studied by the well-known botanists: C. R. Darwin, 
A. P. de Candolle, G. J. Mendel, V. Hehn, G.I. 
Tanfilev, V. A. Komarov, N. I. Vavilov, E. V. Vulf, E. 

Shiman and, finally, C. D. Darlington.Note 23 Among 
the recent work in this field, we should mention the 
fundamental research by P. M. Jukovskiy Kulturnye 
rasteniya i ikh sorod- ichi (Cultivated plants and their 
relatives), a book by C. O. Sauer (1952), a collection 
edited by I. Hutchinson (1965), and a brief 
overview in D. R. Harris’ article (Harris 1967). If 
in the 19th century the answer to these questions 
dealt mainly with botanical, ethnographical,  
and historical-philological material, the 20th 
century began with the accumulation of archae-
ological data.

Following the precepts of A. P. de Candolle, 
who preferred ‘archaeological documents’, the 
modern paleo-botanists, relying on the progress 
of archaeological science, were able to approach 
the question of the early domestication of the 
main cultivated plants in the ancient cradles 
of Southwestern Asia and Mesoamerica. The 
research by H. Helbaek, K. V. Flannery, H. Kihara, 
K. Yamashita, M. Tanaka and J. R. Harlan in the 
Old World, and R. S. MacNeish, F. Engel, E. W. 
Haury, H. Willy and P. Armillas in the New World 
should be highlighted.

The origin and development of irrigation 
skills are closely connected with the history of 
tools used in irrigation. Already in 1887, H. L. 
Roth outlined a scheme for soil digging 
implements (Roth 1887:128–130, 180). Many 
questions on the evolution of the digging stick, 
shovel and hoe are given in the works of V. G. 
Childe, B. Klìma, H. H. Coghlan, R. Braidwood, 
P. I. Boriskovskiy, S. A. Semenov, Yu. F. Novikov, 
G. Brunton, W.  H. Holmes, A. Goodwin, B. 
Brentjes, and H. D. Sankalia.

Archaeologists and ethnographers have 
recorded the wide chronological and geographical 
spreading of stick-hoe agriculture from the 
Neolithic period of ancient Egypt (G. Brunton, G. 
Caton-Thompson, A. J. Arkell), and Palestine (A. J. 
Mallon, R. Koeppel, K. M. Kenyon, R. J. Braidwood), 
to the Eneolithic sites of Turkmenistan (I. N. 
Khlopin, V. I. Sarianidi) and India (H. D. Sankalia), 
to modern Melanesia (H. Damm, J. Nilles, etc.) and 
Africa (A. J. H. Goodwin, N. I. Vavilov). E. B. Tylor, 
and later P. Leser and A. Steensberg, developed 
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the idea of the gradual transformation of the 
primitive hoe-spade, used for furrow irrigation, 
into the plough. The evolution of metal digging 
tools in Southwest Asia and Egypt is described 
in the classic work of W. M. F. Petrie (1917) and 
in the two-volume study by J. Deshayes (1960). 

Concerning the characteristics of the origin 
of skills in irrigated agriculture, a great place 
has the ethnographic material of the New and 
Old World, characterizing ‘harvest gatherers’ 
and primitive forms of irrigation from temporary 
water sources, river floods and swamps. The vast 
literature includes general works by J. E. Lips, 
A. N. Maksimov, I. N. Klingen, R. Capot-Rey; 
works on specific countries and people by K. 
Bryan, E. F. Castetter, W. H. Bell, T. R. H. Owen, 
R. B. Serjeant, Yu. F. Novikov, Ya. G. Gulyamov, 
A. P. Okladnikov, O. M. Djumaev and others. 
Considerably interesting are also the ethno-
graphic descriptions of the irrigation works of 
the American Indians of California, in particular 
the Paiutes, who were not farmers and did not 
cultivate plants (see the work by S. W. Hopkins, 
J. H. Steward, C. D. Forde, A. L. Kroeber, etc.).

An attempt at a broad analysis of the develop-
ment of irrigation in the main areas of the ancient 
world was made by R. J. Forbes in a special section 
of his work (Forbes 1955, Vol. II), which contains 
information on the history of irrigation in ancient 
Egypt, Mesopotamia, China, India and some other 
countries. There, a considerable literature is also 
given. However, in this work, there is no material 
describing the history of irrigation in Central Asia, 
neither the Russian researchers such as V. V. 
Bartold, D. D. Bukinich, etc. were mentioned. The 
chapter is written mainly on historical and literary 
sources and does not deal with archaeological 
work in this region. Hydro-technical issues are not 
sufficiently treated. It must be said that, in spite 
of the great progress in classical archaeological 
study of the ancient Orient – Egypt, Mesopotamia, 
India and Iran – the information on the history of 
irrigation techniques is poor.

Attempts for an archaeological study of the 
ancient canals in Mesopotamia were made in the 
mid-19th century by F. Jones and in the early 20th 

by W. Willcocks and E. E. Herzfeld. In recent 
years, the subject of irrigation development was 
repeatedly dealt with by the famous researchers 
on Mesopotamia, D. Mackey, R. McC. Adams, T. 
Jacobsen, A. Goetze, J. W. Gruber, but, in spite 
of that, irrigation techniques and the dynamic of 
irrigation systems in ancient Mesopotamia remain 
still unclear. These issues are not sufficiently 
covered, even in the most recent work by the 
well-known researcher on Mesopotamia, R. McC. 
Adams (1965, 1966).

In the monograph Land Behind Baghdad, 
R. McC. Adams outlined three main stages in 
the development of irrigation in the basin of 
the Diyala River: first the construction of small 
canals and use of natural channels in Prehistory; 
second, from the Neo Babylonian to the Sassanid 
periods (when large irrigation systems were 
constructed); third, the heyday of irrigation during 
the Arabian caliphate. The book summarizes the 
archaeological information collected by the author 
(with national economic purposes and on behalf of 
the Iraqi government) over a long-term project in 
Mesopotamia, particularly in 1957–1958, during 
the comprehensive study of the Diyala River basin. 
A preliminary report of this research provides 
some information on the ancient irrigation works 
in Mesopotamia (Jacobsen 1958:58–61).

A similar work was carried out in 1954–1955 
by W. J. Van Liere and J. Lauffray in the Upper 
Jazirah in Syria. A detailed archaeological study 
of ancient irrigation was done by Richard LeB. 
Bowen in South Arabia (Bowen 1958). Among 
the ethnographical works describing the irrigation 
techniques in this region, an excellent article by 
R. B. Serjeant (1964) should be mentioned. The 
Medieval irrigation system of Iraq was described 
in detail by the Arabian historian Ahmed Susa, 
who published two volumes on the irrigation 
in the environs of Samarra during the Abbasid 
caliphate. There are many published works, 
mainly in Chinese, on the history of irrigation of 
China (Nesteruk 1955).

Among the recent foreign works concerning 
the history of irrigation in Central Asia, the 
article by R. A. Lewis, should be mentioned. It 
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demonstrates a good knowledge by the author of 
Soviet archaeological research on the history of 
irrigation in Central Asia; a significant place in 
the article is given to the works of the Khorezm 
Archaeological-Ethnographic Expedition (Lewis 
1966:480–486).

The beginning of irrigation and ancient 
cradles of cultivation 
From ancient times until the end of the 19th 
century, in the historical and geographical 
literature prevailed the view that the human 
cultural and economic development occurred 
through three stages: 1) gathering and hunting; 2) 
nomadic pastoralism; 3) agriculture. However, the 
studies of E. Petri, E. Hahn and others proved the 
theory groundless (Kramer 1967). Generalizing 
L. H. Morgan’s periodization of ancient human 
history, F. Engels outlined the following mile-
stones in the history of economy: 1) period with 
a predominant appropriation of ready products 
(‘savagery’ according to L. H. Morgan’s scheme); 
2) period starting a productive economy, herding 
and agriculture; 3) period of development of 
methods of increased production of natural 
products by human activities and ending with the 
first great social division of labor and the decay 
of the Prehistoric system (‘barbarism’ according 
to L. H. Morgan’s scheme); 4) the beginning of 
civilization is connected with the separation of 
handicrafts from agriculture, with increasing 
geographical and social divisions of labor, trade, 
goods production in cities, emergence of class 
society and states.Note 24

In which historical stage of Prehistory did 
irrigation appear? In the Soviet agricultural-
economic literature, the hypothesis that irrigated 
agriculture was just improved and later modified 
from agriculture based on seasonal precipitation is 
firmly established (Vilyams 1951:347–354). Such 
a view was developed by C. O. Sauer in his book 
Agricultural Origins and Dispersal (Sauer 1952:21–
28). According to V. G. Childe, since the Neolithic 
there were two forms of agriculture: rain-fed (dry) 
and irrigated (wet). He wrote: “Theoretically, of 
course, seasonal irrigated agriculture can be also 

ancient” (Childe 1952:198–199, 205). In his well-
known work New Light on the Most Ancient East, 
V. G. Childe stated more clearly: “… at the base 
of the most developed civilizations, lay primarily 
irrigated agriculture. This should not necessarily 
mean that irrigated agriculture arose later than 
the hoe, or horticulture, agriculture. W. J. Perry 
and T. Cherry, for instance, had a completely 
different point of view” (Childe 1956:57; see also 
Forde 1963:424).

It is quite clear that the origin of irrigation 
skills was connected to the origin of agriculture. 
At the dawn of human history, man acted as 
part of nature, adapting to natural conditions, 
following it and using certain laws (seasonal 
changes of vegetation, movement of wild animals 
herds, flood watering of plots). The exploitation 
of nature for economic purposes was broadened 
very slowly with the accumulation of knowledge 
and the first attempts to convert it (primarily the 
emergence of cultivated flora and fauna) must not 
be considered as a one-time act. Much material 
has been produced testifying the long duration of 
these processes (Forde 1963:371–377; MacNeish 
1965; Flannery 1965; Harris 1967). 

The new human settlements in the late 
Paleolithic and Mesolithic led to the formation of 
local cultural communities conditioned, first of all, 
by different sources on the territories cultivated 
by man (Tolstov 1960:20). It was accompanied 
by the formation of ancient economic-cultural 
types: hunters and gatherers in tropical forests and 
temperate zones; nomadic hunters and gatherers 
in mountains and arid plains, semi-settled fishers 
on sea coasts and deltaic areas, hunters of grazing 
animals in the large steppe, etc. (Levin and 
Cheboksarov 1955; Andrianov 1968a–b).

In Mesolithic and Neolithic periods, different 
degrees of progressive historical population 
developments in different landscape areas began 
to emerge. A zone in which a productive economy 
developed based on plant-growing and breeding 
of domestic animals was of special distinction. The 
transition from hunting, fishing and gathering of 
plants to the regular cultivation of useful plants 
and breeding of domestic animals appeared, in 
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the history of human culture, closely linked to 
the greatest progress called by V. G. Childe the 
‘Neolithic revolution’ (Childe 1953:193; 1956:55; 
Lorenzo 1961).

Most of the researchers, from C. R. Darwin to 
N. I. Vavilov and P. M. Jukovskiy, had no doubt 
on the thesis that agriculture originated from 
gathering (see also Roth 1887:102–120; Narr 
1956; P. Jukovskiy 1950:9; etc.). Even now, in 
the 20th century, not all plants used by man can 
be considered cultivated. Soviet geo-botanist E. V. 
Vulf, one of the leading expert on cultivated plants, 
divided them into four groups: 1) wild growing 
crops used in their wild state (gathering of roots, 
fruits, grains, stems, etc.); 2) ‘cultivated’ or slightly 
changed species; 3) cultivated species, not found 
in their wild state, but whose links with wild ones 
can be easily traced; 4) cultivated species, which 
have lost their links with wild ancestors and that 
die out if the fields were abandoned (corn, wheat, 
rye, melon, flax, etc.; Vulf, 1932:195–196).

Plant resources, which are the basis for 
the evolution of cultivated plants, were spread 
unequally among continents and countries. 
According to N. I. Vavilov, “the initial areas of 
speciation of the most important cultivated plants, 
as you can see, are very narrowly localized” 
(Vavilov 1967, Tom I:39). Based on the vast floral 
material collected from many countries around 
the world, N. I. Vavilov and his students developed 
a theory on the main cradles (centers) of origin 
of, vegetables and garden plants (P. Jukovskiy 
1950:5–41; Sinskaya 1966:22–31). 

N. I Vavilov proposed eight important centers 
of origin and setting of cultivated flora (Figure 
12): 1) China; 2) Indo-Malaysia, actually India 
and Indo-Malaysia; 3) Central Asia; 4) Near 
East; 5) Mediterranean; 6) Ethiopia (Abyssinia); 
7) Central America and South Mexico; 8) South 
America: Peru, Ecuador, Bolivia, Chile and Brazil-
Paraguay (Vavilov 1967, Tom I:353–393; Sinskaya 
1966:22).

In recent years, archaeological and paleo-
ethnobotanic works have largely proved the 
existence of the independent centers of domesti-
cation of the main food and economic crops, in 

many ways coinciding with the centers proposed 
by N. I. Vavilov. The conclusion that agriculture 
in Ethiopia was very ancient has not yet been 
confirmed (Helbaek 1960a:117). These studies 
have outlined ‘the path of grain’ outside its original 
areas, revealing different aspects of plant adapta-
tions, hybridization with weeds and modification 
of species under the influence of cultivation, 
planting and harvesting in different geographical 
areas (Harris 1967:92). If we assume from the 
current issue of ‘N. I. Vavilov’s centers’, it is 
possible to consider the following geographical 
centers, or regions, of ancient plant-growing.

The Southwest Asian area consists of two 
groups or large centers: 1) Near East (Anatolia, 
Syria, Palestine, Iran) and Caucasus; 2) Central 
Asia and Northwest India (Figure 13). Southwest 
Asia, the oldest area of agriculture (8th–6th 
millennia BCE), gave rise to many species of 
wheat,Note 25 rye, small-grained flax, small-grained 
peas, lentils, horse beans, grass pea, chickpea, some 
horticultural plants and Asian cotton (Vavilov 
1967; Tom I:347; Harris 1967). In the same 
area, were also introduced eggplant, cucumber 
(Northern India), yellow carrot, garlic and spinach 
(mountainous Central Asia). It is the homeland 
of almost all European fruit species (P. Jukovskiy 
1950:20–21). Barley was domesticated over wide 
area of the Southwestern Asian countries. Its wild 
species are known from Cyrenaica and Cyprus to 
Asia Minor, Southern Turkmenistan and Pamir 
(Harlan and Zohary 1966:1075).Note 26

The beginning of agriculture in the periphery 
of this area is dated, in Southern Turkmenia, 
to the 6th millennium, in Afghanistan to the 
5th millennium and in the Caucasus to the 5th 
millennium BCE (V. Masson 1964; Dupree 1964; 
Narimanov 1966).

The Caucasus is the homeland of a series 
of wheat species (in particular some endemic, 
such as tetraploid and hexaploid), rye, fruit 
trees and grapes (Negrul 1938; Yakubtsiner 
1956; Ketskhoveli 1964). The beginning of 
domestication of goat, sheep, cattle, one type of pig 
and camel is connected with Southwestern Asia 
(Reed 1959, 1960; Zeuner 1963; Flannery 1965).
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The Mediterranean area includes countries 
along the Mediterranean Sea shore, the Nile 
Valley in its southeastern part, the Balkan 
Peninsula in the north. The newest archaeological 
work in Anatolia (Çatal Hüyük, Hacilar) and in 
the Balkans (Argissa, Neo Nikomedia) suggests 
a close connection between these regions.Note 27 
The Mediterranean area includes a comparatively 
small number of autochthons plants (Vavilov 
1967; Tom 1:375–379). Here are concentrated 
the centers of domestication of the olive, of the 
durum wheat (Triticum durum), oat, large-seeded 
flax, large-grained pea, grass pea, fava bean, sugar 
beet and many vegetable plants and fruit trees 
(P. Jukovskiy 1950:33). Agriculture began here 
not earlier than the 6th–5th millennia BCE. This 
area is known as the place of the greatest ‘river’ 
and ‘sea’ ancient civilizations (Egypt, Aegean). 
Many cultivated plants of this region were 
carefully selected. Species of cereals, legumes 
and horticulture plants differ in the large size of 
their fruits.

South Asia consists of three independent 
centers: 1) India (with the richest cultivated flora); 
2) China; 3) Islands (Sunda, Philippines, New 
Guinea, etc.).

The South Asian area is connected with the 
cultivation of rice, the most important culture in 
the world, still feeding half of humanity. Here it 
is possible to find the most different species of 
rice, from wild weeds growing in the fields to 
the cultivated species of great variety (Gushchin 
1938; P. Jukovskiy 1950:130–131; Ding Ying). 
The cultivation of rice in this area was generally 
preceded by a developed tropical agriculture with 
root-crops (taro, etc.; Sauer 1952:25–28; Harris 
1967:96).Note 28 In Southeast Asia were located the 
centers of formation of naked oat, naked barley 
and millet; the cradle of rice, barley, millet; it is 
the homeland of soy, many cruciferous cultivated 
plants and some endemic species of fruit trees 
(Vavilov 1967; Tom I:360–368).

Mountainous China, besides oats, barley, 
millet (chumiza or Siberian millet), gave the world 
soy-beans, buckwheat, radish, tea and mulberry 
(P. Jukovskiy 1950:18). 

C. O. Sauer linked the domestication of pig 
and many types of poultry to Southeast Asia (Sauer 
1952:42, 84, 86).

The Ethiopian area developed later, despite 
the extreme varietal diversity of many cultivated 
plants and the presence of endemic species (teff, 
barley, wheat, pea, etc.). For example, in Ethiopia 
there is no wild barley or wheat, and certain 
local plants (teff and sunfleck) did not go beyond 
their homeland (Schiemann 1943; P. Jukovskiy 
1950:30). The coffee tree, native of the Abyssinian 
plateau, was widespread only in the Middle Ages. 
This center is the place of origin of not only teff 
and sunfleck, but also of some species of banana 
and sorghum.

To the Ethiopian cradle is linked the mount-
ainous Arabian area, characterized by fast-
ripening cereals, cereals, legumes and lucerne 
(Sauer 1952:76–78).

New archaeological and paleo-ethnobotanic 
research in Equatorial Africa allow to consider 
this area as an independent center of agriculture. 
Although the assumption of G. P. Murdock on the 
origin of tropical agriculture along the Niger River 
in the 5th millennium BCE has not been proven, 
a number of species, including cereals (sorghum, 
fonio, etc.), vegetables and roots (Guinea yam, 
etc.) were domesticated in the equatorial zone, 
probably already in the 3rd–2nd millennia BCE 
(Harris 1967:97–99).

Central America is divided into three centers: 
1) Southern American mountains; 2) Central 
Mexico; 3) West Indies islands. 

From this center are corn, upland-cotton and 
other American long-staple cotton, several species 
of beans, some pumpkins, cocoa, in all probability 
the ‘sweet potato’ – batata, pepper and many fruits, 
like guava, and several kinds of sugar-apple and 
avocado (Vavilov 1965:167–168).

The area of the Andes combines different 
centers: the proper Andes (mountainous regions 
of Peru, Bolivia and Ecuador), Chile (Auracanìa) 
and Bogotà (Eastern Columbia). This is the center 
of the wild and cultivated potato, and different 
tuberous plants (oca, ulluco, anu etc.).

N. I. Vavilov noted that some important 
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plants were introduced to cultures also outside 
the above mentioned main centers (Vavilov 
1965:168). These include, for example, the date 
palm, which became the most important crop of 
the Arabian herding tribes, Southern Meso-
potamia and the Sahara. In South Africa, the wild 
watermelon was domesticated for the first time. 
Within the inner and tropical South America, the 
cultures of cassava, pineapples, groundnuts 
(peanuts) and, more recently, the rubber tree 
were introduced. North America gave the world 
artichokes and sunflowers. 

The history of the development of irrigation 
skills is tightly connected with the origin of 
agriculture in the most ancient centers of arid 
zones, characterized by large thermal resources 
but with lack of precipitation (200–300 mm 
per year), where plants cultivation is almost 
impossible without artificially wetting the soil. 

Arid zones occupy a vast area of the Earth 
(more than 1/5 of the total surface). In Asia, they 
cover Asia Minor, the Mediterranean countries, 
the Arabian Peninsula, the vast Iranian plateau, 
Afghanistan, the plains of Central Asia (Kyzylkum, 
Karakum and Ustyurt, etc.), the Central Asian 
deserts (Taklamakan, Gobi, etc.), placed behind 
the massive mountain barrier of the Tian Shan 
stretching to the middle flow of the Hwang Ho 
(Yellow River). In Africa these zones are situated 
in the deserts and semi-deserts of North Africa; 
in America on the coast of Peru, the dry uplands 
of the Andes and Mexico and in the desert and 
semidesert Southern USA. 

The reader is probably interested to know 
whether these regions were always deserts and 
which role climate change played in the origin of 
irrigated agriculture. The interrelation of small 
cyclical climate changes with solar activity is 
now established. However, the work of serious 
biological and geographical analysis of small and 
larger periodical changes in climate, based on 
archaeological and palynological data, have just 
begun (Shnitnikov 1949, 1957, 1961; Whyte 
1963; Schove 1965; Butzer 1964; etc.).

The followers of geographical determinism 
(from E. Huntington to J. H. Steward and P. 

Baker), which defined the relationships between 
geographical environment and society as a single-
line process of mankind’s adaptation to natural 
conditions, have repeatedly suggested that agri-
culture and sedentarization appeared in the 
Near East as a result of progressive drying of the 
Asian continent (see the critiques: Markov 1951a; 
Lisitsyna 1965; etc.).Editor 9 V. G. Childe, who does 
not belong to the fol lowers of such a geographical 
deterministic theory, however, in 1952 wrote: 
“The conditions of increasing drought, which we 
will briefly mention next, should have stimulated 
the transition to an economy of food resources 
production. Greater population concentration on 
the banks of streams and drying sources led to a 
more intensive search for new means of livelihood. 
Animals and people reached out to the oases, 
which were gradually separated from each other 
by wide strips of deserts...” (Childe 1956:57).

The defenders of that popular-geographical 
hypothesis can be found, unfortunately, also 
in our day. For instance, the geographer A. V. 
Shnitnikov (1957, 1961; etc.), who widely used 
archaeological data, and in particular the pub-
lications of the Khorezm Expedition, to prove 
his theory on climatic fluctuations (cycles of 
1800–1900 years) also published his views. It is 
possible that such big fluctuations really occurred, 
however, in some cases the scientific arguments 
of the author were objectionable.Note 29

Concerning the historical dynamic, A. V. 
Shnitnikov explains the expansion and contraction, 
in the ‘lands of ancient irrigation’, of the irrigated 
territory through the dynamic of water resources 
of the Aral Sea area. If, on the basis of a long-
term archaeological research, S. P. Tolstov 
related the first significant reduction of Khorezm 
irrigation to a socio-economic crisis and the 
barbarian invasion of the mid–1st millennium. 
A. V. Shnitnikov (1961:46) connected it with the 
raising of ‘lands of ancient irrigation’ caused by 
the water level reduction in the Lower Amudarya 
which occurred in that period. In his discussion, 
the author does not prove the fateful dependence 
of human activity on natural phenomena, he just 
describes the results concerning the history of 
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irrigation in Khorezm. It should be said that these 
results do not categorically allow a basis for such 
anti-historical conclusions, advanced from the 
perspective of geographical determinism.Note 30

An attempt to revive the hypothesis of a 
continuous desiccation of Central Asia was 
made by the geologist V. M. Sinitsyn in his 
work Tektonichesky faktor v izmenenii klimata 
Tsentralnoy Azii (The tectonic factor in the change 
of the climate of Central Asia). He refers to the 
downfall of ancient agricultural oases in Bactria 
and Sogdiana, “whose ruins are placed deeply 
in the desert among its silent sands” (Sinitsyn 
1949). The ‘drying’ Asia, according to him, 
caused the “migration of peoples and invading 
conquerors rushing into Europe from Central 
Asia over different times”. The geomorphologist 
P. S. Makeev explained the desolation of ‘lands 
of ancient irrigation’ in the lower reaches of the 
Amudarya and the Syrdarya merely as changes 
due to erosion by these rivers and the shifts of 
the main stream (Makeev 1952:559; see also 
Andrianov 1954; Andrianov and Kes 1967). 

A broad overview on paleogeographical 
changes and cyclical climate fluctuations, based 
on archaeological material, was recently made 
by K. W. Butzer, who suggests that there is no 
basis for recognizing sharp climatic changes 
over the last 10,000 years in the upland areas 
of Southwestern Asia, where Mesolithic and 
Early Neolithic sites were discovered (Butzer 
1964:416–437). Paleontological research in the 
Zagros Mountains on the Zeribar Lake revealed 
the following pattern: in the Mesolithic period 
(12,840±300 BCE) in a cold dry climate the 
association with steppe vegetation prevailed; after 
the warming, pistachio and oak appeared, then 
came the warm period (3500±120 BCE) marked 
by the predominance of the oak (Van Zeist and 
Wright 1963:65–67).

In arid zones the existence of human beings 
was linked to water resources, therefore, as a rule, 
settlements were concentrated in green oases 
along river valleys or on lake shores. Irrigation 
techniques and the type of irrigation devices 
depended on water resources. The latter, in 

different geographical landscapes, enabled the 
following exploitations: 1) rivers with permanent 
stream flow (gravity flow, flood, irrigation with 
artificial water lifting); 2) lakes and rivers 
overflow (marsh and basin irrigation); 3) surface 
water formation after precipitation (sai-brook, 
kaakovoe), irrigation, etc.); 4) underground water 
from springs, wells, artificial water catchment 
structures (wells, karez, irrigation, etc.) (Capot-Rey 
1958:278).

The Medieval geographers al-Tabari (9th–10th 
centuries), and later Hamdollah Mostofi Qazvini 
(14th century) drew attention to the different 
types of irrigation in Arabian countries: brook; 
river (through artificial gravity-fed canals, water-
lifting devices and different reservoirs); karez 
(withdrawal of groundwater in galleries); wells 
(with water-lifting systems); (Petrushevskiy 
1960:117). These irrigation types were noted later 
in Iran in the 17th century by J. Chardin, who 
wrote: “In Persia there are four types of water (de 
quatre sortes d’eaux): two surface (sur terre), i.e. water 
of rivers (rivière) and water of springs (source), and 
two underground, namely water of wells (puits) 
and water of underground channels (conduits 
souterrains), which they (the Persians) call karez 
(kerises)” (Petrushevskiy, 1960:117).

Even now, in the 20th century, when the 
impact of society on the geographical environ-
ment has increased immeasurably, the techniques 
and character of irrigation systems are still 
connected to natural conditions. Soviet irrigation 
specialists usually divide modern systems of 
irrigation into mountain, piedmont, and valley 
(Vyzgo 1947; Legostaev and Konkov 1953; 
Fedorov 1953).

The irrigation specialist L. V. Dunin-Barkovskiy, 
who investigated the geographical locations of 
different irrigation systems in Central Asia and 
the South Caucasus, established a classification 
and zoning in connection with physical and 
geographical conditions. For example, this classi-
fication of irrigated arid zones in the USSR is 
shown in Table 2 (Dunin-Barkovskiy 1960:25).

The diversity of physical and geographical 
conditions was reflected in the nature and rate 
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of historical development of skills in irrigation 
and irrigated agriculture in different regions of 
the world. 

A special role in the origin of skillful irrigation 
was displayed by mountainous regions. N. I. 
Vavilov wrote: “The curb of the great rivers, such as 
the Nile, Tigris, Euphrates and others, demanded 
a strong despotic organization, construction of 
dams, control of floods, as well as it required 
organized massive action, which could not have 
been dreamt by the Prehistoric farmers of North 
Africa and Southwest Asia. It is highly possible 
that the centers of variability of species and the 
cradles of primitive agriculture were mountainous 
regions, where the use of water for irrigation 
demanded no such efforts (emphasis mine). 
Mountainous streams can be easily directed by 
gravity to fields. The highland regions are often 
suitable for non-irrigated cultures because of the 
large amount of precipitation in mountainous 
areas” (Vavilov 1967, Tom I:171).

Irrigation in mountainous valleys, where 
seasonal streams and mudflows were used as 
water sources, were probably the oldest form of 
artificial soil watering. This so-called sai-brook 
(stream overflow) irrigation, in our opinion might 
have occurred in Mesolithic times among the 
‘harvesting people’. The term sobirateli urojaya 
(‘harvesting people’ in English and ernte volker 
in German) was suggested in 1926–1928 by 
the ethnographer J. E. Lips (1953, 1954). A. N. 
Maksimov also mentioned the wide spreading 
of ‘harvesting people’ before the time of ‘farming 
people’. He noticed a great similarity in the edible 
plants processing methods among the Australian 
Aborigines and the California Indians of the Great 
Basin. According to him, “In the history of human 
culture, the different labor processes appeared in a 
completely different sequence if compared to the 
sequence in which we use them today. We first 
plough and sow and then reap, thresh, mill and 
bake; our ancestors first learned to harvest, thresh, 
mill and only later they learned to sow and treat 
the fields” (Maksimov 1929:31).

The problem of harvesting was solved, as 
we know, by the development of the microlithic 

industry, the invention of reaping knives and 
sickles with sharp cutting obsidian or flint blades. 
Simple soil-digging implements, like sticks and 
hoes, were used for digging up roots, for planting, 
for digging different irrigation ditches in order to 
irrigate the cultivated plots, as well as for working 
the soil (Boriskovskiy 1961; Klìma 1955) (Figure 
14). The technique of working the soil is much 
older than agriculture. 

The study of surface implement traces from 
Paleolithic campsites of Eliseevichi and Pushkari 
I allowed S. A. Semenov the opportunity to prove 
that digging sticks and hoes were used as means of 
excavation in that period (S. Semenov 1957). The 
simplest tool for working the soil is a sharpened 
stick 1.2–1.6 m long. It was used to loosen soil 
which was then removed by hand. This implement 
and this treatment method were recorded by 
ethnographers among many people such as the 
Australians, the Semangs, the Fuegians, etc. Hands 
might be supplemented with a wooden trough, by 
animals or baskets. Using such primitive means, 
the Kubu tribe in Sumatra dug pits for elephants 
and the American Indians of California built 
underground huts.

The stick was also the first implement of the 
‘harvesting people’. They noticed that cereals, 
edible roots and bulbs grew especially well on 
naturally irrigated plots. Noting this natural 
pattern in the local cyclical dry spells, the 
‘harvesting people’ could arrive at the idea of 
artificially watering plots of wild useful plants, 
which was easy to do in small mountainous valleys 
using small dams. Mountain brooks were locked 
with tree trunks, bushes and earthen banks. Small 
ditches dug by sticks and hoes directed water to 
the plots of natural cereal thickets and other edible 
plants. To maintain the life-giving moisture such 
plots were encircled by ridges.

New World
This early, if I may say, ‘pre-agricultural’ stage 
of primitive irrigation skills was noted by 
ethnographers among some California Indians. 
The American ethnographer Julian H. Steward, 
working on the ‘harvesters’ in the Owens Valley 
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in California, reported that the Northern Paiute 
tribes, occupying a territory of several hundred 
kilometers, even in the 19th century conducted a 
semi-nomadic way of life (Steward 1933; Hopkins 
1883; Forde 1963:32–41). In winter, the whole 
Paiute tribe, numbering about a hundred people, 
lived in one or two settlements, but in spring they 
dispersed over the whole territory as separate 
groups. The women gathered different edible 
plants into baskets woven of twigs and grasses. 
Some groups of Paiute took advantage of the 
artificial watering of depressions, where thickets 
of bulbs and grasses grew more abundantly. In 
spring, when the snow-melt began, small streams 
ran down into depressions and watered the soil. 
The Indians directed these small streams and 
mudflows into natural depressions. Before the 
floods, on the valley bottom, they erected artificial 
barrier-dams made of bushes, stones and clay 
(Figure 15) and, after the flood, they directed the 
water to the fields with ditches 1.5–2 km long. 
Usually, these primitive waterworks were used 
briefly, because they were demolished by massive 
floods. The dam was rebuilt the next spring in the 
same place. The construction of dams and ditches 
involved the entire community. Paradoxically, 
the Paiute did not yet know cultivated plants and 
they were not farmers in the literal sense of the 
word, although they already knew some primitive 
methods of mountain-stream irrigation (Forde 
1963:35). Different retaining embankments and 
irrigation ditches were recorded also among the 
Australian Aborigines, who did not know farming 
(Campbell 1965:206–207)

Among the tribes of the New World, the path 
from harvesting methods to plant cultivation was 
very long (Roth 1887; Novikov 1959; Flannery 
1965). Only recently, archaeological material 
on the early stages of plant-growing has begun 
to be accumulated. The American researchers 
R. S. MacNeish, E. W. Haury, G. R. Willey, and 
others used a comprehensive methodology 
combining archaeological research of ancient 
agricultural settlements of the New World with 
paleo-ethnobotanic material, providing a very 
reliable and absolute dating from radiocarbon 

analyses (Braidwood and Willey 1962:84–105, 
106–131, 165–176; Armillas 1962; Heizer 1965; 
MacNeish 1965; Harris 1967; Gulyaev 1996a–
b–c). Laboratory analysis of plants remains, in 
combination with very thorough documentation 
of the stratigraphy of cultural layers, allowed R. 
S. MacNeish to ascertain the gradual increase 
in percentage of cultivated plants feeding the 
population in the Sierra de Tamaulipas, boosted 
from 10% in the period of the irregular cultivation 
of legumes, pumpkins, etc. to 65–85% in the 
period of developed irrigated agriculture of maize 
(MacNeish 1958, 1965). 

In the Tehuacàn Valley the most ancient 
cultural Ajuereado layers (10,000–6500 BCE) 
characterized the population of this valley as 
nomadic hunters and ‘harvesters’. In the next 
stage, El Riego (6500–4900 BCE), besides hunt-
ing, the basis of economy was the gathering of 
grasses, wild ancestors of maize and other plants. 
The stone tool inventory is various: different 
blades, scrapers, mortars and pestles. In the 
settlements, together with the remains of pumpkin 
seeds, pepper seeds, amaranth and several balls 
of wild cotton were discovered. At the same time, 
pumpkins were probably domesticated. 

The stage of Coxcatlàn (4900–3500 BCE) 
was characterized by an increase in planting and 
the beginning of cultivation of butternut squash, 
amaranth, pepper, beans and maize. The latter 
provided about 10% of the diet. Its share increased 
to 25% in the Abejas period (3500–2300 BCE), 
with settled dwellings and maize becoming the 
main emerging crop in irrigated agriculture.

In the latest stages of the Tehuacàn Valley 
historical development, in the Purron (2300–
1500 BCE) and Ajalpan (1500–900 BCE) phases, 
the emergence of fine monochromatic ceramics, 
sedentary settlements and the first attempts at 
irrigated agriculture occurred. In the last period, 
the Santa Maria phase (900–200 BCE), agri-
cultural products provided 50% of the population’s 
diet and some developed irrigated systems based 
on mountain streams were recorded.

Among the reports of a symposium held 
in 1936 on the primitive agriculture of pre-
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Columbian America, two reports drew attention 
to the Salt and Gila river valleys ancient irrigation 
works (Halseth 1936; Haury 1936). The ancient 
canals and the settlements, connected to them, 
were traced for almost 200 km along the Salt 
River and 96 km along the Gila River (Patrick 
1903; Turney 1929; Schroeder 1943; Shetrone 
1945). The largest canal reached 9.1 m in width 
between banks and 3 m of depth. Some of them 
were 16 km long. From only one of these canals 
the remains of 22 sites, belonging to the Hohokam 
culture (Gladwin 1957), were found.

The canal in Snaketown, in its last stage, 
reached a width of 9–10 m (in the early stage 
it was 2.5–3 m) and, from the description and 
stratigraphic sections, it had several periods of 
life. These periods are connected to cultural layers 
chronology of the main settlements of Snaketown, 
where seven phases and four main periods were 
identified: 1) pioneer (beginning of CE–500 
CE); 2) colonial (500–900 CE);3) sedentary 
(900–1150 CE); 4) classical (1150–1450 CE); 
(Gladwin 1948; Schroeder 1951). According to 
G. Hughes’ opinion, who recently renewed the 
excavation of irrigation systems in Snaketown, E. 
W. Haury was allowed to date the appearance of 
the first canals to the 3rd–2nd centuries BCE. In 
his 1967 publication E. W. Haury reported the 
excavations of a 7th–8th centuries CE canal, 15 m 
wide and another 2.5 m wide. The archaeologists 
ascertained that these canals were dug using 
wooden tools (Haury 1967:683).

P. Armillas reported the existence of such 
systems in Mexico during the Middle Ages 
(Armillas, Palerm and Wolf 1956:396). Using aerial 
photographs and field work in the Teotihuacan 
Valley, he identified canals and an old dam built 
on a small stream not far from its outfall into the 
wider part of the valley. The size of the canal 
was 10–12 m. Based on bronze needle finds 
during excavations, R. Millon dated the system to 
the period before the Spanish conquest (Millon 
1957:163). In this place there were preserved 
traces of a canal head parts in the shape of pit 
parallel rows, which were apparently strengthened 
by vertical poles and limestone blocks. P. Armillas 

referred to the information in historical chronicles 
(Velàzquez 1945:45) which confirmed the past 
existence of such a head work in Mexico’s mountain 
valley rivers. He also noted that contemporary 
Mexican Indians often used a similar technique, 
strengthening the canal heads and retaining dams 
with the help of vertical poles and brushwood 
placed diagonally to the stream flow.

Very primitive forms of temporary mountain 
streams were noted by the ethnographer K. 
Bryan among the Papago Indians tribe in Arizona 
(Castetter and Bell 1942:168), which, still in the 
19th century, placed their fields on the alluvial 
fans in small dry valleys (arroyos). Earthen dams 
strengthened by stakes, low walls, barriers made 
of bushes, and small ditches retained water and 
directed it to the fields. The fields were enclosed 
by ridges. The Papago Indians knew and improved 
a method, called balsa, for regulating temporary 
flows. A more complicated variant of the balsa 
system was also used by the Hopi Indians in 
Arizona (Figure 16) (Bryan 1929:451; Titiev 
1944:182). Material from Peru (Table 3) provide a 
no less vivid picture of the origin of agriculture and 
irrigation skills, where agriculture was preceded 
by coastal fishermen and gatherers (Towle 1961; 
Engel 1963).

The material culture of the so-called ‘pre-cotton’ 
period (4000–2500 BCE) was characterized by 
primitive stone tools, wicker baskets, nets and 
wooden items. Fishermen also gathered different 
wild edible plants: beans, peas and pumpkins 
(Jennings and Norbeck 1964). In this period beans 
and pumpkins were domesticated. 

The ‘pre-cotton’ period was replaced by the 
so-called ‘Huaca Prieta’ period (2500–1200 BCE), 
when people were already sedentary and lived 
in fairly large villages and the basis of economy 
was fishing, gathering and cultivation of beans, 
pumpkin, pepper, peas and cotton. They did not 
yet know pottery, which appeared in the layers 
dated to 2300 BCE.

The last period of the origin of agriculture 
and the cultivation of maize was between 
1200–750 BCE. Later, in the second half of the 
1st millennium BCE, larger settlements appeared 
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with big religious buildings. Irrigated agriculture 
became widely developed, and in the mountain 
valleys and in the piedmonts it acquired a terraced 
characteristic beginning the sai-stream form of 
irrigation (Kosok 1965:169–178).Editor 10

In the Central Andes there are many remains 
of ancient artificial terraces, aqueducts and 
canals, most of which, until recently, were 
attributed to the Incas (14th–16th centuries 
CE). Archaeological work of recent years show a 
more ancient origin of these irrigation facilities. 
For example, in Huancaco there are canals of 
the 8th–9th centuries carved into the rock that 
reached several meters in width. Numerous 
branches irrigated small plots (20–30 m2) of 
terraced fields and then rejoined the main canal. 
Most of the fields were strengthened by stone 
walls. Later, they developed an ingenious systems 
of fields within hollows. Large irrigated plots, 150 
× 350 m in size, were divided into rectangular 
‘cells’ with an average size of 2.5 × 3.5 m and 
separated by walls 30–50 cm thick and height 
(DAT 1964:517).

Some ancient structures in the mountainous 
regions of Peru still surprise for the acumen and 
perfection of their hydraulic engineering (Shippee 
1932). The melted glaciers water from the 
mountains was skillfully collected in streams, in 
two rows of basins placed as steps along the slopes 
(Figure 17). Basins were linked between them by 
an underground water pipe and stone aqueducts. 
The development of irrigated agriculture in Peru 
became the economic base formation of the 
American Indian civilization (Figure 18) (Mason 
1957; Izumi and Sono 1963) and contributed to 
the emergence of large permanent settlements 
and cities. At the time of the Spanish conquest, 
the cultivated plants in Peru ranged from 65% to 
85% in the population diet (MacNeish 1965:90).

The main agricultural implements in America 
at that period were digging sticks with a weight 
on the top and a footrest.Note 31 The stone weights 
of different sizes and shapes of the ancient 
settlements of California and Northern Mexico 
were studied (Holmes 1910; Henshaw 1887).

Ethnographic materials witness the wide-

spread use of stick-hoe agriculture on light alluvial 
soil in the arid zones of both New and Old World 
where agriculture first developed and also in some 
other regions.Note 32

Old World
The transition to irrigated agriculture in the 
Old World – Eurasia is best evidenced by the 
archaeological research in the Zagros Mountains 
in Iran and Taurus Mountains in Anatolia, Syria 
and Palestine, where the researchers outlined 
chronological milestones: sites of Late Mesolithic 
– 11th–9th millennia BCE (Shanidar, layers 
B1–2; Kebaran culture in Palestine); Mesolithic 
settlements of ‘harvesting people’ (wild barley, 
wheat, etc.) – 10th–8th millennia BCE (Natufian 
in Palestine, Zawi-Chemi-Shanidar in Zagros); 
Pre-Pottery Neolithic cultures, hunters-gatherers 
culture with elements of plant-growing in irrigated 
plots and possible goats breeding – 8th–7th 
millennia BCE (Neolithic A in Jericho; pre-pottery 
layers in Ali-Kosh, etc.); agricultural sites of the 
‘Neolithic revolution’ period, the development 
of irrigation, the emergence of a settled, farming 
based economy, and cattle breeding – 7th–6th 
millennia BCE (Muhammad Jafar phase, Ali Kosh 
settlement in Iran, layer VI in Çatal Hüyük in 
Anatolia, etc.); Eneolithic sites of the period of the 
first division of labor, specialization of agricultural 
and herding areas, irrigation progress in Southern 
Mesopotamia – 6th–5th millennia BCE (Eridu 
XIX–X, Hassuna I–V, Tell Es-Sawwan, etc.); 
emergence of city-states in the late 4th millennium 
BCE (Eridu IX–I; Ubaid 4, Uruk, Jemdet Nasr, 
etc.; Porada 1965; Flannery 1965; Masson 1964, 
1966a; etc.).

The development of irrigation skills in the Old 
World, in the most ancient centers of irrigated 
agriculture, took place in two main areas: the 
mountainous valleys and the alluvial plains of 
river systems. The archaeological research of 
the last ten years evidenced the correctness 
of the main findings of D. D. Bukinich, who, 
in the 1920s, wrote that “the estuary method 
of irrigation was the prototype of all modern 
irrigation” (Bukinich 1924:110). However, there 
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are very few archaeological findings tracing 
the entire improvement process of a ‘single’ 
system of irrigation, the invention of various 
hydraulic devices (head water-intake structures, 
main canals, water-regulating and water-lifting 
mechanisms, etc.). In each landscape-zone and in 
each major historical and cultural area, irrigation 
methods developed according to the local topo-
graphical and hydrographic conditions, to natural 
soil properties and cultivated agricultural plants 
(see Table 12). 

According to K. V. Flannery, in Southwestern 
Asia, the earliest cradle of plant growing, the 
optimal conditions for the origin of agriculture 
existed in the ‘strip’ of oak and pistachio forests of 
the Zagros and Taurus at an altitude of 450–900 
m asl, where the annual seasonal precipitation 
was 400 mm. There, at an altitude of 600–1200 
m asl, wild species of wheat, barley and oats grew 
best of all (see Figure 13). Alfalfa grasses (lucerne), 
species of legumes with small-sized grain, milk-
vetch (astragalus), etc. were widespread. The 
inhabitants of these areas gathered wild rye, 
goatgrass, wild flax, legumes (lentil, peas, small 
peas) and, at higher elevations, acorns, almonds, 
pistachios, as well as wild grapes, apples and 
apricots (Flannery 1965:1247–1251; Wright 
1968:338).

The archaeological site of Shanidar cave, was 
discovered in this area, at an altitude of 822 m 
asl, which gave the most significant material for 
an absolute chronology for the transition period 
to a productive economy, and a chronology of 
the late anthropogenesis of the whole Near East 
(Garrod 1930). 

Man appeared in the Shanidar cave approxi-
mately 80,000–100,000 years ago (see Solecki 
1955a–b, 1963, etc.).Editor 11 According to the 
dating, layer C (Baradostian), lying under the 
Mousterian one, was accumulated in the interval 
from 35,080±500 to 28,700±700 years ago. The 
Mesolithic anthropic layer of the Zarzian B2 dated 
back to 12,360±412 years ago (10,400±412 
BCE). The Zarzian culture was characterized by 
a very developed chipping blade technique. The 
presence in these layers of pits for storing veget able 

food indicates a higher stage of development of the 
harvesting economy if compared with the previous 
Baradostian culture. Above the Zarzian layer there 
was, without any interruption, the proto-Neolithic 
horizon B1 (8640±300 BCE). It was coeval with 
the base level of the nearby Zawi-Chemi-Shanidar 
site (dated to 8910±300 BCE). The beginning 
of the transition to a sedentary lifestyle and the 
increased development of intensive gathering 
belong to this period. R. S. Solecki supposed that 
the population of this region lived in caves during 
winter and in open-type neighboring settlements 
in summer. A possible analogue of the ‘proto-
Neolithic’ culture of Shanidar was the Natufian 
culture of Palestine.

‘Harvesting people’
The origin of agriculture in Palestine is usually 
associated to the Natufian culture. This culture is 
now represented by a significant number of sites 
(Garrod 1930, 1932, 1957; Garrod and Bates 
1937; Kenyon 1960).Editor 12 In her summarizing 
paper, D. A. E. Garrod wrote that the late 
Natufian people were the first farmers (Garrod 
1957:216).Editor 13 However, R. J. Braidwood 
questioned the agricultural character of their 
economy, although it is possible to consider 
this period as the probable “era of incipient 
agriculture” (Braidwood and Howe 1960:5, 182).

Next is the stage of the ‘village-farming com-
mun ity’ (see Kempton 1938:21).Editor 14 Very 
interest ing observations regarding the nature of 
Natufian farming were expressed by R. Amiran, 
which dealt with the problem of the origin of 
ceramic production in the Near East (Amiran 
1966).Editor 15 She demonstrated the connection 
between the skills of cooking grain dishes with the 
skills of ceramic production. The secret of cooking 
vegetable food by the Natufian ‘harvesting people’ 
was well revealed by the materials from the 
Mugharet el-Wad settlement (layer B). During the 
excavation they found a terrace with a threshing 
floor, part of which still preserved some grains 
(Garrod and Bates 1937:11–13). The winnowing 
of grains occurred on this floor (Amiran 1966: 
242)Editor 16 Beside the terrace, there was a bowl-
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shaped hollow and mortars where the grains were 
milled. A big basin-shaped pit was probably used 
to mix the rough flour or cereals with water. The 
dough was baked in a hearth, which represented 
the ‘productive’ sphere of the ‘harvesting people’: 
the inhabitants of the settlements.

Wild einkorn and barley were discovered in 
Syria at Tell Mureybet in the cultural layers of the 
9th–8th millennia BCE (Van Zeist and Casparie 
1968). Material characterizing the initial stages 
of cereal domestication in the ‘harvesting people’ 
period were obtained during the excavations at 
Beidha in Jordan (Kirkbride 1966). Here, the 
pre-pottery Neolithic is separated by the Natufian 
layers by an underlying thickness of sand strata. 
The Neolithic layers are dated to 6800±200 BCE 
(see Figure 13).

The excavations revealed unique stone dwell-
ings with painted walls and numerous stone and 
bone implements. A very important discovery were 
the remains of two-rowed barley grains, almost 
indistinguishable in appearance from wild barley 
grains (Hordeum spontaneous) growing in the same 
area. Together with barley, the wild two-grained 
wheat (emmer) was used in the diet. An important 
role in the economy of the inhabitants of this 
settlements was the gathering of nuts, pistachios 
and different legumes, as well as goat breeding, 
and gazelles and mountain goats hunting.

Of great importance for characterizing the 
period of the origin of agriculture were the 
American excavations, directed by F. Hole, in 
the Deh Luran Valley in Southwestern Iran (Hole 
1962, 1964; Hole, Flannery and Neely 1965; 
Mortensen 1964; Flannery 1965). The valley is 
located at an altitude of 200 m asl and today 
there is a dry climate (about 300 mm per year of 
precipitation) and it is irrigated by small rivers.

The archaeological research of the early 
farming settlements in the valley, Ali Kosh and 
Tepe Sabz, revealed the cultural layers of the 
8th–6th millennia BCE. The first settlements in 
this region were probably established in 8000 
BCE by goat hunters and possibly cattle herders, 
breeding goats and using good winter pastures on 
the valley slopes. They regularly harvested wild 

legumes and cereals and had already started to 
experience cereal cultivation (emmer and two-
rowed wheat), which they found in the Zagros 
Mountains (Table 4).

The excavation of open settlements, dated 
by the archaeologists to the Bus Mordeh phase 
(7000–6500 BCE), revealed small dwellings 
made of mud bricks. The floor of one of the rooms 
showed traces of a fireplace and a layer with 
carbonized wheat and barley seeds, rough unfired 
clay female figurines, as well as millstones and flint 
tools. The latter resembled the flint implements 
from Karim Shakhir. No ceramics were found. 
The economic basis of the inhabitants of these 
dwellings was hunting and regular harvesting of 
wild legumes. Traces of domesticated two-grained 
wheat and two-rowed barley should probably 
be seen as the beginning of farming. Several 
goat bones were the sure evidence of an early 
domestication stage, although there is no direct 
evidence in the osteological material.Note 33

In the following period, at Ali-Kosh tepe 
(6500–6000 BCE), farming was already playing a 
major role. Dwellings were built with large adobe 
bricks and the walls preserved traces of coating. 
The number of stone millstones finds increased. 
Flint and obsidian implements resembled those 
from Jarmo. Small objects made of local copper 
were found. Baskets and woven mats appeared. 
The inhabitants of the settlement cultivated wheat 
and barley and also raised goats, their bone-
remains bear features of domestication. Together 
with goats, sheep were probably domesticated. 
This period is characterized by an intensive 
hunting of wild oxen and onagers.

During the Muhammad Jafar period (6000–
5700 BCE), dwellings were built with adobe bricks 
on stone foundations; walls plastered with clay and 
painted. Coarse ceramics appeared. Remarkable is 
the predominance of grazing over farming, which 
was evidenced by an increase of goat and sheep 
bones in comparison to the previous period, as well 
as the increased harvesting of cereals and beans. 
The cultural layers of this period have well-known 
analogies with the upper layers of Jarmo, Tepe 
Sabz and Tepe Guran.
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At Tepe Sabz (5200–4000 BCE) survived 
the tradition of building houses on a stone 
foundation, with walls made of adobe bricks and 
their subsequent coating. This settlement was 
characterized by the painted ceramic ‘buff-ware’ 
with typical Susian traditions of ornamentation; 
there are spiral-shaped basket. The economy was 
based on irrigated farming and the breeding of 
bovines and capriovines. Among cereals, many 
should be mentioned: naked and six-rowed barley, 
one-grained wheat (einkorn), two-grained wheat 
(emmer), lentil, peas and flax.

According to H. Helbaek, the research in 
the Deh Luran valley, and also the material 
from other sites in the plain (Tell Es-Sawwan 
and Tell Mureybet), forced to reconsider the 
traditional opinion that agriculture emerged in 
the 8th–7th millennia BCE in the mountainous 
valleys of the Zagros and ‘came down’ to the 
alluvial plains of the Tigris and the Euphrates 
only in the 5th millennium BCE, and, before that 
time, the population had a ‘Mesolithic’ lifestyle 
based mainly on hunting and fishing (Helbaek 
1964b:47).

Following N. I. Vavilov, the Danish researcher 
connected the centers of early plant cultivation 
with the areas of wild-growing species. The 
selection process might have already started in the 
period of the ‘harvesting people’, who cut grain ears 
with flint implements. The process of harvesting 
contributed to the gradual consolidation of plants 
with a crumbly stamen. The first attempts to 
control the growth of useful plants were followed 
by the selection of the most useful types. In the 
original centers, where there were wild relatives, 
the cultured plants changed little, but, when the 
habitat conditions changed significantly (moisture, 
temperature, soil-salt, etc.), the preconditions for 
a substantial and irreversible change in plants 
were created. A great role was played by irrigation 
(Helbaek 1959a, 1959b:193, etc.).Editor 17

Beginning of Irrigated Agriculture
The excavations at Ali Kosh showed that in the 
plain regions with little seasonal precipitation, it 

was possible to ascertain the presence of a mixed 
economy, in which gathering was combined 
with elements of plant growing, already in the 
7th–6th centuries BCE. Agriculture was very 
likely irrigated.

We cannot exclude the possibility that the 
inhabitants of Jarmo used estuary agriculture. 
This site is located on one of the spurs of the 
Kurdish plateau. It towers above the valley of the 
Tauq Chai, a tributary of the Tigris. The dry bed 
of a mountain stream, which was periodically 
filled with water, is located at the foot of the hill. 
The thickness of the settlement cultural layers 
reached 7 m, which indicates a stable settlement. 
The finds of wheat and barley confirm the 
farming nature of the economy, and numerous 
digging sticks stone tops indicate that hoe-
farming had become a permanent occupation 
and was carried out in the light alluvial soils. The 
geomorphologic conditions of the environs of 
Jarmo allowed the population to use flood spills 
into the valley for crop irrigation.

The principle of basin irrigation and flood 
agriculture began, at the same time, in very 
different regions of the Near East. It has been 
ascertained that the inhabitants of Çatal Hüyük 
(late 7th–early 6th millennia BCE) practiced 
irrigated agriculture. H. Helbaek revealed that 
the soil-salt conditions at Çatal-Hüyük in the 
7th–6th millennia BCE were approximately 
the same as today (Helbaek 1964a).Editor 18 The 
climate was dry. Streams descending from the 
mountains surrounding the valley served as a 
source of irrigation. According to H. Helbaek, 
farming was based on natural overflow and had 
a basin character; wheat (three species), barley, 
peas, vetch, etc. were cultivated (Table 5).

In the Hassuna culture of Northern Meso-
potamia both irrigated and rain-fed farming were 
widely used. According to H. Helbaek’s data, at 
the early Hassuna settlement (6th millennium 
BCE) of Tell es-Sawwan, located on the left bank 
of the Tigris alluvial plain, farming was based on 
seasonal stream floods, which were retained by 
small primitive ridges (Helbaek 1964b:47).

H. Helbaek rightly concluded that this ancient 
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method of basin irrigation, based on gravity-fed 
canals, could be seen as the beginning of irrigation 
(see also Jacobsen 1958:70).

The development of soil-digging implements 
played an important role in the evolution of 
irrigation skills. Their historical development in 
areas with light alluvial soil was in line with the 
improving soil-digger, which, in different parts 
of the world, gradually turned into a wooden 
spade (known, for instance, already in European 
Neolithic sites) and into the complicated soil-
digger with footrest (Peru, Oceania), with a hook-
shaped finial and a handle (Peru), with a forked 
working edge (lei in ancient China) or with two 
teeth (laya in 19th century in Spain) (Figure 19).

An important improvement of the digging 
stick in the Neolithic was to weigh it with a drilled 
stone in the shape of a carefully crafted ring or 
ball (Semenov 1968:62, 348; Kosambi 1968:55) 
(Figure 20). 

The discovery of similar stone rings (with a 
diameter up to 9–10 cm and the hole of 2.5–3 
cm in) were made in the Eneolithic settlements 
of Southern Turkmenistan (Khlopin 1964:98–99; 
Sarianidi 1965:39, Pl. XXVI.16–17,22). According 
to H. D. Sankalia, in India such stone rings were 
used as weights for digging sticks and their finds 
are, apparently, the evidence of the existence of a 
primitive agriculture; they were also used as mace 
tops (Sankalia 1964:85–86). A number of stone 
drill tools was noted by archaeologists in other 
areas of the New and Old World, in particular in 
the Palestinian Eneolithic settlement of Taleilat 
Ghassul in the layers of the 4th millennium BCE 
(Mallon, Koeppel and Neuville 1934).

While on the alluvial plains (e.g., in Egypt, 
Mesopotamia and China) the development of 
agricultural soil-digging implements were wooden 
digging sticks, wooden hoes, and shovels, instead, 
on the rocky soils of the mountainous areas of the 
Near East, even in the very early stages, percussive 
implements were developed with stone tips, 
conventionally called ‘adze’ by archaeologists 
(Sankalia 1964:84–86, 102).Note 34

The increasing size of irrigation ditches, the 
complexity of irrigation techniques, and the 

appearance of hydraulic structures, such as dams 
and water-distributing devices, were accompanied 
by the development of soil-digging tools and their 
progressive specialization (Table 6). The earliest 
agricultural soil-digging tools of percussive type 
are considered the large hoes from Hassuna (an 
early agricultural site located south of Mosul) 
(Lloyd, Safar and Braidwood 1945). The earliest 
Hassuna farmers used adzes with stone blades 
and also unworked stone celts as hoe working 
edges. There are some well-known hoes, from the 
lower layers Ia and II, showing traces of bitumen 
(Figure 21.I–III). These implements, made of 
schist, quartzite and sandstone, are triangular 
in shape and with a semi-circular working edge. 
They served not only to rip the areas under 
cultivation, but rather for excavation work in dam 
construction, and for digging ditches, which are 
essential for irrigation. Although in Northern Iran 
there were ‘rain-fed’ crops, the irrigated fields 
on the alluvial soils provided the inhabitants of 
Hassuna much higher yields.

Implements very similar to Hassuna are those 
from Sialk I–II, Jemdet Nasr, Ubaid and Uruk; they 
are very close to the stone hoes from Hassuna 
(Ghirshman 1938:pl. VI; Christian 1940:taf. 
53.11–13, taf. 134.2, etc.) (Figure 21.IV–VII).

The stone implements used in early irrigated 
agriculture, apparently combined the functions of 
hoe and shovel. Anyway, it is quite clearly written 
by A. Steensberg in his very interesting article 
(Steensberg 1964).

The invention of metal tools increased many 
times the productivity of farmers and irrigators. 
It is known that the copper axe was three times 
more efficient than a stone one, the knife between 
eight and 10 times and the hoe probably five to 
seven times.

Metal appeared at different times in the vast 
areas of ancient irrigation, but historically it was 
everywhere a unique process of transition to a 
more effective form of labor. The beginning of 
metal use is now dated to the 6th millennium 
BCE (Kuzmina 1965).Note 35 The oldest metallurgic 
centers were closely connected to the oldest 
centers of irrigated farming. Particularly in these 
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areas, there appeared both metal weapons and 
the economic need for more efficient tools than 
wooden and stone ones (Figure 22). 

The intensive development of lands suitable 
for agriculture in Southwestern Asia, Caucasus, 
Iran, Northern India and Central Asia contributed 
to the gradual spread of metalworking skills over 
a vast territory and the formation of independent 
centers, as well as metal centers working on 
imported raw materials in those areas without 
ore deposits (Forbes 1964:17:Fig.5; 21:Fig.6; 
Chernykh 1965:96–110; Kuzmina 1965, 1966: 
86–98).

In the oldest areas such as Palestine (Jericho) 
and Anatolia (Hacilar VI, Çatal Hüyük), the 
earliest centers are dated to the 6th millennium 
BCE. On the Iranian plateau, in Sialk, some cold-
forged items were found in layer I3 (4800 BCE) 
and casting in Layer III4 (3250 BCE). Copper 
tinned items were recorded East in Quetta and 
Mundigak in the 3000 BCE layers; in particular 
at Mundigak, axes and hoes were found in layer 
III6. Hoe tips with identical shape are known from 
Susa (Deshayes 1960, Vol.I:233, Pls. XXX.5, 8, 
etc.; Lamberg-Karlovsky 1967:145). The develop-
ment of irrigated agriculture in South western Asia 
and adjacent areas was accompanied by 
specialization of metal soil-digging and soil-
cultivating implements (see Table 6, Figure 22). 
W. M. F. Petrie, J. Deshayes and, before them, O. 
Montelius outlined the evolution of percussion 
instruments, as adzes and hoes, from blade 
arrowheads, imitating stone celt, to blade with 
hole and shaft for handle (see Petrie 1917:16–19, 
Pls. XV, XVI, XVII; Deshayes 1960, Vol. I: 243; 
Vol. II: Pls. III, IV, VII, XV–XII, XXX, XXXLVII, 
XLIX; 1963) (see Table 6, Figure 22).Note 36  Bronze 
winged adzes or hoes with a hole and a marked 
pivot are known in the layers of the 4th millennium 
BCE in Susa C and Sialk III (Childe 1956:218). 
This type of instrument with a wide working-part 
became, probably, the prototype of the iron 
ketmen-shaped implements which later, in the 1st 
millennium BCE, were widely used throughout 
the area of irrigated agriculture.

Together with hoes, metal shovels were 

used in irrigation works in Mesopotamia and 
the Indus Valley already in the 3rd millennium 
BCE. A bronze miniature shovel of the mid-3rd 
millennium BCE is known from Susa and it is close 
in form to the shovel of Chanhu-Daro (Deshayes 
1960, Vol. I:374). This large-sized shovel, 42 cm 
long, was probably a very useful tool for earth-
works in the construction of dams in the Indus 
Valley during the Harappan civilization. These 
dams protected from the devastating floods of 
the Indus.

The massive production of metal implements 
and weapons was closely associated with the 
separation of handicrafts as a distinct branch 
of social production, which was identified by F. 
Engels as the second large social labor division. 
To this period belong such archaeological com-
plexes and cultures as Ubaid 4 and early Uruk 
in Mesopotamia, late Gerzean period in Egypt, 
Susa A-B, Sialk III and Hissar I–III on the Iranian 
plateau, Quetta and Mundigak I–IV in Baluchistan, 
Namazga IV–V in Southern Turkmenistan, and 
Shang (Yin) in China (Masson 1966a:160).

Irrigation and Ancient Civilizations
The spread of bronze implements in Southwestern 
Asia in the 4th–3rd millennia BCE increased labor 
productivity in irrigated agriculture, therefore 
a further development of irrigation techniques, 
and a higher agricultural production allowed the 
increase of an already huge population of the 
oases, leading to the origin and growth of cities, 
handicrafts, expanding of trade exchanges, the 
emergence of new social structures and classes 
that were able to arrogate for themselves part 
of the farmers product. In the cities there was a 
concentration of people (priests, state officials, 
traders and craftsmen) not dealing directly with 
agricultural production. V. G. Childe defined 
this process as ‘urban revolution’.Note 37 According 
to him, it was accompanied by an increase in 
the size of settlements up to ‘urban’ proportions, 
concentration of wealth in the capital city, 
construction of monumental buildings, invention 
of writing, development of a fiscal system, 
development and improvement of handicrafts, 
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development of exchange, origin and spread of 
widely traded luxury goods, society sharp-class 
stratification, social organization changes based on 
kinship ties, state organization based on territorial 
principles (Childe 1950; see also Masson 1966a; 
Kosambi 1968). 

But, what is the role of irrigation in these 
historical processes?

There are different theories, according to 
which the origin of the Old World state formations 
in Egypt and Mesopotamia was caused only by the 
need to organize large irrigation works.

Even L. I. Mechnikov, in his book Tsivilizatsiya 
v velikie istoricheskie reki (Civilization along Great 
Historical Rivers), divided the whole human 
history into three major periods: river, sea and 
ocean. According to him, only the need for 
irrigation works led to the origin of the slave-
based social structure and the despotic Egyptian 
state. The crucial significance of river systems for 
the development of civilizations and states in the 
ancient Orient was taken up, after L. I. Mechnikov, 
by several Western historians.

J. H. Steward, K. A. Wittfogel, and others 
supported the hypothesis of the ‘hydraulic’ path in 
the formation of civilizations in the Old and New 
Worlds (Mechnikov 1924; Steward 1953:321; 
Wittfogel 1956, 1957; Gray 1963:2–8).Note 38 

Unlike K. A. Wittfogel and the supporters 
of the ‘hydraulic theory’, and, more precisely, 
unlike the ‘institutional’ approach towards the 
formation of a state power, the Marxist-Leninist 
conception comes from the fact that the state 
arose from splitting the society into classes as a 
product of irreconcilable class contradictions (see 
Lenin, Tom 39:72–73). Editor 19 The state power was 
only an important prerequisite (condition), and 
not a consequence of the successful irrigation 
development. In a letter to K. H. Marx on June 6 
1853, F. Engels wrote about the Orient: “The first 
condition of farming here is irrigation, but it is a 
matter for the community, or for the provincial 
or central government. Governments in the 
Orient have always had only three departments: 
Finance (plunder at home), War (plunder at 
home and abroad) and Public Works (provision 

for reproduction) (Marx and Engel 1962, Tom 
28:221)

The development of intensive and regular 
irrigated agriculture in significant areas, in the 
fertile valleys of the ‘historical rivers’ (ancient 
Egypt and Mesopotamia, a little later the Indus 
Basin and, later on, the basins of the Yellow River, 
the Amudarya, etc.) became possible only through 
the stabilization of large river channels and, later, 
the main riverbeds, flood control of seasonal 
inundations using big dams, and complex and 
powerful hydraulic devices. The implementation 
of these labor-intensive projects was possible 
only by combining the efforts of large numbers of 
people with large water basins, but, in the areas 
with lack of hands, only by the inflow of labor 
from outside. Under the historical conditions of 
that period, the conquered neighboring peoples 
were forced into it.

This simple division of labor promoted 
the development of a slave-owning mode of 
production, the main features of which were: 
social-collective character, simple cooperation, 
preservation of the community-based labor and 
periodical, more or less permanent employment 
of prisoners of war in irrigation and in communal 
work. The scope of slave work was limited 
because slavery and slave relationships were not 
significantly developed in the early class states 
of the ancient Orient (Dyakonov 1963:16ff.; 
Adams 1966:96–98, 102–104; etc.). It is true 
that the organization of irrigation works has 
been associated with centralized management 
and, especially important, to a certain system 
of coercion of large masses of people to carry 
out the heavy digging projects (construction of 
dams, digging canals, etc.). There are still little 
data for an exhaustive answer to the question of 
correlation between community and slave labor 
used for irrigation. But, according to their forms 
of coercion, the slave character of collective 
irrigation work is not in doubt (see pp. 249–251).

For each historical and cultural region of the 
ancient world each had characteristics feature 
of development and productive forces, including 
both population and production means, consisting 
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of items (vegetation, soil, water resources etc.) and 
labor, i.e., production tools, by which man acts on 
nature in order to produce material goods. The 
nature of economic development, including both 
population and means of production, involved 
labor objects (soil, water resources, etc.), and 
labor means by which people influenced nature 
in order to produce material goods. These were 
particular to each historical period and cultural 
area in the ancient world. The skills in irrigation, 
as a water resource for agriculture, depended on 
both the local geographical conditions (especially 
hydrographical regimes of rivers, their water 
rate, time and character of floods, terrain slope, 
soil, vegetation, etc.) and on the characteristics 
of technical and socio-economic development of 
ancient societies.

Egypt
A primitive way of retaining natural floods by 
embanking cultivated fields, received a classical 
development in ancient Egypt, in the Nile Valley, 
which has been recently considered as the 
homeland of irrigated agriculture (Gompertz 
1927; Perry 1924:30). Questions about the origin 
of agriculture in this region is still far from being 
resolved (Reder 1958, 1960; Kink 1964:16–34, 
140–149; Arkell and Ucko 1965:155).

The earliest Neolithic sites of the transition 
period from hunters-gatherers to sedentary people 
(with sandstones, millstones, rings, tops of scepters 
and ceramics) were opened by A. J. Arkell (1953) 
in Nubia (Shaheinab, etc.). They are dated to 
5350±350 BCE. In the pre-dynastic period before 
dynasties (approximately 6th–5th millennia BCE) 
the Nile widely overflowed and left its flood for 
many months on the steppe border, which grew 
abundant swamp vegetation, and where large 
herds of animals came to drink (Hurst 1954:42–
47; Murray 1951). Already known archaeological 
sites of the Neolithic and Eneolithic, Northern 
Egypt of the 5th–4th millennia BCE (Fayyum, 
Merimde Beni-Salame in the western part of 
the delta, El Omari and Maadi in the eastern 
part, etc.) contain clear evidence of agriculture 
(remains of wheat, flint sickles, stones for grinding 

grains, clay granaries, etc.; Hayes 1964; Arkell 
and Ucko, 1965; Baumgartel 1955, 1960, 1965; 
Ehrich1965:1–46).Editor 20

In the Fayyum Oasis, the Neolithic sites 
were discovered by G. Caton-Thompson on the 
upland obliquely located over the lake (Caton-
Thompson and Gardner 1934). The place was 
useful for both kair crops on the shore moistened 
by the lake overflow and fishing. The inhabitants 
of this area cultivated emmer and barley, which, 
according to H. Helbaek (1955), differed from 
their wild-growing ancestors (Braidwood and 
Howe 1960:111). In Kh. A. Kink’s opinion (Kink 
1964:144), barley was the predominant crop. The 
crops were reaped by composite tools with flint 
inserts and perhaps digging sticks were used, as 
there are disk-shaped stone tops and rounded 
pebbles with grooves to attach to a stick (Brunton 
1937:XLII.16–21; Caton-Thompson and Gardner 
1934, Vol. I:33; Vol. II:pls. XII.26, XXX.2–3).Editor 21 
Harvested grains were stored in special pits, lined 
with straw mats. 

The inhabitants of the Fayyum Oasis were 
engaged in fishing (they wove cords of cultivated 
flax for fishing nets), hunting and possibly herding 
(Reed 1959:1637; Kink 1964:149–155).

A similar pattern of sedentary life with 
elements of farming, fishing, herding and hunting, 
can also be seen in another Neolithic site: Merimde 
Beni-Salame. The site is located in the Nile Delta, 
on the sandy strip about 2 km west of the Rosetta 
deltaic branch (Junker 1945). At Merimde, during 
the Neolithic, pear-shaped pommel stones were 
found,Note 39 one of them, as Egyptian hieroglyph 
(Gardiner 1957; Sign-list:510 T3). D. G. Reder 
rightly connected the beginning of human settle-
ments in the delta with the development of a 
primitive integrated agro-pastoral and fishing 
economy. He wrote that conditions for the 
emergence of irrigated agriculture were “initially 
more favorable in Lower Egypt than in Upper. 
Using water from individual branches was easier 
than adapting the large river flood along its entire 
length, from its first edge to the southern mouth of 
the delta. Irrigation works are likely to have begun 
in the north” (Reder 1960:177).
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According to a legend, the beginning of arti-
ficial irrigation dates back to the mythical god 
of fertility, Osiris, who seemed to have settled in 
the Nile dams in the mountains of Ethiopia and 
prevented soil swamping in the valley (Diodorus I, 
19, 5).Editor 22 The most remarkable achievement of 
early Neolithic Egypt inhabitants was the discovery 
and development of skills in irrigated agriculture 
with river floods (Forbes 1955, Vol. II:22–30). 
According to Russian agronomist I. N. Klingen 
(1898:5), who studied Egyptian farming in the 
last century, “the progress of Egyptian agriculture 
still describes the progress of regu lating the Nile 
water regime”. I. N. Klingen outlined four stages 
of skill development of irrigation in the Nile valley: 
1) marsh; 2) regulation of alluvial sediments (i.e. 
estuary ‘single’ irrigation); 3) irrigation (basin 
irrigation); 4) mountain and steppe-plain (with 
the development of water-lifting devices) (Klingen 
1898:301).

Herodotus rightly called Egypt “the gift of 
the river” (Herodotus II, 5). During the annual 
overflow of the Nile, extended from the 20th of 
June to October, the soil of the valley and delta 
was not only watered but also fertilized by the 
new sediments of river silt (Barois:13–15). It has 
been calculated that the riverbed, together with 
the cultivated lands of Egypt, raised an average of 
1 m over thousands of years (0.9–1.2 m) (Hurst 
1954:43).

Flood water did not cover the whole valley and 
delta of the Nile, although overflow from the first 
cataract is about 15 m high and in the delta it is 
6–8 m high. Thus the Egyptians distinguished the 
natural irrigation based on freshet water (single) 
from the artificial, regulated by hydraulic devices. 
Concerning the farmers of ancient Memphis, 
Herodotus said: “Now they really gather the fruits 
of the earth with less labor than other people 
or the rest of the Egyptians; they do not plow 
furrows, loosen soil with picks, or perform any 
other work on the arable fields, binding for every 
other people. The river floods and irrigates the 
fields by itself and, after watering, it returns into 
its banks; then everyone sows his field and drives 
pigs to it, they press seeds into the soil; then they 

wait for harvest time, thresh seeds using pigs and 
thus receive bread” (Herodotus II, 14).

J. C. D. Clark dated the beginning of simple 
irrigation devices to the first pre-dynastic period 
of Egypt (Amratian), which, according to him, 
could be dated back to the period between the 
5th–6th millennia BCE (Clark 1965), while E. J. 
Baumgartel, on the contrary, dated the spread of 
irrigation only to the second pre-dynastic period 
(Gerzean, 4th millennium BCE) (Baumgartel 
1947:46) It is hard to say in which period emerged 
drainage canals, embankments and dams to 
regulate and protect the fields against floods, and 
irrigation canals, which gradually formed the 
basin irrigation system, which became the basis 
of agriculture and the development of urban 
civilization in Egypt (Kink 1964:142; Saveleva 
1962:26–86).

The ancient Egyptian basin irrigation was 
linked to the seasonal rise of Nile water and the 
gravity flooding of irrigated fields (Barois 1904; 
OITD 1940:141–160). The main scheme of basin 
irrigation was to retain the Nile overflow through 
a system of longitudinal and transverse dikes 
(Klingen 1960,:208–218; Hurst 1954:47–54; 
Forbes 1955, Vol. II:3, 22–30). As the river 
flowed downstream its own sediments formed 
riverine levees. However, huge dams were 
necessary to regulate the water flow. The land 
along the river was divided into basins, with 
embankments or dams built along or close to the 
river, and the transverse levees stretched from the 
embankments to the desert margin. In ancient 
times, the area of a basin probably did not exceed 
2,000 ha. The basins, in turn, were divided into 
small squares surrounded by low embankments. 

During the rising level of the Nile, water 
was allowed to flood the land an average of 1–2 
m, which ranged from 7,500 to 15,000 m3 of 
water. Water remained in the area from 40 to 
60 days, till the silt was deposited and the soil 
was impregnated with moisture. The surplus of 
water was then discharged back. After the water 
receded, wheat, barley and other grains were 
sown into the liquid mud which then matured 
during winter.
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After the harvest in March and April, the 
flooded soil lay fallow, warmed by the hot rays 
of the sun; it cracked and was ventilated. Salts on 
the surface were later washed away by the Nile 
floods and carried out to sea. All these elements 
ensured the exploitation of the same land for 
thousands of years. 

In the period of lowest water (May and June) 
the population cleaned the canals, restored the 
dams and, to irrigate the upper fields, some strips 
of basins were built. Lateral canals brought water 
over long distances at higher levels. The chain of 
basins and lateral canals with branches formed 
a ‘water province’ (Barois 1904:11; Audebeau 
1932).

Agriculture based on the basin system, gave 
the most benefit when the use of water across 
the river valley was merged into a single well-
organized system (Avdiev 1934:70–83; Sholpo 
1941:96). Thus economic interests contributed 
to the formation of a centralized despotic state 
with a developed apparatus of governance, which 
carried out not only the process, but also the 
control of irrigation works (Struve 1934, 1965a; 
Forbes 1955, Vol. II:23). Gravity-basin irrigated 
agriculture required large and heavy labor to build 
dams on the river and embankments, and for the 
water to reach the fields. Therefore, the main 
function of the state apparatus of ancient Egypt 
was to organize the forced labor (for irrigating and 
enhancing the agricultural expansion) in order to 
increase the share of the surplus product for the 
ruling elite.

The organization, on a large scale, of basin 
irrigation in Egypt is attributed to the legendary 
pharaoh of the first dynasty Menes (Meni), who 
built dams and a series of basins along the west 
bank of the Nile in Lower Egypt. But, apparently, 
it happened somewhat earlier. According to T. N. 
Saveleva, the appearance of pictograms in sites 
of the early kingdoms depicting the land divided 
into quadrangular plots (basins) proves that the 
basin system already existed in some parts of Egypt 
(Saveleva 1962:34). A basin (?) and the scene of the 
opening of a canal are depicted on the famous pear-
shaped ‘mace’ of Scorpion, king of Hierakonpolis 

(Forbes 1955, Vol. II:21:fig. 4; Saveleva 1962:32, 
fig. 2).Note 40 It is possible that its prototype in the 
pre-dynastic period was not only a fighting ‘mace’, 
a ritual object and a symbol of power, but also the 
stone top of a diggings stick.Note 41

Africa is known for a number of petroglyphs, 
which depict women with diggings sticks topped 
with balls, several scenes of hunting and military 
battles featuring a man with a ‘mace’ and, finally, 
the ritual scenes where an important role is 
played by tops and the leader’s rod with a top 
(Stow 1930:pls. 29, 35, 70; Aliman 1960:140) 
(Figure 23).

The ‘mace’ of the Scorpion king depicts the 
king himself opening a canal with a wooden hoe.
Note 42 It depicted part of a basin, a river dike (that 
the king is going to open) and a palm-tree. Three 
men apparently strengthen the canal banks. 
According to T. N. Saveleva, the representation 
on the ‘mace-head’ of the king’s figure and people 
on the canal bank resembles an archaic pictogram 
representing a human walking or swimming along 
a canal (Saveleva 1962:32). This sign is found in 
various forms in the titles of officials and rulers of 
nomes in sites of the Early Dynastic Period.

The entire collection of such pictograms was 
recently published by P. Kaplony (1963:N. 2, 24, 
75, 92, 319). According to T. N. Saveleva, the 
majority are representations of officials connected 
with the organization of irrigation works. The 
various Egyptian titles such as ‘chief of irrigation’, 
‘watchers for the inundation administration’, 
‘chief of the canal workmen’, ‘who opens the 
dams’, ‘inspector of the inundation’, ‘watchers of 
Nilometers’, testify a great complexity, both of the 
whole irrigation system and its management (see 
Forbes 1955, Vol. II:24, 63). T. N. Saveleva provides 
data on ‘a minister of the canal’, ‘ministers of the 
two canals’ (of the two shrines) during the 1st–4th 
dynasties (Saveleva 1962:47). 

V. V. Struve, V. I. Avdiev and N. A. Sholpo 
assumed that the position of the ruler of the nomes 
was originally connected with irrigation works 
and fishing (Struve 1934:37; Avdiev 1934:80; 
Sholpo 1941:83). One of the highest positions, 
‘chief of all the royal works’, known from titles of 
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the Old Kingdom, was also likely to be linked with 
irrigation management (Saveleva 1962:48), which 
was headed by the highest official (vezir). The most 
important task of this manager was monitoring 
the Nile water level. Diodorus (I, 36, 11) wrote 
that “worried about the level of the Nile, the 
king built a nilometer in Memphis” (see Breasted 
1906, Vol. 1:90–167; OIT 1940:258–259; Popper 
1951;Drioton 1953; Borchardt 1906, 1934).

The harvest in ancient Egypt was directly 
dependent on the level of flood waters, followed 
by the priests (measuring and observing the level 
of the Nile, linking it with the seasons changes 
and the calculations of time). The priests also 
predicted the time of river floods by considering 
the appearance of bright stars (helical rise of 
Sirius). In ancient times the Nile (Hapi) was called 
‘great stream’, ‘great river’; as well as the main and 
large canals were also called ‘stream’, and ‘river’ 
(itrw). The distributors, branching from the ‘river’, 
were called ‘dug stream’ (see OIT 1940:255). 
Once the flood waters reached the needed level, it 
passed through a ‘gate’ on the banks and remained 
on the fields at a height of 0.5–2m for 6–9 weeks 
(Figure 24). With the lowering of the river, the 
dams were closed. The protective dams (not 
less than 4 m high), on which roads connecting 
settlements were laid, were strengthened by 
vegetation, poles and reed mats. In May–June 
the cleaning of the large ‘royal’ canal and small 
irrigation systems took place. The basins were 
also cleaned from excess sediments, sometimes 
reaching 5,000–10,000 m3.

The construction of reservoirs was already 
mentioned in the annals of the ‘Palermo Stone’ of 
the 5th Dynasty (Old Kingdom). The inscriptions 
of the rulers of the nomes at the end of the 
Old Kingdom and the transition to the Middle 
Kingdom reported dug canals in Upper and Lower 
Egypt, the restoration of an abandoned network, 
etc. (Saveleva 1962:45). To that time, must 
probably be ascribed the invention of hydraulic 
head works – sluices, which were later described 
by Strabo (XVIII, I, 37).Note 43 Strabo noted that 
sluices were similar to the Babylonian ones, but 
had wooden shutters.

The construction of the ‘gate’ to the mouth in 
the nome called Siut is described in the inscription 
of the ruler Kheti II (2125 BCE): “I brought a gift 
(of water) for this city ... I substituted a canal of ten 
cubits... I excavated for it upon the arable land. I 
equipped a gate for its (mouth ?) ... I supplied water 
in the highland district, I made a water supply for 
the city of Middle Egypt in the highlands which 
had not seen water... I made the elevated land a 
swamp. I caused the water of the Nile to flood 
over the ancient landmarks. Every neighbor was 
supplied with water and every citizen had Nile 
water to his heart’s desire” (Breasted, Vol. 1:407 
quoted in Forbes 1955, Vol. II:25).

The success of hydraulic engineering in the 
Old Kingdom can also be seen by the construction 
of navigation canals on the Nile at the first cataract. 
They were built during Mernere (2400 BCE) 
(Breasted 1906, Vol. 1:324; Saveleva 1962:45). In 
the Middle Kingdom, during Amenemhat III, the 
lands close to the Fayyum Lake were cultivated, 
a dam was erected and water directed into 
reservoirs for irrigating the environs of Memphis 
(Forbes 1955, Vol. II:26).

The Egyptian system of basin irrigation was 
highly efficient and productive in comparison with 
the older estuary (‘marshy’) one and it provided 
regular crops, as never before. It allowed taking 
a big step forward in all spheres of life, even 
using very primitive and mainly wooden tools 
(wooden composite hoe). This system promoted 
the formation and strengthening of the ancient 
Egyptian state in the 3rd millennium BCE. 
However, it required enormous labor costs from 
many millions of peasants, a vast army of workers. 
Still, Yu. P. Frantsev linked the term ‘hoe’ with 
‘servants’, according to Yu. Ya. Perepelkin. V. V. 
Struve, E. V. Cherezov. A. M. Bakir and some 
others have considered those people as slaves. W.  
Helck and E. Edel supposed that they were serfs 
and I. A. Stuchevskiy supposed independent farm 
producers (Stuchevskiy 1966:63–75; Saveleva 
1962:184). Convincingly, Yu. Ya. Perepelkin 
drew a picture of exploitation in the agricultural 
economic production of that time and the work of 
the employers who were controlled by overseers. 
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But, especially important for us, are the features 
of those ancient Egyptian people who suffered the 
duties of hydraulic work.

According to O. D. Berlev, the heavy con-
struction and excavation work, in particular the 
huge irrigation works (‘the king’s works’) for dam 
building and canal cleaning, were carried out by 
special groups of men called (hesbu/hesebu) in the 
Middle Kingdom sources. They were collected in 
special camps, (stany), from which the exit was not 
free. The majority of the (hesbu/hesebu) were ‘slaves 
of the king’ and they could work (free from digging 
and other work) for the rich officials and as slaves 
for part of the year (Berlev 1965:16). 

In Egypt, the basin system was improved 
rather slowly. Apparently, there was a process to 
increase the area with regular artificial watering 
of the fields (especially in the delta and Fayyum), 
in order to preserve the area irrigated by natural 
flood waters. A noticeable progress of hydraulic 
engineering, especially water-lifting and water 
regulation, was observed in the Hellenistic period, 
which may be connected to the fourth period 
(according to I. N. Klingen) in the history of 
Egyptian irrigation.

By that time, the irrigation system became 
more complex. The sources referred to the 
different categories of canals: ‘main canals’ or 
‘canals’, ‘royal canals’ (with the same function 
as the main canals), the lateral distribution 
canals (1st order), distributors (2nd order), 
irrigation canals and drainage canals to collect 
the excess or waste water. Along with the canals, 
a particular important role was played by the 
dams (‘embankments’, ‘royal embankments’) as 
well as the hub head works. To build dams, reed 
mats and woven bundles were used and some 
dams were strengthened with stones (Forbes 
1955, Vol. II:28; Zelin 1960:213, 244, 382; etc.). 
The embankments were closed by various small 
dams and they had water distribution devices, 
whose sluices were made of wood. In this age 
of irrigation, the shaduf became widely used, it 
is a water-lifting wheel, ‘Archimedes’ screw’, etc. 
(Diodorus I, 34, 2; Kryuger 1935; Boak 1926a–b; 
Yeivin 1930; Tenney 1936:7–25; etc.).Editor 23

While in the Middle Kingdom the irrigation 
duties for ‘royal canals’ and ‘royal dams’ were 
carried out forcibly by the adult male population 
of the oasis and largely by special working ‘teams’ 
(hesbu/hesebu for O. D. Berlev), in the Hellenistic 
period, there was a special labor conscription for 
each member of a rural community (adult male) 
who was obliged to work five days a year. A series 
of papyri containing data on the seasonal irrigation 
during low water were analyzed by scientists as 
W. L. Westermann, A. E. Boak and, later, O. M. 
Pearl (see Boak 1926b; Pearl 1950; Taubenschlag 
1955). O.M. Pearl reports about the distribution 
of farmers for work on the ‘six-gate sluice’: the 
main water intake of the Fayyum canal (Pearl 
1950:226–229).

The major reason for the evolution from 
the hardest ‘royal works’ of antiquity to the 
Hellenistic five-day duties seems to be found in the 
significantly increasing Egyptian population. The 
inhabitants of the Nile Valley in the period before 
agriculture were only a few tens of thousands 
(Ohlin 1965:9). During the Old Kingdom there 
were 3–6 million people; by the beginning of our 
era 5–9 million and, according to J. C. Russell, in 
the 4th–5th centuries it was reduced to 3 million 
people (Russell 1958:7–8, 78–80, 90–91; Beloch 
1886:501–507; Ohlin 1965:9, 21–22). Only at the 
end of the 19th century the level of the Ptolemaic 
age was exceeded and the population reached 
9.7 million people (in the same irrigated areas, 
approximately 2.4 million ha). The labor duties 
for cleaning canals and repairing dams was 40–60 
days, without counting the time for road work 
(Barois 1904:108–112; Hurst 1954:58). At the 
beginning of the 19th century, when Muhammad 
Ali attempted to widely extend the areas with 
controlled irrigation, canal building employed 
400,000 people permanently. W. Willcocks 
(1889:274) reported that, in some regions, the 
irrigation labor conscription reached 180 days 
per year.

Thus in Egypt the transition from primitive-
single estuary irrigation to a regular flood basin 
irrigation, hanged not only the character of the 
economy but also the character of socio-economic 
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relations, embodied in the ancient Egyptian state 
as an ‘apparatus of violence’.Note 44 The sharp 
increase in work volume and the intensification 
and labor seasonality in the period of low 
water contributed to change from a democratic 
character of irrigation duties (resulting from the 
community or tribal traditions of mutual aid 
and collective works); violent forms of coercion 
appeared.Note 45 As mentioned above, later, in 
the Hellenistic period, the nature of irrigation 
duties changed, and some population groups 
were completely exempt from duties or had the 
opportunity to engage, in their stead, a stand-
in from the population poorest (Taubenschlag 
1955:618).Note 46 Coercive irrigation duty (called 
by some ‘corvèe’) was abolished in Egypt in 1890s 
and replaced by the labor of salaried workers 
(Hurst 1954:58–59)

Mesopotamia
In ancient Mesopotamia, irrigation also began with 
an estuary or marsh single-stage. In the 5th–4th 
millennia BCE, in the valleys of the Tigris and 
Euphrates there was the second most important 
center of development of irrigated agriculture and 
urban civilization, which had a particularly great 
influence on the political, economic and cultural 
history of the ancient world. This country, called by 
the Greeks Mesopotamia (‘between the rivers’), in 
the 6th millennium BCE had similar geographical 
conditions to the Nile and to the Lower Amudarya 
of the 3rd–2nd millennia BCE; it was primarily 
marshy, rich in lakes and alluvial plains (Lees and 
Falcon 1952; Willcocks 1903:20).

The Tigris and Euphrates rivers, like the 
Amudarya, carried a large amount of silt and 
their deltas grew at a rate of 2.5 km every 100 
years (Table 7). The regime of the rivers favored 
agriculture, because the biggest water flow took 
place in summer, when farmers needed water 
most. The rivers often broke their banks, changing 
their beds and forming lateral channels.

In contrast to the gradual rising level of the Nile 
floods, sometimes the Tigris and the Euphrates 
(see Table 5) took the form of catastrophic and 
devastating floods and therefore, already in the 

early stages, the construction of protective dams 
and drainage systems was a priority (Willcocks 
1903:20–22; Gruber 1948:72; Tyumenev 1956: 
29–31; Wittfogel 1957:25). It is not by chance 
that in ancient Mesopotamia the myth of the 
flood killing mankind existed. Archaeologists 
discovered traces of large catastrophic floods 
that occurred in different periods and covered 
different parts of Mesopotamia.Note 47

River sediments, the processes of water-
logging and salinization and, most important, the 
continuous agricultural activities over many 
millennia have hidden the early stages of 
irrigation in the Mesopotamian plain to the 
modern archaeologists. The first attempts for an 
archaeological study of the irrigation facilities in 
that area were made in the early 20th century by 
W. Willcocks and, later, by E. E. Herzfeld 
(Willcocks 1903; Herzfeld 1909:345). The 
excavations of the embankment of one of the 
canals showed that it existed for a thousand 
years. In recent years, the issue of irrigation 
development have repeatedly been faced by the 
well-known scholars of Mesopotamia: D. Mackay, 
R. McC. Adams, T. Jacobsen and A. Goetze 
(Mackay 1945; Jacobsen and Adams; Adams 
1965, 1958; Jacobsen 1960; Goetze 1955).Editor 24 
However, the process of development techniques, 
the periods of irrigation technology formation 
and the formation time of ancient Mesopotamia 
irrigation systems are still largely unclear (Gruber 
1948:72). The problem of irrigation in ancient 
Mesopotamia was doubly complicated. It was 
necessary to subject the fields to controlled flood 
irrigation and, at the same time, to protect the 
crops from devastating floods.

Strabo, referring to Polycletus of Larissa, 
reported that the beginning of irrigated agriculture 
in this region was connected with soil drainage. 
He wrote: “The fact is that the Euphrates, in 
early summer, overflows, and water increases in 
the spring during the snow melt in Armenia, for 
this reason the river inevitably forms marshes 
and floods the arable lands, overflowing from 
the river banks, if it is not drained on the surface 
using ditches and canals, just like they do with the 
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waters of the Nile in Egypt. That is why the canals 
appeared” (Strabo XVI, I, 9).

The farmers who settled on the marshy river 
banks already had some experience in cereal 
cultivation and especially in irrigation. These 
skills could have been brought from eastern or 
northern regions, where mountain-brook farming 
(cultivation of wheat and barley) and estuary 
farming from river spills were already known, as 
mentioned above, at the contemporaries Hassuna 
and Tell es-Sawwan (Helbaek 1964b:47).

Between the 6th–5th millennia BCE, near the 
valleys of the Tigris and Euphrates rivers, there 
developed a peculiar culture of sedentary farmers 
(pastoralist and fishers) called by archaeologists 
Ubaid. Centers such as Eridu, Ur, Uruk and Telloh 
(Girsu), which at the time were villages, later 
(3rd millennium BCE) became major cities. The 
Ubaid culture, according to recent publications, 
chronologically continued over a long period of 
time, from 5300 to 3500 BCE (Porada 1965:149–
152) (Table 8). At the end of the 4th millennium 
BCE this culture in Southern Mesopotamia 
followed the urban civilization of Uruk. Rivalry 
began between city-states, for example, the king 
of Uruk claimed to rule over many cities. 

Many aspects of the material culture of the 
Ubaid period were studied in great detail, but 
despite this, we still know very little of the nature 
of irrigation works of this time. 

The greatest achievement of the farmers of the 
Ubaid period was the establishment of a system 
of irrigated agriculture, adapted to the specific 
conditions of the delta. At the beginning there was, 
apparently, diking of small dumping channels and 
building of miniature ‘basin’ systems, of artificial 
estuary type, then the construction of primitive 
control flood areas and different water-regulating 
head units (Forbes 1955, Vol. II:16–22). The soft 
alluvial soil allowed the use of simple tools such 
as wooden hoes and shovels. However, at the basis 
of it all was the continuous labor of creating fields 
from the erratic marshes and wetlands.

The early stage of irrigated agriculture in 
Mesopotamia, before proper irrigation, i.e. the 
stage of the estuary-single irrigation, could not be 

far prolonged (see Table 8). Where did the first 
farming settlements appear? They were located 
at the confluence of channels into overflows, 
along the banks of riverbeds and lakes (Jacobsen 
1958:60; Adams 1965:33–36) as in the outskirts 
of marshes and floods, where primitive measures 
were more easily implemented to retain flood 
water in plots diked by levees. These places 
were favorable for both agriculture and livestock 
breeding, fishing and hunting. The gradual 
movement of sedentary settlements and an 
increase in their number, in naturally irrigated 
spaces, forced the inhabitants to drain their lands 
(Goetze 1955).Editor 25 It is possible to assume 
that, in a deltaic landscape, the development of 
irrigation techniques had to pass through the 
stage of controlling riverbeds, i.e. lateral river 
channels adapted with dikes, as in other deltaic 
regions such as the Amudarya and the Zeravshan 
(see pp. 131–133). This is proven by some 
indirect data. Thus, the ancient Sumerians natural 
streams and artificial canals had the same name 
íd (Jacobsen 1958:60). 

T. Jacobsen and R. McC. Adams, who provided 
a great job on the study of the Sumerian and 
Babylonian written sources, studying the irrigation 
in the Diyala River basin, reported that originally 
the natural channels served as irrigation (Jacobsen 
1958:60), reaching the width of a hundred 
meters or more. The lateral branches and 
ditches supplying water directly to fields were, 
in contrast, small, and did not exceed a width 
of 1–1.5 m between banks and a depth of 0.5–1 
m. The combination of wide natural deltaic 
channels with small irrigation ditches is one of 
the characteristic features of the early stage of 
irrigation development in deltaic regions.Note 48

According to T. Jacobsen and R. McC. Adams, 
the main principles of gravity irrigation were 
discovered long before the Early Dynasty period, 
i.e. in the second half of the 4th millennium 
BCE (Jacobsen 1958:60). I. M. Dyakonov also 
dated a ‘regulation’ of the river to the end of 4th 
millennium BCE (Dyakonov 1959:157). But it 
is unlikely that the process of creating complex 
flood dikes along the rivers was a one-time act. 
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The Tigris and the Euphrates rivers had different 
flood water rises; so, the level of the Tigris raised 
before the Euphrates and lasted much longer, 
but the water intake from the Tigris was less 
suitable (Willcocks 1917)Editor 26 and therefore 
the Euphrates served as the main water source. 
The Tigris water was used mainly on its left bank. 
The ‘regulation’ of the river apparently began in 
the lower regions, in the deltaic branches of these 
rivers, where the archaeologists found the most 
ancient centers of Sumerian civilization. 

The continuous hydrographic changes 
demanded intensive labor to build protective 
dams and canals (Jacobsen and Adams 1958). 
The process of irrigation development in ancient 
Mesopotamia was impossible without the organ-
ized collaboration of a large number of people and 
without the association of individual communities 
into a kind of ‘water alliances’ (Avdiev 1934:73; 
Fish 1935:98; Ionides 1938; Tyumenev 1956:200; 
Dyakonov 1959:130). On the basis of these 
unions, the first small city-states of Sumer,Note 49 
such as Kish, Lagash, Uruk, etc., appeared. Their 
formation coincided with the beginning of dams 
and irrigation systems built in large deltaic 
channels. R. J. Braidwood (1952:39) dated the 
establishment of the Sumerian irrigation at the 
time of Late Uruk (3300–3100 BCE) and Jemdet 
Nasr (3100–2900 BCE) periods (Braidwood 
1952:39).

D. Mackay assumed that most of the major 
Sumerian settlements were placed in the 
meandering channels (Mackay 1945), which 
were used for irrigation as well as transportation 
routes. Reclamation and drainage work played 
an important role. The experience in making 
drainage ditches, apparently, formed the basis 
for the establishment of irrigation systems 
(Gruber 1948:71). A number of drainage canals 
was created parallel to the river and served to 
prevent flooding (Willcocks 1903:20; Contenau 
1954:41). Especially labor-intensive was the work 
of building dams and weirs, using primitive hoes, 
wooden shovels and baskets to take away the 
soil. The fertile silt was not a suitable material, 
so the large dikes and the banks of ditches were 

strengthened with layers of reed mats (Forbes 
1955, Vol. II:18). Wooden hoes with a few teeth 
were used in irrigation work. This is recorded in 
the remarkable Sumerian literary sources of the 
3rd millennium BCE, for example in the following 
verses of the Disputes between Hoe and Plow (Kramer 
1965:95–96):

Look here. Hoe, Hoe bearing knot, Hoe (from) a 
mulberry tree, whose teeth of cornel,
Hoe (from) a tamarisk, whose teeth of the ‘sea’ tree,
Hoe (with) two teeth, (with) four teeth, Hoe, son of 
a poor man, support of a man in rags …
Hoe challenges Plow.

Somewhat later Hoe lists what It can do and Plow 
cannot:

I multiply, (but) what do you multiply? I extend, (but) 
what do you extend?
When the water overflows (through eroded dam), 
you do not contain it,
You do not fill baskets with mud, You do not fill 
them with clay, you do not make bricks...

In turn Plow says to Hoe:

I am the Plow made by a mighty hand, assembled 
by a mighty hand.
…
The king holds me by handle, Harnesses my bulls 
in the yoke, All know is next to me,
All countries adore me,
All the people are happy to look upon me, My 
presence among furrows is the decoration of the 
fields,
Before the ears, which I cultivate in the fields.

This highly figurative ‘debate’ between the two 
most important agricultural implements suggests 
that during this period the plow only began to 
enter in the prosperous economy of most of the 
population of Sumer. From the text we have also 
seen that the hoe served as a universal implement. 
The hoe was both a proper hoe and plow for the 
‘man in rags’.

A. Steensberg proved that the majority of 
the large triangle-shaped basalt blades from the 
layer J6 of Hama in Syria (2300 BCE), should be 
seen as hoes-shovels for irrigating furrows (Figure 
25.I–V). He sees in such a hoe (traction-spades) a 
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famous prototype of plow implements, managed 
by two people, one of which pulls the tool by a 
rope. According to the data of A. Steensberg, until 
recently near Hama shovel-hoes were used with 
a thrust to lift the earth on the bank of irrigation 
canals during their cleaning.Note 50 Such a shovel 
was called mishiyya by the local population.

In the 3rd–2nd millennia BCE, metal began 
to enter widely within the sphere of economic 
activities of ancient farmers. The capacity of 
metal to take any shape and to become hardened 
provided the opportunity to produce various 
metal implements. By this time, in irrigated 
agriculture, besides the wooden hoe and shovel 
and the stone hoe-shovel, the metal shovel 
existed for irrigating furrows.

The shovel played an important role in 
the economy of ancient Mesopotamia. Thus, 
A. Steensberg interpreted the ‘divine rod’, the 
arrow-shaped sign marru, as a picture of a triangle-
shaped shovel. This sign was found on one of the 
triangular hoes from Hama dated to 2150 BCE 
(Steensberg 1964:116–119). The purpose of 
this hoe-shovel was to make furrows. In modern 
Iraq the spade is called marr and the digger 
marrâr. The Soviet Sumerologist A. A. Vayman 
considered this term Akkadian. According to 
oral information, the Sumerians called the spade 
mar. The corresponding pictograph character 
recalls a shovel with a rectangular rather than 
triangular working part. These images are very 
interesting as they give reason to assume that the 
older Sumerian shovel, with a rectangular blade, 
was replaced by the shovel with a triangular 
blade in the Akkadian period, when irrigation 
furrows appeared. Marduk, the Babylonian 
God of farming, “who always takes care of the 
furrows, keeps plowed fields, dams and canals in 
order” (Avdiev 1953:107), was depicted in the 
13th–10th centuries BCE with a rod in the shape 
of a triangular shovel with a forked stick.Note 51

One of the Old Babylonian texts, dated to the 
first half of the 2nd millennium BCE, referred the 
promise to reimburse borrowed ‘copper’ and it 
added: “As soon as we make (of this bronze) hoes 
and shovels (spades), which are needed to work 

in the fields, we shall give back (refund) to you, 
what we owe you” (DAT 1963:139–140).

The ancient people of Mesopotamia, the 
Sumerians and Akkadians in the 4th–3rd millen-
nia BCE, created a high culture which formed 
the basis for the later Babylonian culture. By the 
end of the Uruk period, writing appears on clay 
tablets and now these written sources enable us 
to gather some information on the development 
of irrigation techniques. A. Falkenstein states that 
a series of pictograms of the first half of the 3rd 
millennium BCE are connected with irrigation 
(Falkenstein 1936:34, N. 115, Signs 850 and 
851). There are special signs for ‘gardens’ or rather 
canals. The channels and canals served as main 
roads in the delta. It is possible that, at the turn of 
the 4th and the 3rd millennia BCE, the methods 
of basin irrigation received a certain development. 
Thus, A. A. Vayman, a scholar of pictographic texts 
of the Uruk and Jemdet Nasr periods, reports 
about huge ‘fields’ that extend in the form of long 
strips a few tens of kilometers and 0.5–2 km wide 
(Vayman 1963:14–18). Perhaps, it is about this 
method of irrigation the later text of Hammurabi 
(1792–1750 BCE) refers to: “The flood is coming 
to us and there will be a lot of water. So, open the 
sluices in direction of the ‘marsh’ in order to fill up 
with water the field near Larsa” (DAT 1964:520).

However, the main direction of development 
of Mesopotamian irrigation was towards improv-
ing systems based on the main canals, which 
“became larger and larger till the entire surface 
of the country was covered with huge canals” 
(Willcocks 1903:20). From the archaic texts of 
the Uruk period, there are terms that indicate 
canals (palgu, hiritu, pattu, atappu, etc.) and it 
implies that “they have wide (channels), which 
flowed directly from the river and also this river 
has the same names as the channels; there were 
also narrower ones connected to the first: from the 
shipping canal to canals, to row furrows or simple 
irrigation ditches” (DAT 1963:216). In the Uruk 
period complex irrigation systems had already 
been created with regular water supplies at fixed 
rate, through a variety of devices, main canals, 
distributors and irrigators (Delattre 1888). There 
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were also head-water regulating devices. A. I. 
Tyumenev, who studied the household economic 
documents of Uruk, Ur, Shuruppak (Tell Fara) and 
the temple of Bau in Lagash, wrote that at this time 
there already existed main canals 10 to 30 m wide 
between banks, which served both for irrigation 
and as waterways (Tyumenev 1956:195–196). 
The literature contains many examples of how 
the rulers of Sumerian city-states gave themselves 
the special credit for work on new irrigation 
systems and reservoirs (Tyumenev 1956:195–
196; Barton 1929:14; Dyakonov 1959:79; DAT 
1963:215–216).

I. M. Dyakonov rightly divided all the Sumerian 
lands into those naturally irrigated from rivers or 
canals, and those ‘high’, with artificial irrigation. 
He wrote: “And until now, the artificially irrigated 
lands are most exclusively on the middle course 
of the Euphrates and the Tigris, i.e. where only 
city-colonies (Mari, Ashur) emerged on the 
trade roads. In contrast, the lands in the lower 
reaches of the Euphrates, where there were the 
cities of Sippar (Tell Abu Habbah in the modern 
Babil Governorate, Iraq), Kish, Dilbat (modern 
Al-Qadisiyyah), Nippur, Adab, Shuruppak, Uruk, 
Ur, Larsa, in the lower Diyala Valley, where 
Eshnunna is placed, and in the very lower part of 
the Tigris old riverbed (Shatt al Hai, Al Muntafiq 
Province, Iraq), where Umma and Lagash are 
located, represent a continuous territory of natural 
irrigation” (Dyakonov 1959:86).

In this case, natural irrigation should be 
interpreted as gravity irrigation by flood canals, 
which was later called in Babylonian as bı̄t mē  
(Laessøe 1953:7). In the Old Babylonian texts 
there was a term for irrigation based on water 
drawing eqel dilūtim. In the Neo Babylonian texts, 
it is identical to the term bı̄t dalū (Laessøe, 1953:7). 
The Sumerians differentiated between the lands 
along the river, or GAN-ID, and the lands beyond 
the river, or GAN-GA (Forbes 1955, Vol. II:62: 
note 5).Editor 27

Part of the lands of Mesopotamia were situated 
above the river level of stream overflow already 
in the 3rd millennium BCE, therefore spouted 
vessels were developed as well as primitive 

manual water-lifting equipment for irrigating 
gardens, such as shaduf, which were frequently 
depicted on cylindrical seals.Note 52 R. J. Forbes 
published a picture of Sargon’s seal (2371–2316 
BCE) showing several shaduf (Forbes 1955, Vol. 
II:10; DAT 1964:521).

The improvement and spread of metal and 
bronze implements in the 3rd millennium 
BCE, in particular shovels, in Mesopotamia 
allowed to accelerate the construction process of 
complicated systems of parallel levees, main and 
secondary canals, dams and reservoirs, where 
the water was collected during floods and used 
as needed throughout the season (Forbes 1955, 
Vol. II:17).Editor 28 During the cleaning and digging 
of canals and irrigation furrows, combined tools 
(hoe-shovel) with a thrust for lifting began to be 
used. According to A. Steensberg and P. Leser, 
these implements became the prototype of the 
handheld wooden plough.

In a small essay on the history of irrigation 
of ancient Mesopotamia, R. J. Forbes outlined 
four main stages, considered as a unique period 
in relation to Hammurabi’s administration, 
the third of these stages is connected with the 
political direction of Hammurabi (1792–1750 
BCE; Forbes 1955, Vol. II:16–22).Editor 29 The work 
of construction of irrigation systems continued 
without interruption for over nine years. In the 
famous Code of Hammurabi, the laws 53–56 
impose a punishment for the negligent use of the 
irrigation networks, demanded the strengthening 
of dikes and dams and made obligatory the 
periodical cleaning of canals (KhDM 1950:156; 
Dyakonov 1952).

There were very interesting teachings and 
recommendations for a farmer in the cuneiform 
text, Farmer’s Calendar, dated to the early 2nd 
millennium BCE (Kramer 1965:78–85), which 
suggests that irrigated agriculture had already 
turned into a very complex branch of the econ-
omy. Interesting remarks are from the Sumerian 
teacher of irrigation: “When you start to deal 
with your field (to proceed with its cultivation), 
be alert to sluices of dams, ditches and dikes (so 
that), when you water the field, the water level 
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has not risen too high. When you drain the water 
from the fields, make sure that the fertility of the 
wet soil has been retained as you desire” (Kramer 
1965:82).

From this it may be concluded that in Sumer 
and Babylonia in the 3rd and 2nd millennia BCE, 
the irrigation of fields with complex watering 
(flooding) prevailed. A cuneiform text at the Louvre 
Museum said: “the field is covered by water and I 
no longer see its surface” (DAT 1964:521).Editor 30 

There was also irrigation with furrows (Kramer 
1965:96, 98).

The development of irrigation techniques in 
ancient Mesopotamia, the vast land management 
work, the construction of dams, a complex 
network of flood canals, aqueducts (Jacobsen and 
Lloyd 1936) and reservoirs to regulate the water 
flow contributed to the prosperity of handicrafts 
and the emergence of sciences (Gadd 1962; 
Contenau 1954; Kramer 1965:78–79). There 
were many cuneiform Sumerian-Babylonian texts, 
where in school tasks there were references to 
the data of canal sizes, the amount of land for 
constructing dams, etc. (Schneider 1931:n. 33; 
Unger 1935; Vayman 1961a:38, 1961b:240–241; 
etc.). Particularly interesting are the early data on 
the special rules for excavation work, which show 
a very rigid system of daily ‘lessons’ for working on 
irrigation canals and dams. Thanks to the courtesy 
of A. A. Vayman, who is engaged in the translation 
of mathematical texts, I am able to give some 
examples. Thus, for the construction of a canal 300 
GAR long (1,800 m) and 3 kùš wide (3 cubits = 
1.5 m), the standard of earthwork at the depth of 
the first cubit was 1/3 sar (6 m3) while the depth 
of the next two cubits was 1/6 sar (3 m3). In other 
examples, the ‘task’ for a day is again 3 m3. These 
were the standards to fill baskets with earth, etc.

According to I. M. Dyakonov, the period of 
Jemdet Nasr, on the eve of the formation of the 
Sumer statehood (end of the 4th millennium 
BCE), shows a picture of the rapid development 
in productive forces: ‘mastering’ the rivers, 
emergence of well-organized irrigation, use of 
wooden sickles and ploughs by using copper axes 
and shovels, etc. In this period a fundamental 

social reorganization took place: the wealth of 
society increased and, at the same time, began the 
division of property and the exploitation of slave 
labor (Dyakonov 1959:157).

Since the Mesopotamian state was formed in 
3000–2500 BCE, the system of forced irrigation 
work was also developed. Already in 1934, V. V. 
Struve wrote that in ancient Sumer the union of 
farming communities had stimulated interest in 
irrigation economy, imperatively demanding “the 
union of all members of the community for the 
successful management of the river. Together with 
slaves, the members of the community themselves 
took part in the work of digging canals. Also in the 
period of Urukagina, in the list of communities 
working on digging canals, warriors, scribes and 
priests were also included with the indication of 
their quota required” (Struve 1934:31).

Thus, during the reign of Urukagina (from 
2319 BCE) and the ruler of Lagash, the irrigation 
economy demanded the full effort in intensive 
labor by the entire male population. Coercions 
and cruel ‘lessons’ were necessary. According 
to I. M. Dyakonov (1968:6, 18), in the 2nd 
millennium BCE the whole population of Baby-
lonia was subjected to irrigation duties and “this 
conscription was communal and royal, as the 
water was communal and royal. Each family 
community and each adult male had to work 
up to two or more months a year. Irrigation 
activities such as the curb of the ‘Biblical Flood’ 
and the construction of massive embankment-
dams, etc. were possible only through a large 
irrigation operation, achievable only by violent 
means, specifically because just the existence 
of a separate-property society demanded state 
violence” (Dyakonov 1963:30).

China
There are many similarities in the development of 
irrigation skills in Mesopotamia and China. The 
history of mastering water resources of huge river 
systems of China is the millennial struggle with 
devastation, entailing the hard work of millions 
of peasants to build massive protective dams and 
an extensive system of drainage and irrigation 
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canals along rivers and lakes. However, irrigated 
agriculture along the banks of the great river 
systems of China developed between the 2nd–1st 
millennia BCE, later than in Mesopotamia and 
Egypt (late Bronze Age). 

As in Southwestern Asia, the early Neolithic 
farmers of the great Chinese rivers basins were 
naturally preceded by Mesolithic hunters, fishers 
and gatherers. However, the archaeological sites 
of that time have not been discovered in the river 
valleys. Mesolithic and early Neolithic sites are 
known from more northern areas (Okladnikov 
1966a) and from the Japanese islands.

But, where are the origins of the ancient 
farming culture of China?

On this matter, there are two points of view in 
the archaeological literature (Kryukov 1964). One 
is given by the first researcher of the Yangshao 
culture, J. G. Andersson (1923, 1943), and sup-
ported by some scientists who connect the origin 
of farming in China with the newcomers from 
the Caspian area: the bearers of the painted 
ware culture (see also L. S. Vasilev 1962; Ehrich 
1965:507–509); the other view rejects the direct 
diffusion from the West, although it admits the 
possibility that some cereals appeared in China 
due to cultural contacts (Kryukov 1964; Laufer 
1919). In his book The Archaeology of Ancient 
China, Kwang-Chih Chang rightly pointed out the 
complexity of the issue, the lack of data about the 
absolute age of the Neolithic cultures of China, 
the undoubted autochthonous origin of three 
species of millet, buckwheat, soybean, azuki beans, 
as well as domestic animals such as dog and pig 
(Chang 1963:53–57; Kryukov 1964; Vavilov 
1967:353–359). In the Neolithic the Siberian 
millet characterized the cultivation in the fertile 
loess lands of the Huang He Valley, while rice was 
the basis of farming in the Yangtze Valley (Table 9).

Rice was cultivated before the appearance of 
irrigation skills in Southwestern Asia (Bakhteev 
1960:43; Gushchin 1938). Its homeland are the 
mountainous slopes of the Himalayas, featuring a 
large amount of precipitation. Chinese researchers 
(Ding Ying 1958) supposed that cultivated 
rice appeared in Southern China, while Indian 

archaeologists concluded that rice replaced millet 
and became an important crop in the middle of 
the 2nd millennium BCE in Bengal and already 
penetrated from there into China (Das Gupta 
1964:14). However, because of the questionable 
original cradle of rice domestication (there were 
probably a few) the question is still unsolved; the 
wide use of artificial irrigation for this crop belongs 
to a later period.

In the Neolithic period rain-fed and slash-
and-burn agriculture prevailed (see Licent and 
Teilhard de Chardin 1925). In the Shang (Yin) 
period (Early Bronze Age) fertilizers begin to be 
applied together with weeding, tilling and some 
other agronomic activities that increased crop 
yields (Vasilev 1962:80–85). Worries about rain, 
judging by ‘fortune-telling inscriptions’, occupied 
an important place in the social life of that time. 
To bring rain, prayers were said and even human 
sacrifice practiced (Kryukov 1960). A warm 
climate with enough precipitation allowed the 
loess of fertile soil a relatively high yield even 
using primitive agricultural implements such as: 
digging sticks (lei); wooden ploughs (sy); reaping 
stone knives, etc. (Kryukov 1964:97–98).

In the Shang period urban civilizations arose, 
and the foundation of the state and the class 
society of ancient China were laid out. However, 
the role of irrigation works in these processes was 
not significant (Chang 1963:307). In the process 
of community unification and the formation of the 
first centers of urban civilization, a major role was 
played by the organization of collective work in the 
struggle against floods. Still in the 19th century, for 
example, the Huang Ho broke through a dam and 
flooded across the plain for thousands of square 
kilometers and killed about one million people 
(Popov 1925:31).

M. V. Kryukov rightly noted that “like a 
system of artificial irrigation in the Nile Valley, 
the struggle with the consequence of floods in 
the basin of the Hwang Ho was an essential 
and permanent conditions of social production” 
(Kryukov 1960:53). 

A real opportunity for controlling the overflow 
of the massive river systems of China appeared 
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only with the spread of bronze and especially 
iron tools (Chang 1963:198–202, 289). F. Ya. 
Nesteruk, referring to Chinese chronicles, wrote 
that, at the end of the 2nd millennium BCE, in 
Central China there were “virgin forests and 
marshes fed by rivers which widely overflowed 
during high water, forming vast lakes and locally 
also salty marshes, and only on elevated plateaus 
and mountainous south-facing slopes, meadows 
and steppes” (Nesteruk 1955:8). 

The Chinese written sources (Shu Jing, 
Mencius, etc.) attributed the beginning of dam 
construction along the Hwang Ho and the drainage 
of wetlands to the legendary Yu (Nesteruk 1955), 
who supposedly said these words: “I opened the 
way for the rivers across the nine provinces and 
directed them to the sea and I also deepened the 
canals and sent them to rivers” (Giles 1927).Editor 31

The basic principles of hydraulic activity in the 
Shang period was limited to attempts at regulating 
the flow of the major rivers by draining canals and 
streams. Man learned from nature and followed it. 
Mencius said: “To regulate the river by the method 
of Yu, it means to use the river in accordance 
with its features; thus it gives the impression that 
Yu did not deal with the rivers but only provided 
an opportunity to properly develop the peculiar 
forces of channels” (quoted in Nesteruk 1955:12).

Significant advances in the development of 
hydraulic engineering took place in the West 
Zhou dynasty (11th–8th centuries BCE). From 
that time the Zhouli has survived, which describes 
all the provinces with their rivers and reservoirs 
(Nesteruk 1955:17). A special part of this book 
(Kaogongji) includes advice for the construction 
of dams, drainage of canals, distributing facilities, 
etc. Thus, for instance, “the thickness (width) of a 
dam on the bottom should be equal to its assigned 
height, but at its top (crest), it decreases to one-
third. The slope of a dam should be designed away 
from the water (dry slope)” (Nesteruk 1955:18).

In the construction of canals, the Chinese 
hydraulic engineers skillfully employed the 
massive river flows (water washout technique) 
and the river sediments formed by the presence 
of protective dikes. They strengthened them 

with stones, trees and bundles of bamboo and 
brushwood (Von Li 1931; Lowdermilk and 
Wickes 1942). Rivers embanking was absolutely 
necessary for many rivers in China. During 
rainfall and snow melt at river head, water rose 
10–15 m or more (on the Yangtze a flood was 
recorded up to 28 m) (Chu Shao-Tan 1953). 
In the lower reaches of the river, stream water 
could reach 5–10 m above the surrounding areas. 
The estuaries frequently moved. Thus, over two 
thousand years, the mouth of the Huang Ho at sea, 
has shifted almost 800 km from north to south.

Along with the creation of protective dams, 
which stretched hundreds of kilometers along 
river banks and reached 20 m in height, drainage 
hydraulic systems were constructed in the basins 
of rivers (Huang Ho, Yangtze, etc.). During the 
excavations of the Shang capital in Xiaotun, 
the drainage system of north–south canals was 
discovered, it was 40–70 cm in width, 126 cm in 
depth and a maximum length of 60 m. The main 
canals had smaller branches. Similar systems 
were also found in the early Shang settlement 
of Zhengzhou (Kryukov 1960:49–51; Chang 
1963:172).

In the middle of the 1st millennium BCE, 
during the Eastern Zhou dynasty (722–481 
BCE), lighter and more economic iron tools 
replaced bronze and wooden ones for farming 
(Chang 1963:197–198). The assortment of agri-
cultural crops changed and broadened. Irrigated 
rice expanded and its yield was twice that of 
rain-fed rice. The gradual worsening of climate 
conditions, due to deforestation, contributed to 
the development of irrigation. Droughts became 
a common phenomenon.

The most ancient (mentioned in the chronicles) 
irrigation system was established in the Wei Bei 
area in 246 BCE (Nesteruk 1955:51). Using 
the main Zhengguo Canal, 173 km long (with 
many lateral branches), a territory of 162,000 
ha (40,000 qing) was irrigated. A retaining dam 
300 m long and 30 m high, was built for lifting 
water from the Jing River to the canal. The water 
intake facilities were rebuilt several times. In 
211 BCE, in the basin of the Yangtze River, a 



126 Ancient Irrigation Systems

fan-shaped irrigation system was completed, fed 
by water of the Min River. The basic idea was to 
accumulate the stream water overflow, using a 
series of distributing dikes, and to divert it into 
fan shaped canals and thence across the plain. 
The system irrigated about 200,000 ha (Nesteruk 
1955:59–63). The biggest canal in China was the 
Dà Yùnhé, or Grand Canal, with a total length 
of 1,782 km and 60 to 300 m wide, which had 
mainly a transportation function. Its construction 
was completed in 1289.

On the loess plateau of China a terraced 
agricultural system was developed long ago. The 
fertile loess soil and the hot summers with a 
long growing season promoted the wide spread 
of many important crops (King 1911). Irrigation 
appeared there not earlier than the 3rd century 
BCE (Forbes 1955, Vol. II:5); this contributed to 
the invention of a number of water-lifting systems. 
The construction of the first hydraulic chain pump 
with square blades (fan che) was attributed to Bi 
Lan who died in 186 CE (Petek 1965:28). This 
pump consisted of a closed chain with fastened 
blades, which, passing along a vertical trough, 
lifted the water up to 5 m, using human or animal 
power. According to other sources, the invention 
of a primitive pump (ta che) was made in the Zhou 
period (Nesteruk 1955:13). However, gear wheels 
were mentioned for the first time in the Han 
dynasty sources (206–220 CE) (Petek 1965:28). 
Together with devices such as the norias, in the 
1st millennium CE, large water-drawing wheels 
were used, made with bamboo and powered by 
water flow (Nesteruk 1955:14–16).

In some mountain regions of Xinjiang, the 
system of irrigation using karez (underground 
tunnels) raised underground water to the surface 
(Cressey 1958). F. Ya. Nesteruk cited data from 
Chinese sources about the appearance of ‘the 
canal with wells’ between the 3rd and the 2nd 
centuries BCE. In Xinjiang, all the oases (Handu, 
Karakhodja, Karys, etc.) still exist thanks to the 
ancient karez system. They were described in 
the late 80s of the 19th century by the Russian 
traveller G. E. Grum-Grjimaylo (1896).

Central Asia
Among the many historical and cultural regions 
of Eurasia, Central Asia is notable for the large 
variety and sharp contrasts of natural conditions. 
It combines vast sand and clay deserts with sparse 
vegetation (where pastoralism has long been 
extant); high mountains with a vertical change 
in natural landscape (used for both herding and 
farming); with fertile plains and river valleys 
which were the ancient centers of agriculture. 
The most favorable regions to develop skills 
in irrigated agriculture were: the foothills and 
isolated mountain valleys with small river alluvial 
terraces covered with green meadows, bordered 
by fading mudflows and by upper deltaic brooks; 
plains, especially deltaic areas with swamps, a 
labyrinth of lakes and streams that carried water 
to wet shores thickly overgrown with vegetation 
(Bukinich 1924:121; Gulyamov 1957:54; 
Andrianov 1961:141; Latynin 1962:23–26).

The investigations of S. P. Tolstov, M. E. 
Masson, A. P. Okladnikov, Ya. G. Gulyamov, V.  
M. Masson and other archaeologistsNote 53 proved 
that, since the Mesolithic, Central Asia was the 
area of contact of three main important economic 
and cultural zones: the zone of Neolithic settled 
farmers and pastoralist of Southwestern Asia 
(the northern periphery, which, in the 6th–3rd 
millennia BCE, was settled by the early farming 
cultures of Southern Turkmenia); the steppe zone 
of hunters, fishers and gatherers; the mountains 
area (Okladnikov 1966a:215–221; Coon 1957). 
Like other historical and cultural areas, in Central 
Asia Neolithic farmers and herders were preceded 
by Mesolithic hunters-gatherers (Okladnikov 
1966b:73; Masson 1966b: 76).Note 54

The excavation of S. P. Tolstov in the Djanbas 
4 encampment in the Aral Sea area became a 
classic site of the Neolithic Kelteminar culture, 
showing that the Kelteminar bearers, hunters 
and fishers, settled the shores of water bodies of 
the Akchadarya Delta, overgrown with reeds and 
tugai. In his detailed review of Neolithic sites of the 
Akchadarya Delta, A. V. Vinogradov (1968a:152) 
divided them into three groups: early (second half 
of the 4th millennium BCE); middle (first half–mid 
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of the 3rd millennium BCE); late (second half of 
the 3rd–beginning of the 2nd millennia BCE). He 
distinguished the proper Kelteminar culture of 
the Akchadarya from the closely related Neolithic 
culture of the Lower Zeravshan and Lyavlyakan, 
and also from other local Neolithic cultures of 
the Caspian Sea area, the Lower Uzboy and 
Western Kazakhstan (Vinogradov 1968a:153–
158; Vinogradov 1968b:12–13).

In the 6th–5th millennia BCE, in the mount-
ainous regions of Southeastern Central Asia,Note 55 
the Neolithic period was characterized by the 
possible origin of a productive economy, which 
could be seen by examples of late Neolithic 
settlements of the Hissar culture (Tutkaul, Kuy-
Bulen, Tepe-Gazien), discovered in the Hissar 
Valley on the hill slopes near mountainous brooks 
(Okladnikov 1959:176–184; Korobkova and 
Ranov 1968:18–21). The horizon of the Tutkaul II 
settlement was dated by 14C to 5150±140 BCE. 
Basically, it is possible that this culture economy 
was already herding. According to the level of 
technological development, A. P. Okladnikov 
and V.A. Ranov compared the inhabitants of Kuy-
Bulen with the early farmers of Jarmo, and they 
presumed that there was a beginning of plant-
growing (ITN 1963:91).

In the 6th–5th millennia BCE, in the piedmont 
zone of Southwestern Central Asia,Note 56 Mesolithic 
hunters and gatherers were replaced by the 
so-called Djeytun culture (Kuftin 1956; Masson 
1957a, 1961b, 1964:18–38; Ershov 1956; 
Berdyev 1966). This culture combined traditions 
of Mesolithic hunters and gatherers and new 
advanced features, reflecting a transition to settled 
agriculture (Masson 1962a:159).

The sites of the Djeytun culture occupied 
the northeastern border of the Midlle East vast 
territory, where the transition to agriculture and 
herding took place (Masson 1964:37–38). D. D. 
Bukinich, studying the piedmont of the Kopetdag 
in the 1920s, drew attention to the favorable 
conditions for the development of irrigated 
farming. He outlined the successive stages in 
the development of irrigation skills, which were 
connected to different natural regions (see also 

Gulyamov 1957:54–65; Latynin 1962:23–26). 
These consist of mountain highlands with centers 
of wild growing grasses (barley), the edges of 
dampened mud flows and mountainous streams, 
the heads of deltaic brooks and, finally, the valleys 
and deltas of large rivers (Bukinich 1924:121; see 
also Sarianidi 1965:42).

The first crop in these regions were grown 
in piedmont strips, on the flat areas of flood 
dampened silt. D. D. Bukinich wrote: “The 
microrelief of these areas was so useful for 
making fields that a farmer did not need any 
kind of leveling or construction of any water 
facilities. It was very important to build a small 
dike along the margins of a field to retain water 
for a certain period” (Bukinich 1924:110). 
This very primitive method of irrigation, which 
consists in the artificial retention of flood water 
into diked areas, was needed for growing crops 
and it started the development of irrigation. The 
ancient farmers “could reduce all operations for 
cultivating useful plants to throwing seeds into 
the wet silt, without any plowing” (Bukinich 
1924:113). D. D. Bukinich observed the Ustyurt 
Kazakhs who, in order to press the thrown wheat 
grains into the wet silt, drove herds of sheep in the 
fields several times. 

The observation of D. D. Bukinich was largely 
confirmed by the archaeological study of the 
Djeytun culture sites as Djeytun, Chopan-Depe, 
Bami, Chagylly-Depe, etc. Numerous finds of 
typical harvesting knife blades (in Chopan-Depe 
a bone base was found), mortars and millstone 
and also seeds of dwarf beans and common wheat 
(Chagylly-Depe), prints of stems and barley seeds 
preserved in the clay coating floors (Djeytun, 
Chopan-Depe) indicate that the inhabitants of 
these settlements already knew farming very well. 
Most of the settlements were located on the delta 
plains of piedmont streams and sai, where rain-fed 
farming would have been impossible. Canals and 
fields in sites of the Djeytun culture have not yet 
been discovered.

In 1956 V. M. Masson and geologist L. G. 
Dobrin surveyed the environs of the Djeytun, 
where water of the Kara-su stream crossed a 
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large sand dune, then watered a depression near 
the settlement, where irrigation was based on 
floods. The prospecting trench made by G. N. 
Lisitsyna in the area of a supposed ancient field 
disclosed buried soil apparently dated to the 
time of the Djeytun culture (Lisitsyna 1965:25). 
According to A. A. Marushchenko, the irrigation 
was not based on estuary farming with floods, as 
V. M. Masson and G. N. Lisitsyna thought, but 
on dammed valley-brooks (Masson 1964:20; 
Lisitsyna 1965:24). There were no clearly marked 
floods in the brooks of this area, and the farmers, 
locking the course of the brooks with dams, 
provided artificial overflows, which were probably 
encircled by embankments.

Developing the idea of D. D. Bukinich, V. M. 
Masson wrote that “in the primitive irrigation 
of the estuary type, it was sufficient to enclose 
certain plots with ridges, regulating the flow of 
water and to throw grass seeds into the wet mud” 
(Masson 1964:20; Lewis 1966:472). According to 
the paleogeographical research of G. N. Lisitsyna, 
in the piedmont zone of the Kopet Dag, there 
existed favorable conditions for the transition to 
a sedentary lifestyle and irrigated agriculture in 
the mountain streams and watercourses; on the 
mountain slopes grew juniper forests and green 
pastures (Lisitsyna 1965:89–90).

Another site of the Djeytun culture, Chopan-
Depe, was located in the lower reaches of the 
Altyyab River, where traces of a former small 
riverbed were seen at the base of the site 
(Ershov 1956:13). Perhaps, there was a dam in 
the riverbed in order to water the sown plots 
(Masson 1964:21). In recent years, sites of the 
Djeytun Neolithic culture have been discovered 
in Southeastern Turkmenistan and also in deltaic 
sediments of mountainous brooks (Chagylly-Depe, 
Chakmakly-Depe) (Berdyev 1966:3).

The estuary and mountain-brook character of 
irrigated farming was typical not only of Neolithic 
Southern Turkmenistan, but also of the later Anau 
culture farming, which developed in small oases 
of the piedmont (Table 10). However, at the 
time of Namazga I (Anau I B), settlements were 
already located in the middle flow of streams 

and small rivers, and the ancient inhabitants 
apparently knew well methods of flood control 
through retaining dams and small ditches (as was 
done under similar environmental conditions in 
Northern Mexico and in early farming settlements 
of the Hohokam Indians) (see p. 105).

In the period of Namazga I, the major farming-
herding settlements developed over an area of 
more than 10 ha in size (Kara-Depe, Namazga-
Depe, Ulug-Depe, etc.) (Khlopin 1964:97–98). 
To the material culture of that time, belong 
some well-known and preserved flint blades 
from reaping knives, millstones, mortars, pestles, 
grinding stones, as well as stone pommels 
(from Anau North), which served as weights or 
digging sticks. The main crops of that period 
were two-rowed barley and common wheat 
(Pumpelly 1908, Vol. II:471–473; Khlopin 
1964:93; Sarianidi 1965:41).

In the late 5th–early 4th millennia BCE the 
zone of productive economy moved northeast 
(Adykov and Masson 1962:61; Khlopin 1968:34). 
The limited natural resources of the piedmont 
zone of Turkmenistan forced farmers to develop 
their economy on mountain streams and brooks 
and the already exploited principles of gravity 
irrigation (see Table 8), to seek out greater and 
more permanent irrigation sources (Sarianidi 
1965:47). By that time, metal implements 
appeared in the Anau farming tribes, including 
axe-adzes that may have been used by the 
ancient irrigators in the late stages of Namazga 
I. At the beginning of the 4th millennium BCE, 
the farmers moved to the shores of the Tedjen 
River deltaic channels, where a group of sites was 
conventionally known as the Geoksyur Eneolithic 
Oasis. It was studied in 1956–1963 by the 
combined forces of 14th unit of the YuTAKE and 
the Karakum team of the Institute of Archaeology 
of the Academy of Sciences of the USSR. As a 
result of research and excavations, V. M. Masson, 
V. I. Sarianidi and I. N. Khlopin found the cultural 
and historical features of Eneolithic sites and 
developed their precise chronology. G. N. Lisitsyna 
did a paleogeographical study of the oasis and, 
through aerial photography,Note 57 she discovered 
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some unique sites of ancient irrigation works of 
the late 4th–early 3rd millennia BCE.

At present, all the ‘oasis’ is a takyr plain covered 
with dunes and sand ridges, cut across by traces 
of numerous shifting deltaic channels, the main 
one flowed from southeast to northwest, following 
the general terrain slope. The archaeologists 
were able to identify three groups of buried 
riverbeds corresponding to the main stages of 
the oasis existence (Yalangach, Geoksyur I and 
Geoksyur II stages) (Lisitsyna 1965:52). In the 
4th–3rd millennia BCE this deltaic area was a 
green oasis with tugai forests, cane thickets along 
the riverbeds and overflows. Canes were widely 
used by ancient farmers for a variety of household 
needs, in particular for the manufacture of baskets. 
The latter were discovered during archaeological 
digs (Sarianidi 1961). According to G. N. Lisitsyna, 
the baskets could have been used to remove 
soil during the construction of canals (Lisitsyna 
1965:101–106).

A small irrigation system, now only detected 
at low elevation, was discovered by G. N. Lisitsyna 
near the settlement of Geoksyur I. It consisted of 
two canals branching from the riverbed of the 
Geoksyur I phase almost at right angles. This 
system was traced on the terrain for more than 
2.5 km. According to G. N. Lisitsyna, the oldest 
canal associated with the Yalangach phase of 
riverbed flooding (late 4th millennium BCE) was 
covered by some later canals. The trenches dug 
through the canals revealed a clear lens of aeolian 
sand deposit. Canal 1 was 3.47 m wide between 
ridges and 1.2 m deep. Canal 2 was 5.05 m wide 
and had a depth of 1.24 m below the ancient soil 
level (Lisitsyna 1965:116–118).

In 1964, a female statue of the goddess of 
fertility was found in one canal, not far from 
its head (Lisitsyna 1966:99–100). The slope of 
the system revealed a reduction of the canal 
bed with an average of 20–50 cm per 1 km. 
Lisitsyna successfully compared the results of her 
archaeological research on canals with Sumerian 
and Babylonian written sources. It appeared that 
the size of canals near Geoksyur I were very close 
to the irrigation canal described by A. A. Vayman 

(1961a–b) based on cuneiform texts from Ur of the 
mid-18th century BCE.Editor 32 This canal was fed by 
the Euphrates and was 4–6 m wide (two narrow 
and two broad parts) and 1 m deep.

According to the evaluation of G. N. Lisitsyna, 
the construction of a canal in the Geoksyur Oasis 
with a cross-section of 2.5 m2 required 2,500 men, 
i.e. 100 men might have dug it in 25 days (Lisitsyna 
1965:128–129). In 1964 the soil scientist N.G. 
Minashina, researching the canals of the Geoksyur 
Oasis, concluded that the functioning of these 
canals was very short. The canals were made 
after the delta dried up because of the shifting 
of the Tedjen channels. In her view, the process 
of salinization was probably aggravated by the 
general xerophytization of Southern Central Asia 
and the neighboring eastern countries (Whyte 
1961). In the Yalangach period (end of the 4th 
millennium BCE), watering the territory was 
still significant, but by the beginning of the 3rd 
millennium BCE many eastern channels of the 
Tedjen Delta were filled with alluvial deposits. 
Several settlements were abandoned. Water was 
not sufficient and farmers began to build artificial 
reservoirs together with irrigation canals. One of 
the reservoirs studied by G. N. Lisitsyna, at the 
western edge of Mullali-Depe, was round in shape, 
35 m in diameter and connected with a ‘sleeve’ to 
the riverbed of the Geoksyur II phase. According 
to G. N. Lisitsyna (1965:111), this reservoir was 
reused as early as the Yalangach period.

Of great interest in the work by G. N. Lisitsyna 
(1965:41–74), in addition to the descriptions of 
canals and reservoirs, is the material concerning 
small buried river beds (8 to 20 m wide), covered 
by later sediments and crossed by trenches. The 
riverbed of the Geoksyur I site had a width of more 
than 19 m and a depth of -2.65 m in its central 
part. In section an older (Yalangach phase) but 
bigger canal (Lisitsyna 1965:61–62) was clearly 
evident. The published profiles suggest frequent 
hydrographic channel changes, which gradually 
filled with silt and then faded out. However, the 
archaeological excavations revealed clear traces 
of their artificial embankment.

From the material published by G. N. Lisitsyna, 



130 Ancient Irrigation Systems

we concluded that the people of Geoksyur quite 
successfully applied the mountain-brook irrigation 
experience in the piedmont zone of the deltaic 
plain area, but failed to realize further possibilities 
for water regulation with diked channels. Without 
any embankments, the river moved northwest. 
The channels became silted and dried up and, 
in the mid-3rd millennium BCE, the Geoksyur 
Oasis was abandoned (Lisitsyna 1963; Sarianidi 
1965:44).Note 58

Between the 3rd and the 2nd millennia 
BCE, bronze metallurgy skills started entering 
the steppes of Central Asia and Kazakhstan and 
independent centers appeared (Kiselev 1965:102; 
Kuzmina 1966:88–90). During this period, the 
Central Asian plains completed the process of 
internal development of the Neolithic tribes 
economy, which had borrowed herding skills 
(cattle and horse breeding) and farming, as well 
as the skills in metal working through cultural 
contacts with the agricultural civilizations of 
the Caspian Sea area, the Iranian plateau and 
Northern India (Tolstov and Itina 1960b:17–23; 
Kiselev 1965:53–57; Kuzmina 1966:89–90; Itina 
1967:79). These processes were accompanied by 
migration of the steppe tribes. They contributed 
to the emergence of skills in irrigation on the 
Murgab, Zeravshan, Fergana and Amudarya 
Valley, where, in general, the favorable conditions 
of the moist delta developed preconditions for 
kair and estuary agriculture, followed by artificial 
irrigation based on dampened regulated riverbeds 
and derived from smaller canals.

The primitive rain-fed agriculture (the main 
economic activity together with herding) appeared 
at this time also in neighboring steppe areas of 
Northern Kazakhstan and the Ural region. In 
1951 A. A. Formozov, and later V. M. Masson, 
suggested that wheat and domestic animals 
appeared in these northern regions under the 
influence of ancient farming tribes, bearers of 
the painted ceramic culture (Formozov 1951:5; 
Masson 1959:114). 

According to S. V. Kiselev (1951:99–102), 
farming played an important role in the economy 
of the Andronovo pastoral tribes and he linked 

their origin with the transition to farming.Note 59 
In his article published posthumously on the 
cultures of the Bronze Age, S. V. Kiselev (1965:34) 
noted the farming character of the early Srubnaya 
culture (late 3rd–early 2nd millennia BCE), whose 
economic activities were linked to the river, rich 
with floodplains, good wetlands, lush meadows 
and forests with abundant wild animals and birds. 
According to K. V. Salnikov, the Andronovo tribes 
of the Southern Urals in the mid-2nd millennium 
BCE already represented a population completely 
devoted to herding and farming (Salnikov 1951a, 
1951b:124–126, 1965:23). Their settlements 
were usually placed on the margin of a river 
terrace or in the modern floodplain and their 
economy was based on herding and floodplain 
hoe farming. 

Between the cultures of the Eurasian steppes, 
and the ancient centers of settled farming in the 
South, there were several connections. Even S. 
P. Tolstov, in publishing the material of Djanbas 
4 Neolithic site, noted the strong influence of 
the southern cultures of the early Anau of the 
Kelteminar culture (Tolstov 1948a:66; Vinogradov 
1968a:170–171). This was confirmed by further 
studies on the Kelteminar culture provided 
by A. V. Vinogradov (1957a, 1968:135–152; 
Marushchenko 1957:7; Masson 1964:178). 

The connection of the steppe cultures with the 
southern tribes of settled farmers of later periods 
(2nd–early 3rd millennia BCE) was traced in 
Turkmenistan,Note 60 where the steppe type pottery 
of the Bronze Age was found not only in the vast 
areas of the Karakum and the Uzboy (Tolstov 
1952b:4–6, 1958:52–57; Itina 1959c:259), but 
also in the layers of the 2nd millennium BCE in 
sedentary agricultural sites of the piedmont zone 
(in Anau, Tekkem-Depe, Namazga-Depe and sites 
in the Murgab Delta) (Pumpelly 1908: Vol. I:49, 
149; Ganyalin 1956:86; Masson 1959:117).

In the East, in the Zeravshan Valley, where in 
1950 Gulyamov found the Zaman-Baba graveyard, 
contacts of southern and northern cultures were 
also traced (Gulyamov 1956; V. Masson 1956:305, 
1957b; Kuzmina 1958; Askarov 1962a–b, 1963).
Editor 33 V. I. Sarianidi traced the analogies of flint 
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items, copper and stone ornaments, as well as the 
construction of ceramic kilns between Zaman-Baba 
and Khapuz-Depe. He even considered possible 
the infiltration of part of the population from 
the piedmont plain to the northeast (Sarianidi 
1964:65). Whatever the nature of  cultural contacts 
between the population of the southwestern 
farming oases of Turkmenistan and the population 
of large river valleys and deltas of Central Asia, 
these contacts contributed to the formation of 
unique farming cultures. 

Judging from the Zaman-Baba settlement digs, 
located 0.5 km east of the Zaman-Baba graveyard 
on the dry riverbed of the Bujayli, the economic 
basis was represented by kair agriculture and 
herding (Askarov 1962b, 1963). Impressions 
of straw, wheat and barley were found in the 
settlement of Zaman-Baba. By definition of the 
botanist F. Kh. Bakhteev, in one of the clay pieces 
there was a well-preserved imprint of barley film 
(Bakhteev 1962). The discovery of broken parts 
of millstones, pestles and sickle blades from the 
settlement and the graveyard also confirmed 
the important role played by agriculture in the 
economy of the Zaman-Baba bearers.

The research material on the ancient irrigation 
of the Lower Zeravshan was recently published 
by Ya. G. Gulyamov (Gulyamov, Islamov and 
Askarov 1966). The authors outlined the main 
stages of development of irrigated farming, 
elucidated the different aspects of culture and 
economy, and hypothesized that the absence of 
large diverting systems and the preservation of 
traces of only a small network were evidence 
of the use of fading riverbeds, the creation of 
artificial overflows and their regulation in natural 
and artificial estuaries (Gulyamov, Islamov 
and Askarov 1966:16–17). According to Ya. G. 
Gulyamov, the beginning of irrigation in the 
Zeravshan was connected with damming the 
ancient deltaic channel of the Gurdush and the 
creation of small irrigation canals. Judging by the 
report of A. R. Mukhamedjanov around Zaman-
Baba, a small canal 3 km long and 2–2.5 m 
wide was found, from which narrow irrigation 
canals 0.5 m wide were diverted. No pottery 

was found, but it is possible that it belonged to 
the Bronze Age. It should be noted that, near 
Zaman-Baba, sites of the mid-2nd millennium 
BCE were also known and that the majority of 
the researchers considered the sites very close to 
the Tazabagyab culture of Khorezm (Gulyamov 
1956:149; Askarov 1962a:17). As in Khorezm, the 
inhabitants of the deltaic areas practiced irrigated 
agriculture along with pastoralism.

The settlement excavated by B. A. Litvinskiy 
in 1955–1956 at Kayrakkumakh provided some 
evidence of late Bronze Age irrigated agriculture 
in the Upper Syrdarya (Litvinskiy 1959:191–196). 
However, the main occupation of the people of 
Kayrakkumakh was herding.

Sites of the settled-farming culture of the late 
Bronze Age were discovered in several places in 
the Fergana Valley near Eylatan, Kuga, Tyuyachi, 
Chakana and especially near Chust (Voronets 
1951; Sprishevskiy 1957; etc.) and Dalverzin 
(Zadneprovskiy 1962:11–37). The so-called 
Chust culture of painted pottery had some 
similarities with the culture of Anau III, Namazga 
VI and Murgab (Takhirbay, Auchin-Depe) (see 
Zadneprovskiy 1966).

The agricultural sites of the Fergana Valley in 
the Bronze Age were mainly located on the second 
terrace above the floodplain of the Syrdarya and 
its main channels (Zadneprovskiy and Kislyakova 
1965:237). The natural conditions of late 2nd–
early 1st millennia BCE differ little from today 
and agriculture in that period was irrigated. Yu. 
A. Zadneprovskiy suggested that agricultural 
development in the Fergana Valley started under 
the influence of the more developed southwestern 
regions of Central Asia (Zadneprovskiy 1962:200). 
At the Chust settlement, sickles, millstones, pestles 
as well as grains of common wheat, barley and an 
unknown plant similar to millet (Khudayberdyev 
1962) were discovered. Yu. A. Zadneprovskiy 
published the data from a geomorphologic study 
of the sai in the Eastern Fergana Valley, such 
as Andijan-sai and Shaarikhan-sai, which were, 
according to the geologists, originally derived from 
the Karadarya (Ryjkov 1957:72).

The scheme of artificial irrigation development 
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in the Fergana Valley and its presumed historical 
stages are outlined in the work of B. A. Latynin. He 
identified three main stages in the development 
of irrigation techniques in Central Asia (Figure 
26). The first stage, covering a considerable 
period of time (from Neolithic to late Bronze Age 
and early Iron Age), was the period originating 
irrigation skills and the development of naturally 
irrigated estuary-farming, the use of estuary 
brook floods fading onto the plain, and the use 
of temporary streams as well as the lower parts 
of river floodplains in the foothills of the Fergana 
Valley. From the simple embankments around 
plots, farmers gradually progressed to drain the 
excess water into neighboring lowlands and 
cleaning silted deltaic channels. The oldest system 
with lateral canals, presumably appeared as a 
consequence of land reclamation work, regulating 
overflows and riverbeds.Note 61

The second stage was characterized by the 
transition to artificial irrigation methods and the 
creation of small irrigation systems with a water 
distribution network on the slopes of foothills, and 
devices such as dikes and reservoirs at the mouth 
of sai ravines.Note 62 At that time simple methods of 
water management were invented, in the form of 
water barrages (wooden tripods or sepaya, stone 
embankments, etc.) and head works. The territories 
of the upper terraces were connected to swampy 
lowlands and the lands flooded during freshets. 
In Fergana, this second period lasted from the 
3rd century BCE to the 4th century CE, which 
coincided with the period of intensive development 
of class relations and the formation of an ancient 
state: the Davan kingdom (Latynin 1962:28).

The third stage began in the piedmont regions 
with the appearance of more complex fan-shaped 
systems with special head works and significant 
main canals, demanding large earthworks and 
constant sediment removal. Above the main 
upper distributing nodes of irrigation system 
there were fortified settlements: tepe (Sarykurgan 
on the Sokh, Shosh-tepe and Sharikhan-sai, 
Kala-i-bolo in the Isfayram Valley, etc.).Note 63 
That period, coincided with the beginning of the 
Fergana feudalism (5th–7th centuries CE), iron 

implements were improved (heavy iron ketmen), 
the area of irrigated lands discernibly increased 
and the efficiency of irrigation and water-lifting 
facilities widespread (Latynin 1962; Gaydukevich 
1947, 1948).

Considerable work on the study of irrigation 
in the late Bronze and early Iron Ages was pro-
vided by the Southern Turkmenistan Complex 
Expedition (YuTAKE), in connection with the 
study of the ancient agricultural settlements of 
the Meshed-Misrian plain and the Murgab Delta 
(M. Masson 1955; V. Masson 1954a:5–7; 1954b, 
1956a–b).Editor 34

V. M. Masson spent 1951–1953 in a com-
plex archaeological survey of the Misrian plain 
and its ancient irrigation structures. He traced 
the riverbed of one of the main canals of the 
settlement of Chat (at the confluence of Sumbar 
into the Atrek) prior to its outflow into the plain. It 
dug ‘mysterious’ ridges, which, according to some 
authors (S. A. Ershov, S. A. Shuvalov), were water 
distribution facilities of estuary irrigation based on 
local waters. The ridges appeared as ancient canals 
calculated on the basis of regular water flow. V. M. 
Masson dated the creation of this developed canal 
system to the late 2nd–early 1st millennia BCE 
(the culture of Archaic Dahistan).

S. P. Tolstov and M. A. Itina connected the 
beginning of agriculture in the lower reaches of 
the Amudarya with the early Suyargan-Kamyshli 
culture, when “perhaps, there were the rudiments 
of farming, but hunting, fishing and, likely, herding 
played a large role” (Tolstov and Itina 1960:28; 
Tolstov 1948a:348, 1948b:77–78; Tolstov and 
Kes 1960:82–89).

A. V. Vinogradov, based on the materials of the 
excavated late Kelteminar encampment of Kavat 
7, deduced a direct genetic relationship between 
the late Kelteminar and the early Suyargan 
people (see also Gulyamov 1957:51–54; Masson 
1964:184:note 103). A. V. Vinogradov wrote, in a 
rather valid comment, that the Kamyshli culture 
population “marked a qualitatively new stage in 
the history of the population of Khorezm, a stage 
which we connect with the appearance of the 
first metal implements, farming and herding. 
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According to the archaeological periodization 
this one is already Eneolithic. From here, there 
were a lot of features in the material culture, 
unusual for Kelteminar, in particular flat-based 
pottery, impoverishment of ornamentation, etc.” 
(Vinogradov 1968a:176).

By 1948, S. P. Tolstov had noted the close 
relationships between the Suyargan culture 
with the farming cultures of the painted pottery 
of Anau, Transcaucasus, more ancient sites of 
Northern Mesopotamia and Northwestern Iran 
(Tolstov 1948b:78). V. M. Masson rightly pointed 
out that in the marshy lowlands of the Amudarya 
Delta wild grasses were absent and the first wheat 
in the Khorezmian fields was received only from 
the south (Masson 1964:184). This is probably 
confirmed by the fact that the contemporary 
traditional cereals of Khorezm, the endemic club 
wheat, has a typical mountain origin (Vavilov 
1967, Tom 1:105; Jukovskiy 1950:87).Note 64 It 
was spread throughout Southern Turkmenia in 
the 4th–3rd millennia BCE (Anau I, Namazga I, 
Namazga IV–V) (Yakubtsiner 1956:108). Accord-
ing to V. M. Masson, from there the wheat and the 
barley were brought to the Lower Zeravshan, to 
the population of Zaman-Baba, and then to the 
lower reaches of the Amudarya “together with 
vessels with certain shapes” (Masson 1964:184).

In the mid-2nd millennium BCE (and possibly 
somewhat earlier),Note 65 Suyargan tribes of farmers 
and herders, together with tribes of another 
culture, called by S. P. Tolstov Tazabagyab, 
settled in the lower Amudarya reaches (Tolstov 
1939:174–176; 1948a:66–67; 1948b: 76–77; 
1957a:36–42; Itina, 1959a–b, 1961, 1962, 
1967).Editor 35 According to M. A. Itina (1962), 
the Tazabagyab culture was formed in Khorezm 
as a result of the merging of newcomers from 
the contact area between the Srubnaya and the 
Andronovo cultures in the Ural region with the 
autochthonous people, bearers of the Suyargan 
culture.

The Tazabagyab tribes, bearing the skills of 
primitive floodplain agriculture of the Srubnaya-
Andronovo tribes, created in Khorezm the 
particular type of integrated economy of semi-

settled farmers (in delta drying channels) and 
herders (Itina 1967:75). Apparently, M. A. Itina 
(1967:73), was right in considering the irrigation 
farming of the Tazabagyab tribes as the main 
evidence for distinguishing the Tazabagyab as a 
special culture of the Steppe Bronze Age (compare 
with Masson 1957:53). As we shall see, the 
original Bronze Age irrigation was an early step 
in furthering improvements of irrigation facilities 
in the Aral Sea area.

* * *

An overview of the origin and development of 
irrigated agriculture in different areas of the 
Old and New Worlds allows to highlight some 
of the most ancient, geographically iso lated and 
chronologically different areas of irrigated farming: 
the Near East and East Mediter ranean (8th–6th 
millennia BCE); Iran-Central Asia (6th–5th 
millennia BCE); Nile (5th–4th millennia BCE); 
India (4th–2nd millennia); India-Malaysia (3rd–1st 
millennia); China (3rd–1st millennia BCE); 
Mesoamerica and Peru (3rd millennium BCE–1st 
millennium CE) (see Figure 14). Natural resources, 
which form the basis for the development of 
irrigated agriculture, were distributed unevenly 
among the continents. Even F. Engels noted that 
the Old World “had almost all the animals suitable 
for domestication and all kinds of grasses useful 
for cultivation, with the only exception of one. 
While in the western lands, America, among all 
the mammals suitable for domestication, only 
the llama was present and only in the southern 
part of the continent, and among all the grasses 
suitable for cultivation, only one was present but 
it was the best of all: maize. Because of this gap 
in natural conditions, the human settlement of 
each hemisphere developed its own path and 
the peculiarities of every phase of sociocultural 
development were different for each of the 
hemispheres” (Marx and Engels 1961; Tom 21:30).

In the Old World, the distribution pattern 
of the earliest settled farming settlements, such 
as Jericho in Palestine, Jarmo, Sarab and Tepe 
Guran in Iraqi Kurdistan, Ali Kosh and Tepe 
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Sabz in Southwestern Iran, and Çatal Hüyük 
and Hacilar in Anatolia, suggests that in the most 
ancient Southwestern Asian area, the center 
of origin of irrigated agriculture, the transition 
from the stage of ‘harvesting people’ to regular 
farming and cultivation of cereals, in some parts 
of this area took place almost simultaneously 
and independently.Note 66 There were some initial 
centers, which apparently developed separately 
before 6500–6000 BCE (Masson 1964:39–40). 
Their inhabitants used local natural resources, 
and wild species of useful plants, adapting them to 
local peculiarities of soil, topography and climate 
(precipitation or river flooding, streams and 
lakes, etc.). Already in this very early stage, there 
existed sowing in natural overflows and artificially 
irrigated lands.

Irrigation skills were highly dependent on 
local conditions. Their transition from the ancient 
original areas was a complicated historical and 
cultural process, which cannot be considered as 
a process of linear diffusion from a single center. 
Each independent area of irrigated farming had 
its own individual, and chronologically different, 
local centers, where consistently and gradually it 
developed the complex adaptation process of local 
vegetation and of water resources to the needs of 

farmers. But it would be a mistake to assume that, 
in any local center of ancient irrigation culture (in 
particular, we investigated the Aral Sea area), the 
problem of plant domestication and the invention 
of irrigation methods were solved in complete 
isolation. For instance, in Mesopotamia there 
was a well-known cultural continuity between 
farming on the mountain streams in Hassuna in 
the 7th–6th millennia BCE, the estuary agriculture 
of Tell es-Sawwan on the banks of the middle 
Tigris in the 6th millennium BCE, and the Ubaid 
farmers in the 5th millenium BCE on the deltaic 
channels of Southern Mesopotamia. This cultural 
continuity existed also between farming cultures 
very far from each other even from a chronological 
point of view. Thus, we can trace a number of 
links between: irrigated estuary agriculture of the 
6th–5th millennia BCE in the piedmonts of Kopet 
Dag (the Djeytun culture); deltaic farming and 
the canals of the 4th–early 3rd millennia BCE in 
Geoksyur (with typical species of barley, common 
and club wheat); agriculture and irrigation of 
the Bronze Age on the Makhandarya in the 2nd 
millennium BCE (with barley and wheat); and 
the peculiar deltaic irrigation of the Tazabagyab 
tribes of Khorezm in the third quarter of the 2nd 
millennium BCE.
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Chapter 3 
The Southern Delta of the Akchadarya

Boris V. Andrianov

The territory of Khorezm has been inhabited since 
ancient times. The great Khorezmian scientist 
al-Biruni (973–1048), in his book Vestiges of the 
Past, considered the beginning of farming in 
Khorezm, and the settlement of the country, 980 
years before Alexander the Great (1292 BCE), and 
about the arrival of “Siyavush, son of Kaikaus, and 
about the accession to the throne of Kai Khusrau 
and his descendants, who moved to Khorezm” 
(BiruNI 1957:47).Note 67 If V. V. Bartold believed 
that the information in this book to be just a 
legend, S. P. Tolstov considered it as the echo of 
a real migration of Iranian-speaking farmers and 
herders of the Bronze Age to the lower reaches 
of the Amudarya (Bartold 1965:26, 545; Tolstov 
1957b:XVIII–XIX; see also Sachau 1873).Editor 36 
The myths, legends and religious rules of Iranian 
tribes of the 2nd–early 1st millennia BCE were 
reflected in the oldest parts of the Zoroastrian 
canon (Avesta): Gathas and Yashts (Sokolov 
1961:13, 21; Livshits 1963:137).Note 68 In the 
Yashts, the myths about kings–snake-fighters were 
replaced by the legends on the Kayanids kings 
(Kavi), whose initial period of rule is probably 
to be placed in the 10th–8th centuries BCE 
(Klyashtornyy 1964:169).

According to most of the scientists, the 
Amudarya basin, together with the neighboring 
areas in the south (from Herat and the Paropamisus 
Mountains to the Merv Oasis), including the banks 
of the Middle and Lower Amudarya up to the Aral 
Sea, and the areas along the Syrdarya, was the 
area of the Iranian tribes and the area of spread 
of Zarathustra’s teachings. In the tenth Yashta, 
dedicated to Mithra (Mihr Yasht), describing this 
territory, Khorezm was first mentioned. The main 
river of the Arian land was the Dāitya, which is 
identified with the Amudarya. It is located near 
the original area of the preacher Zarathustra, 

Airyana Vaējah (later Ērān-wēz). This region 
is described in the Bundahishn as the country 
of countless rivers and streams, branching off 
from the Daraga River,Note 69 on the bank of 
which also Zarathustra was born (Müller 1880, 
Bundahishn:ch. XX:32; Bundahishn:ch. XXIV:15). 
Adjacent to Airyana Vaējah, the non-Arian country 
of Gōbad was also located on the Dāitya River, 
but to its north. Here lived the Saka (Turanian) 
ruler Gōbadshāh (brother or nephew of the 
severe king of Turan: Afrasiab). Gōbadshāh which 
means ‘the king of cattle’, ‘the owner of bulls and 
cows’ (Inostrantsev 1911:315, note 1; Müller 
1882, Dâdistân-î Dînîk:ch. XC:4; Müller 1880, 
Bundahishn:ch. XIX:13).

As mentioned above (see page 132), the 
archaeological research revealed that the settle-
ments of the first half of the 2nd millennium 
BCE belonged to pastoralist tribes of the Kamyshli 
culture of Khorezm in the Northern Akchadarya, 
which carried the waters of the Amudarya (Dāitya 
River) directly north. It is highly possible that 
these places (very convenient for year round 
grazing), during the early years of Avesta, were 
the countries of the Saka, or Turan, ‘the owners 
of oxen and cows’. From that period there is no 
certain evidence of the existence of irrigated 
farming or any other irrigation skills in Khorezm. 
The beginning of a productive economy in the 
lower reaches of the Amudarya was apparently 
connected to tribes of herders-farmers of the 
Bronze Age. Irrigated agriculture, i.e. the base of 
the economy in Southern Central Asia, Tedjen, 
Murgab and the Zeravshan (Zaman-Baba culture) 
between the 3rd and 2nd millennia BCE, in the 
Lower Amudarya was apparently accompanied by 
cattle breeding, fishing and hunting.Note 70

M. A. Itina rightly noted the complexity of the 
issue about the origins of agricultural civilization 
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of Khorezm. She wrote: “Even if we assume that 
the ancient Khorezm received grains of wheat and 
barley from outside, nevertheless the develop ment 
of forms of irrigated farming in Khorezm took 
place through the accumulation of experience 
under certain conditions and this process cannot 
be merely explained as a southern adoption” (Itina 
1968:83).

It is possible to see from above examples 
describing the origin and develop ment of irrigation 
in different countries of the Old and New 
Worlds, that every major historic and cultural 
region developed its own method of irrigation, 
according to local geological, hydrological and 
climatic conditions and, finally, the features of the 
population historical development.

From the review of the history of agriculture, 
the development and distribution of productive 
skills (irrigation implements) and irrigation skills, 
it can be seen how the latter is most dependent 
on specific local conditions. Hence, there is reason 
to believe that V. V. Bartold was wrong when, 
regarding the irrigation in Khorezm, he wrote 
that “in spite of the perfection of this system, it 
would be difficult to expect that in an isolated 
country, with very poor construction materials, 
sophisticated techniques to control a river such 
as the Amudarya could be devised” (Bartold 
1965:163).

The independence of the Khorezmian irriga-
tion tradition, improved over several millennia, 
is confirmed not only by the remains of ancient 
irrigation works, whose description we are 
going to see, but also by the brilliant work on 
astronomy, mathematics, geology and hydrography 
representative of the Khorezmian Shool of 
scientists, headed by the Medieval encyclopedic, 
Khorezmian al-Biruni.Note 71

Natural Conditions of the Lower Amudarya 
The ‘lands of ancient irrigation’ researched 
by the Khorezm Archaeological-Ethnographic 
Expedition are located both on the right bank 
of the Amudarya (the territory of the Southern 
Akchadarya Delta in the Karakalpak Autonomous 
SSR) and on the left bank, within the limits of 

the Sarykamysh Delta (the territory of Tashauz 
province in Turkmenistan SSR). The territory 
of the whole ancient alluvial plain of the lower 
reaches of the Amudarya, including the modern 
delta, reaches 4.5 million ha (Akulov 1957). On 
a territory of almost 2 million ha, archaeologists 
have found the remains of an ancient agricul-
tural civilization in the form of settlement ruins, 
abandoned canals and fields. These lands on 
the right and left banks of the river, together 
with contemporary cultural oases, are included 
in a single historical and cultural area, called 
since ancient times ‘Khorezm’ as confirmed by 
the Avesta (see p. 95). They include the oases 
of the lower reaches of the Amudarya from the 
Dargan-Ata to the Aral Sea, and from the dry 
riverbeds of the Akchadarya on the east to the 
Sarykamysh depression and the Upper Uzboy 
on the west. Forming a single historical, cultural, 
and geographical area, as we shall see later, the 
right bank and the left bank of Khorezm differ in 
both archaeological and natural respects. On the 
right bank, the sites, starting from the Neolithic 
(4th–3rd millennia BCE) to the Khorezmshah 
settlements of the early 13th century, are well 
preserved. On the left bank, the remains of the 
Prehistoric encampments were covered by later 
layers (Tolstov 1955c:192) and only the Antique, 
Medieval, and contemporary settlements up to the 
abandoned sites of the 19th century are preserved.

The lower reaches of the Amudarya are 
surrounded by deserts and have a sharply 
continental dry climate with insignificant pre-
cipitation (less than 800 mm per year), dry air, 
strong winds and very high evaporation, which 
excludes the possibility of farming without 
artificial irrigation. The arid climate of the 
Aral Sea area dates back to the late Tertiary 
period. I. P. Gerasimov outlined the following 
stages of climate change for the Turan: glacial 
pluvial, postglacial xerothermic and modern arid 
(Gerasimov 1937:26). This is confirmed by K. W. 
Butzer’s scheme for the lower latitudes (see Table 
4). However, the cyclical climate change did not 
critically change the arid and semiarid landscapes.

The ancient deltaic plains of the Amudarya 
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were formed in the wide Aral-Sarykamysh 
depression in the late Tertiary period (Yamnov 
and Kunin 1953; Eberzin 1952; Kes 1957). In 
the Middle and Lower Pleistocene, the river 
wandered around the Karakum and flowed into 
the Caspian Sea (Gerasimov 1937:63; Fedorovich 
1946:152–173, 182–184; 1950a:204–213; 
Tolstov and Kes 1960:16–17, 18:fig. 2). From 
the early Khvalinsk period, the Amudarya turned 
north and began to fill the depressions with 
sediments, resulting in three deltas formed in 
distinct periods: Akchadarya (South and North); 
Sarykamysh; modern Aral (Tolstov and Kes 
1956:327–336; Tolstov and Kes 1960:17–21).

Modern geological, geomorphological, and 
archaeological studies have confirmed the hypo-
thesis, advanced in the 10th century by al-Biruni, 
about the gradual migration of the river: first west 
into the Caspian (Khazarian) Sea; then north, to 
“the margins of the land of the Oghuz’, through 
the Fam al-Asad (‘lion’s mouth’) gorge”;Note 72 then 
“to the right toward Farab, along the river called 
today al-Fahmi (dry riverbeds of the Akchadarya 
and Janydarya) (Tolstov and Kes 1960:9, 35, 66; 
Tolstov 1962a:21–26, 274); and then left, to the 
land of Pechenegs, along the riverbed known 
as Wadi Mazdubast”,Note 73 in the Sarykamysh 
depression (Khiz Tanqizi) (Gulyamov 1957:25; 
Tolstov 1962a:21; Tolstov and Kes 1960:8); and, 
finally, north into the Aral Sea (Biruni 1966:95–
96; Gulyamov, 1950:85–92; Tolstov and Kes 
1960:8–25).

The riverbed of the lower Amudarya, won-
dering across the plain, has repeatedly changed 
its direction and, depositing the alluvium, formed 
several tiers of deltaic sediments (Skvortsov 1959; 
Bogdanovich 1955). In the Late Khvalinsk period, 
the Akchadarya channels began to decay. But 
later, between the 3rd and 2nd millennia BCE, 
when there was a new shift of the Amudarya River 
eastward, the channels of the Akchadarya Delta 
supplied water again as proven by loamy sand 
sediments (up to 1.5 m) covering the Neolithic 
encampments (Itina 1968:76–78; Vinogradov, 
1968:32). The widespread Bronze Age sites of 
the 2nd millennium on the banks of the channels 

indicate the duration of the new watering period 
(Tolstov and Kes 1956, Tolstov and Kes 1960:24, 
35–133).

With the appearance of the first herders and 
farmers, the ‘Neolithic’ landscape of Khorezm 
(lakes, swamps and forests) gradually began to 
change. Human labor transformed the marshy 
‘kair’ lands into fertile fields and cane thickets into 
pastures. The forests were cut down and artificial 
plantations began to appear. In turn, some 
physical-geographical processes, in particular the 
drainage process (early 2nd millennium BCE) 
and later the gradual fading of the southern delta 
tributaries, were reflected in the area historical 
development of population and economic activity. 
The damping and sealing of the deltaic channels 
facilitated flood control and contributed to the 
advancement of skills in irrigation (Tolstov and 
Kes 1960:132; Andrianov and Kes 1967:29).

In the 2nd and 1st millennia BCE, the Amudarya 
had a huge double delta consisting of numerous 
channels (the river Darga of the Airyana Vaējah – 
Aryan expanse?) some flowing into the Sarykamysh 
depression and others into the Aral Sea. The 
natural tendency led to the fading of branches in 
the upper part of the delta and the displacement 
of a major mass of water and sediments towards 
the Aral Sea.Note 74 These processes initially favored 
the regulation of lateral channels and then the 
creation of many kilometers of artificial canals 
on the Akchadarya and Sarykamysh deltas, fed 
by the flood water. Under the influence of human 
activities, especially after the formation of a large 
Khorezm state in the 6th–5th centuries BCE, 
intensive changes in the geographical environment 
occurred (Saushkin 1947:276; Tolstov 1848a:45; 
Andrianov 1951:323). Among numerous factors, 
closely linked to each other, causing during 
the centuries successive changes of ‘the main 
direction’ of the lower course of the river, the 
most important were hydrologic and climatic 
factors, causing uneven alluvial deposits (effective 
factor), and economic-transformation activities of 
the population (see Andrianov 1951:326–327; 
1966:148–149; Andrianov and Kes 1967:38).

Almost the whole alluvial plain of the 
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Amudarya is an ancient terrace of the river, 1–1.5 
m higher than the floodplain terrace (kair lands). It 
has an even flat surface with a slight slope from the 
river and large channels mostly in the northwest 
direction (an average of 18 cm per km); to the 
south the plain is limited by the Karakum sands, 
where the waste water from irrigation canals is 
collected, forming a chain of lakes surrounding the 
oasis. The prevailing slopes of the place favored 
the development of gravity irrigation and water 
supply to the farthest distance from the rivers. In 
the area immediately adjacent to the river, the 
plain is mainly covered by contemporary irrigated 
and cultivated lands, between which there are 
large tracts of salt marshes, swampy depressions 
and small lakes that serve to discharge irrigation 
water. A system of protective dikes was built along 
the banks of the Amudarya, which extends, in 
several rows, for many hundreds of kilometers. In 
territories of anthropogenic irrigated deposits, the 
walled dikes grew significantly slower than those 
in the floodplains located between the river and 
the oasis. This led to the formation of differences in 
height, representing a serious threat to the cultural 
development of these territories, and in case of 
breakthrough of the dikes, it often represented 
the cause of repeated devastating floods. 

The hydrographic regime of the Amudarya 
is largely determined by the supply of its snow 
and ice (see Table 7). The water flow of the river 
differs significantly from year to year, and that is 
why the Amudarya is favorable if compared with 
the Tigris and the Euphrates (with their winter 
and spring floods), the Nile (where the highest 
flood falls in August and September), and the 
Indus and the Hwang Ho with their harsh and 
frequent catastrophic fluctuations of water levels. 
Al-Biruni observed that “the Djeykhun rises when 
the water level of the Tigris and the Euphrates 
decreases” (Biruni 1957:286). He also revealed 
the physical causes for the freshet overflow 
of the rivers and he highlighted the long-time 
observations of the Khorezmians thanks to ‘Moon 
stations’, which created, long before the Arabs, a 
particular Khorezmian school of astronomical and 
calendar observations for the purpose of irrigated 

agriculture (Biruni 1957:259; Tolstov 1957b:X; 
Tolstov and Vaynberg 1967:251–264).

The river regime is extremely favorable for 
irrigated agriculture, since the period of maximum 
water level coincides completely with the period 
of sprouting vegetation. The beginning of the 
vegetation growing period is in March, around the 
twentieth, when the first flood, called by people 
‘the flood of the green canes’, begins (Gulyamov 
1957:237). The second flood (‘vimba flood’) falls 
in the middle of April, the third one in the middle 
of May. This high water period is connected to 
the appearance of the Pleiades in the sky. The 
longest flood period is the fourth; it begins in the 
second half of June and ends in early August. 
The irrigation season ends in October. The water 
flow rate in autumn is minimum. The average 
annual water flow rate at the exit of the plain is 
approximately 2000 m3/sec; at the beginning of 
the delta, near the city of Nukus, it is 1,500 m3/sec.

The studies of V. L. Shults indicated that the 
delta annually received an average of 48,124 
million m3 of water (from 37,000 to 65,000 m3) 
(Shults, 1948:64).Editor 37 Of these, the average 
evaporation is about 11 million m3 per year, 
about 22.5% of the water entering into the bed of 
the river. The remaining 77.5% (37,732 million 
m3 per year) flowed into the Aral Sea. According 
to V. L. Shults, only 37.1% of the annual run-off 
flowed into the sea. During the summer floods, 
when much water was used for irrigation, this 
percentage decreased to 25%. In winter it was 
over 50%. 

According to S. G. Altunin’s calculations, the 
river carried annually up to 1,200 million m3 
of sand and its water was very muddy (Altunin 
1951; Altunin and Buzukov 1950:184–185). Of 
this amount, less than half (43%) is deposited on 
the floodplain, riverbeds, and irrigation systems 
of Khorezm. Of the remaining 57% of sediments, 
28–30% is deposited within the ‘living’ delta.

At that time, V. V. Tsinzerling drew attention 
to the great similarity between the deltaic areas 
of the Amudarya and the Nile valley and delta 
(Tsinzerling 1927:193). The soil of the Amudarya 
Delta is not less fertile than the soil of the Nile 
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and the conditions for land use also are not less 
favorable (see Table 7). The development of 
soil cover in the Amudarya Delta was meadow, 
meadow-swamp, and riparian vegetation at the 
first stage of the alluvial sediments, as already 
noted by many authors (N. A. Dimo, S. S. 
Neustruevym, I. P. Gerasimov, V. A. Kovda, etc.).

In order to better understand the following 
description, it is necessary to focus on the soils. 
In the modern and ancient deltas, the soils tend 
to have a complex evolution, depending on the 
water-salt regime: from the alluvium to meadow 
turf soil with high water table; then to salt and 
solonchak soil with different degrees of salinity to 
salt marshes and, further, with low water table, 
the desert-takyr type of soil (Bogdanovich 1955). 
The rise of groundwater and the increase of 
evaporation in the vast irrigated areas have con-
tributed to a more intense flow of salts in the soil 
and caused a gradual salinization of the cultivated 
soil. In the past, during low levels of water use and 
agricultural techniques (abandonment of irrigated 
land becoming fallow) the primitive character of 
irrigation systems aggravated the process of salt 
accumulation and, thus, reduced the soil area 
suitable for farming. According to the calculation 
of P. A. Letunov, across 2,500 years of Khorezm’s 
agriculture, every hectare of irrigated land had 
received up to 250 tons of water-soluble salt 
(Letunov 1958:50).

As the hydrological regime changed toward 
drying, and the water level sufficiently lowered, 
the reverse process began with the formation 
of desert and takyr-like soil, takyr and loose 
sand desert soils (Kovda 1947:23–24; Letunov 
1958:115). Since the structure of soil and ground 
was extremely colorful and their exploitation in 
the past was notable for its diversity, thus the 
whole territory of both modern and ancient oases 
are extremely complex and characterized by a 
mosaic of soil covers (Favorin, Ostrovnaya and 
Timoshkina 1956).

A large variety of water-salt regime deter-
mined the mixed character of vegetation in the 
‘lands of ancient irrigation’, from the almost 
empty takyr and solonchak soil with rare bushes 

of biyurgun, to dense thickets of yantak licorice 
and even reeds along the shores of floods on 
the border of the modern cultivated areas. The 
modern geographical distribution of land cover 
largely reflects the history of agriculture in the 
lower reaches of the Amudarya, the repeated 
changes in the irrigated areas, the direction and 
the magnitude of the irrigation systems, etc. 
(Shuvalov 1950:37–38).

The Southern Delta of the Akchadarya
The whole territory of ancient irrigation in the 
Southern Akchadarya Delta is 160,000 ha and 
the area has a triangular configuration with 
its vertex at Turtkul. To the west the river is 
150 km long; to the north there are the rocky 
mountains of the Sultanuizdag; to the east there 
are massive reddish-yellow sand dunes of the 
Kyzylkum. Because of the exceptional abundance 
and diversity of archaeological sites (ruins of 
cities, fortified and unfortified rural settlements, 
surrounded by ancient canals), these lands have 
been named as the great ‘museum’ of sites of 
the ancient Khorezmian technique of irrigation 
culture (Tolstov, 1958:100). To the west, the 
‘lands of ancient irrigation’ are adjacent to a 
contemporary oasis, before which are located 
three narrow green wedges of verdant fields, farms 
and canals, which correspond to the three modern 
irrigation systems of Kelteminar, Kyrk-Kyz (whose 
former name was Tazabagyab) and Amirabad 
(Tolstov 1948a:46).

The river ‘front’ of the modern oasis is more 
than 150 km with a downstream slope (20 cm 
by 1 km); the slopes of the dry riverbeds of the 
Akchadarya is 4–25 by 1 km. The system of dikes 
protecting the oasis against flood water existed 
from ancient times. These dikes were more than 
2 m high, 5–10 m wide and, sometimes, disposed 
in 2 or 3 rows. Their overall cubage was estimated 
by specialists in the beginning of 20th century at 
around 450,000 m3 (EOZU 1914:331).

The modern canals, as well as the ancient irri-
gation systems, followed the direction of the three 
major deltaic riverbeds of the Akchadarya,Note 75 
and their lines can be traced with great difficulty 
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within the ‘lands of ancient irrigation’. The 
riverbeds are dispersed and filled up with 
moving sand with very rare lines of preserved 
clay-takyr parts (Tolstov and Kes 1960:34–35: 
Geomorfologicheskaya i arkheologicheskaya karty 
akcha-darinskikh delt – Geomorphological and 
archaeological map of the Sarykamysh Delta). 
The entire alluvial plain is dissected by the system 
of dry riverbeds, differing in size and degree of 
preservation, with separate massifs of moving 
sand and narrow (2–3 km) lines of takyr bands 
along the ancient channels stretching north and 
northeast (Tolstov and Kes 1960:35–45). The 
plain is dominated by combinations of takyr 
soil, takyr and solonchak (the latter mainly in the 
western outskirts around Toprak-kala), as well 
as territories half-covered by gray and yellow-
gray sand dunes and fixed sands with numerous 
depressions, fractures and remains of erosions. In 
many upper soil layers, the ancient layers were 
exposed as a result of the wind deflation process. 
The northern and northwestern parts of the plain 
are formed of multilayered alluvium (powder clay 
and loams); loams and silty clay with alternating 
layers of sand prevail southeast (Fersman 1934, 
Tom I:75–100; Tom II:7–34, 77–88).Editor 38

The system of riverbeds dismamtling the 
southern delta starts above the city of Turtkul 
and extends north, northeast, till the latitude of 
Sultanuizdag, where the majority of channels 
sharply turn east along the innermost Kyzylkum 
hills, and then north forming the single valley of 
the Akchadarya (Figure 27.A). The most western 
riverbed, as a continuation of the direction of the 
Amirabad system, sharply turns northwest up to 
the neighborhoods of Toprak-kala, then it gets lost 
in the contemporary cultivated area. This part of 
the large ancient riverbed is still well pronounced 
in relief; it is filled with water.

Next, to the east, is another large riverbed of 
the Akchadarya (Kokcha), up to 4–5 km wide, 
covered with sand and separating the modern 
Kyrk-Kyz Oasis from the ancient Kelteminar 
Oasis (Tolstov and Kes 1960:39–40). North of 
Koy-Krylgan-kala, the depression becomes a 
typical riverbed. Some smaller branches depart 

from it. In the ruins of the Big Kyrk-Kyz, the main 
riverbed (200–300 m wide and 10 m deep in 
some places) sharply turns east and then, skirting 
the Kokcha Mountain from west and north, it 
enters into the Akchadarya corridor, where it 
merges with the two riverbeds approaching from 
the south. These riverbeds are marked by an 
accumulations of sand, takyr bands, vegetation 
and, in general, they have a north-easterly 
direction. Their inception can be traced in the 
contemporary cultivated area near the ruins 
of Eres-kala. In the vicinity of Bazar-kala the 
riverbed divides into two: the right branch goes 
around the plateau of Djanbas-kala from south 
and east, the left from northwest.

From the Djanbas-kala plateau, to the south 
towards the contemporary Amudarya, among 
the inner Kyzylkum sands, a north–south chain 
of small lakes and the meandering channel of 
the Suyargan, often watered by discharging 
water, stretch along a depression (Tolstov and 
Kes 1960:41, 138). This north–south depression, 
apparently, is of very ancient origin. Near the 
Amudarya it has a wide clay bottom, through 
which passes a narrow riverbed 10 m wide, 
which serves to discharge the high flood water 
from the Suyargan lakes connected to each other 
by meandering streams. The northernmost of 
them brings water of the Suyargan into a wide 
valley of the Akchadarya riverbed southwest of 
Djanbas-kala. On this riverbed, sometimes the 
contemporary Amudarya waters flow far north, 
aside the Akchadarya corridor (Tolstov and Kes 
1960:138).Note 76

During the archaeological and topographic 
research and mapping (based on the vertical 
aerial survey) remains of many dry riverbeds 
in the southern delta of the Akchadarya, 10 to 
150 m wide and 1.5–2 m deep, were identified 
in addition to major channels. In some places, 
the branching of these riverbeds formed small 
internal ‘deltas’ (Andrianov and Kes 1967:Fig. 3). 
At present, only the larger riverbeds (more than 
50 m wide) are marked by the lowest part of the 
relief; the small riverbeds are silted and filled up 
with sand. Frequently such riverbeds, completely 
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covered by river sediments, are preserved in the 
shape of meandering takyr lanes, raised on the 
surrounding ground and contoured by vegetation 
above them. As a rule, they do not exceed an 
average width of 10–30 m and are distinguished 
by characteristic structured terraces 5–10, or even 
30 cm high on the flat takyr surface (Tolstov and 
Kes 1960:42–44, figs. 14–15). The majority of 
Prehistoric sites and irrigation works of the Bronze 
Age discovered in the course of field research are 
connected to these ‘takyr’ riverbeds.

Irrigation Works of the Bronze Age
New geomorphological materials, and the remains 
of ancient irrigation systems of the third quarter 
of the 2nd millennium BCE (which will be 
discussed below) characterize the southern delta 
of the Akchadarya in the Bronze Age as a territory 
with continuous shifting channels, lakes and 
inner small ‘deltas’. All this allows to update the 
portrayals of skills for irrigated agriculture and 
natural conditions of the Bronze Age Prehistoric 
irrigation. These were considered at his time by 
Ya. G Gulyamov, though the main hypothesis 
(which he developed following D. D. Bukinich) on 
the initial estuary irrigation and farming on kair 
lands, should be accepted (Gulyamov 1949:11, 
1956:157, 1957:49–65; Gulyamov, Islamov and 
Askarov 1966:16; Itina 1968:83–84). This most 
ancient stage of irrigation on alluvial plains, when 
farmers used the areas watered by overflows for 
their crops, is not yet exposed by archaeologists 
in the Aral Sea area. In the future the study 
should not be focused on to the identification 
of ancient agricultural-irrigation layouts (which 
could not have been preserved), but to search 
for slag remains in the cultural layers of the first 
half of the 2nd millennium BCE sites. Anyway, 
we can share the certainty of M. I. Itina that the 
Khorezm people of the Bronze Age were familiar 
with irrigated agriculture (Itina 1968:84). The 
ethnographic materials can serve as proof of that.

Even recently, the inhabitants of the lower and 
marshy sectors of the valleys of the major Central 
Asian rivers, i.e. Karakalpaks, Uzbeks of the Aral 
Sea, and some groups of Kazakhs and Turkmens, 

combine primitive agriculture with primitive 
farming with cattle-breeding and fishing, and 
grow crops extensively (melon, pumpkin, millet) 
on flood overflows and kair lands near the rivers. 
(see Kaulbars 1881:552, 562; Levshin 1832:200; 
Georgievskiy 1937:99; Bregel 1961:50–55; 
Andrianov 1958a:58, 1961:139, 1963: Karta 
khozyaystvennykj typov Sredney Azii i Kazakhstana 
– Map of the economic types of Central Asia and 
Kazakhstan). As pointed out by the research of 
S. P. Tolstov and T. A. Jdanko, the inhabitants 
of desert areas near the sea, lakes and banks of 
the steppe rivers, and less populated vast deltaic 
regions of Central Asia, inherited the archaic 
traditions of integrated farming – herding and 
fishing economy dating back in time (Tolstov 
1947b:71–90; 1948b:99; 1962a:308–309; Jdanko 
1952:163; 1958a:633–634; 1961, 1964:17–
19). Editor 39 The essence of this primitive economy 
is figuratively given in the folk tradition saying: 
“Three months melon, three months milk, three 
months pumpkin, three months fish” (Gulyamov 
1957:64). Kair farming refers to the most primitive 
forms. According to Ya. G. Gulyamov, in early 
summer the inhabitants of Khorezm sowed melon 
seeds into the drying kair soil and returned at the 
end of the summer. Here they arranged a small 
hut for themselves, fished in the channels and 
gathered melons until late autumn (Gulyamov 
1957:64–68).

Ya. G. Gulyamov had the very interesting 
idea about the name of the modern Khorezmian 
seed plot units (kulcha), which refers to a diked 
area filled with irrigated water. He compared 
this name with kul (lake, estuary)Note 77 and rightly 
saw in the term kulcha the ancient tradition of 
estuary irrigation (Gulyamov 1957:63). In an 
attempt to reconstruct the daily life of Prehistoric 
farmers of the Bronze Age, Ya. G. Gulyamov 
used historical and ethnographic material and 
reported that, in the 19th century, small groups 
of Karakalpaks and Uzbeks families migrated in 
early summer from their winter places, and settled 
near channels which had overflowed during 
summer’s high water, or at the ends of the major 
channels, where the lowlands were seeded with 
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millet, rice and melons and the cattle grazed in 
the reeds. In autumn, after the harvest, the same 
groups migrated deep into the cane thickets 
which, in late autumn and winter, sheltered the 
cattle against the cold winds and also provided 
people with fuel. These pastoralist-farmers were 
distinguished by their mobile agriculture and 
settlements (Gulyamov 1957:63).

There are many examples from different areas 
of arid zones (see Wittfogel 1957:24–25; Gray 
1963; Owen 1937; etc.). V. G. Childe already 
referred to the Beja-Hadendoa way of life and 
other Nilotic tribes, occupying an intermediate 
position between the hunter-gatherers and settled 
farmers in Egypt (Childe 1956:68).Note 78

The process of gradual transformation of kair 
farming into estuary irrigation was discovered 
by L. S. Tolstova in the highly swampy soils of 
the territory along the Syrdarya exploited by the 
Fergana Karakalpaks. She cites memories of the 
elders: “Before, irrigation ditches and canals were 
not there when floods happened, it flooded the 
shore for 2–3 km and, after the water retired, 
these lands were sown” (Tolstova 1959:32). The 
drainage of some wetlands allowed to use the 
vacated lands for farming. First they began to 
divert canals from lakes and flood areas near 
which they were settled. Then the larger canals 
were dug (Tolstova 1959:31–35). A similar 
process of distribution of kair and estuary irriga-
tion along rivers and mastering the management 
of wetlands in the territory of the Amudarya Delta 
was researched by us in the Northern Khorezm, 
where the Karakalpaks of the Janydarya moved 
from the Lower Syrdarya in the 16–18th centuries 
(Andrianov 1952a, 1958a, 1966).Editor  40 The 
Karakalpaks were familiar with the use of crops 
in kair wetland islands and flood plains of river 
deltas, the bottom of the drained or dried-up 
lakes, former riverbeds, temporary flood rivers. 
They were able to drain swamps and to adapt to 
the changing water and soil conditions (Andrianov 
1958a:117; Jdanko 1964:17).

Ya. G. Gulyamov reported the use of lake 
floods for estuary crops in peripheral areas of 
the Amudarya Delta. According to him, since the 

16th century, the population of the Aral Sea area 
began to artificially flood the ‘Kuygun’ depressions 
under the Ustyurt plateau (Bartold 1965:91, 
177). Until September, they were shallow lakes 
where a large quantity of fertile silt accumulated 
and the soil was saturated with moisture. “The 
sedentary and nomadic people of the Aral Sea 
area began to gradually arrive there as the lake 
dried in order to sow seeds directly into the slurry 
of land designated for each of them; the yield 
was harvested the following summer” (Gulyamov 
1957:60).

In Southern Turkmenia, on the slopes of the 
Kopetdag and the basin of the Atrek (in particular 
on the Sumbar River), the system of estuary 
irrigation existed among the Turkmen even 
recently (Vasileva 1954:107). With this method 
(loya-sepma), the plots of land silted during 
freshets were sown. The seeds were planted 
directly into the fissures formed by the cracking 
surface after the water recession (Grigorev 
1932:6). In the more advanced stage (suomi), 
transverse small ridges were built to retain the 
moisture. The method darava consisted in the 
whole system of ditches draining rainwater to 
the estuary, where the wheat or other crops (most 
often melon) were sown. These sown areas were 
confined to the margins of the takyr depressions 
where, during the rainy season, the water runoff 
was stored (Djumaev 1951). A similar irrigation 
method with river overflows (suolna) were spread 
among the Kazakhs of the Syrdarya (Gulyamov 
1957:61). 

Remains of the most ancient irrigation works 
preserved in the Aral Sea area were found in 
the southern delta of the Akchadarya, both in 
the Tazabagyab sites (third quarter of the 2nd 
millennium BCE) and in the coeval Suyargan sites 
(the so-called Bazar-kala or Tazabagyab-Suyargan 
stage of development of this culture) (Tolstov and 
Andrianov 1957:5–6).Note 79 A significant number 
of Bronze Age sites in the form of accumulations 
of pottery, scattered settlements, some dwellings, 
and traces of primitive small irrigation works were 
identified on the banks of ancient riverbeds north 
of the ruins of Bazar-kala.Note 80 Here, a lateral 
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channel, 60–70 m wide with a valley clearly 
visible on the ground, branched from the major 
bed of the Akchadarya, with a decrease of 1.5–2 m 
in depth. In some places the valley was weakly 
indicated and in other places it was completely 
buried under the sand. However, it was traceable 
on the ground as well as on aerial photographs 
for 20 km from the head (west of Bazar-kala) 
to the lower highly-branched ancient riverbeds 
southwest of the Kokcha plateau. The majority of 
Bronze Age ancient irrigation works were located 
along the banks of this large riverbed and on small 
(from 10 to 30 m) takyr, slightly elevated above 
the riverbeds, which sometimes formed a strange 
intertwining (see Andrianov and Kes 1967:fig. 3). 
The trenches indicated that takyr riverbeds were 
formed by a layer of gray sand of the Amudarya, 
hard and light loam, and clay. These channels, in 
antiquity, were similar to narrow riverbeds, with 
slowly flowing water abounding in fish, with banks 
covered with reeds and tugai; but they gradually 
became silted over with river sediments (Tolstov 
and Kes 1960:42–45).

Primitive agro-irrigation layouts and irrigation 
works of the Bronze Age (tiny ‘fields’) were 
discovered by S. P. Tolstov in 1954 during the 
Akchadarya survey, southeast of the site and the 
graveyard of Kokcha 3 (dated to the third quarter 
of the 2nd millennium BCE), as well as in the later 
site of Kokcha 1 (Tolstov 1955a:102–104; Tolstov 
and Andrianov 1957:5–6). The archaeological-
topographic unit spent 1954 carrying out the 
topographic survey of these lands and studying 
structures. The graveyard of Kokcha 3 (Tolstov 
1955a–b, 1957a, 1958; Itina 1961) was located 
on the bank of a small Akchadarya riverbed, on 
an upper terrace, behind a somewhat horseshoe-
shaped, almost enclosed sand dune. ‘Fields’, or 
rather the tiny gardens plots,Note 81 were located 
150 km southeast of the takyr with burials and 
south of a settlement on the edge of a narrow 
meandering takyr strip reminding a riverbed, but 
not detectable in relief (Figure 27.B).

Somewhat to the south, the remains of a 
ridge-diked channel parallel to this takyr strip was 
discovered.Note 82 It was preserved for a height of 

5–10 cm and a width of 1 m, and appeared as a 
dark-brown line (Tolstov and Kes 1960:95, fig. 
50). The banking was traced for a few tens of 
meters on the west and on the east banks of the 
riverbed, where it was better preserved. There 
‘fields’ were discovered, irregular quadrangular 
diked areas measuring 2.6–3 m by 3.5–4.8 m 
(Figure 27.C). The ‘fields’ were grouped in several 
rows. Their character was similar to the layouts in 
the environs of the later Suyargan site of Kokcha 
1, situated southwest of Kokcha 3. The layouts 
were rhomboid-shaped with the small sides 
2.2–2.9 m and the large sides 3.4–4.7 m (Figure 
28.D). Slightly lowered areas were located in a 
row between two flat banks and rising 3–5 cm 
above the takyr were, apparently, the remains of 
irrigation ditches 50–70 cm wide (see Tolstov and 
Andrianov 1957:6:fig. 1).

Trenches were made in the small riverbed 
and the ‘fields’ near Kokcha 3 (Tolstov and Kes 
1960:figs. 16 and 50). Trench 35 extended 
through part of the field and part of the banked 
riverbed, its length was more than 10 m, the 
width of the riverbed lens was approximately 9 
m and the depth was 1.2 m (Figure 28.A). Here 
is a description of the trench.

Layers: 1) takyr-shaped thin crust, gray, 
clay loam, fine porous, loose, of 1–3 cm; 2) 
yellow-grayish clay loam, dusty, light, partially 
turning into sandy loam, with marked horizontal 
stratification, heterogeneous, dug, with unclear 
lower border, of 20–25 cm; 3) gray-brownish clay 
loam, of medium density, partially alternated with 
more compact interlayers of clay, and partially 
with a high presence of sand, up to 25 cm; 4) 
light gray-yellow clay loam, thin, dusty, partially 
with sandy loam, with a weak marked horizontal 
stratification, up to 25 cm; 5) brownish clay loam, 
heavy, compact with salt efflorescence, up to 
10–60 cm; 6) light yellow-gray sandy loam, thin, 
dusty with rusty spots and lines, compacted at 
the bottom, of 20 cm; 7) gray sand, micaceous, 
thin layered, with admixture of clay loams 
and iron spots, up to 20 cm; 8) gray sand with 
inclusion of uneven interlayers of loams and small 
pieces of clay, gradually turning into a layer of 
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10–25 cm; 9) yellow-gray sand, fine-grained in 
the shape of inclined lens, turning into sandy loam 
at the bottom, up to 15 cm; 10) sandy-clay loam 
hetero geneous sediments.

According to A. S. Kes, the section of this 
trench, as well as other neighboring trenches, 
indicates that there was a narrow deltaic channel, 
which turned into a former riverbed with a lake, 
and then again water when heterogeneous 
alluvial-colluvial sediments were deposited there. 
The functioning of irrigation facilities was con-
nected to this period (Tolstov and Kes 1960:95). 
In addition, it is possible that the revival of the 
flows is likely to have been linked to the activities 
of farmers, who regulated the flow of flood water 
by artificial means in the former riverbed (as we 
shall see below, such a primitive method of flood 
water regulation was the base of Antique and 
Medieval irrigation in the Lower Syrdarya and the 
Amudarya Delta).Note 83 Otherwise it is difficult to 
explain the scarce importance of the protective 
embankment (up to 1 m) separating the riverbed 
from fields. Therefore, it would be necessary to 
point out that S. P. Tolstov and B. V. Andrianov 
wrongly compared Kokcha’s ‘fields’ with the 
ancient Egyptian basins (Tolstov and Andrianov 
1957:6). There the flood water was regulated by 
the scheme: river – dam – field (later: river – dam 
– distributor – field); here by the scheme: former 
riverbed – field (see Figure 27.C).

In other sites of the Bronze Age, irrigation 
ditches leading water into larger irrigated plots 
were also recorded. Such systems resembled the 
Eneolithic canals of Geoksyur described by G. N. 
Lisitsyna (1965:115:fig. 30) (see p. 129). Their 
principle is similar: river – distributor – field.

Small ditches were studied by us, in particular, 
in the Suyargan encampment of Bazar 2 (see 
also Tolstov and Itina 1960b:22; Tolstov and Kes 
1960:119–123). The encampment was located 
at the former riverbed on the right bank of the 
lateral channel of the Akchadarya, here 150 m 
wide. From the former lake derived a small 
irrigation ditch and an accumulation of ceramics 
and traces of burnt dwellings were found next to 
it. A small trench 4 m in size was dug through the 

irrigation ditch (Tolstov and Kes 1960:120–121, 
fig. 63) (Figure 28.B). The existence of an ancient 
irrigation ditch is well supported by the peculiar 
stratification of sandy loam and clay loam with 
typical characteristic layering on the bottom of 
the ditch.

More complicated irrigation facilities, con-
nected with sites of the Tazabagyab culture, 
were discovered and investigated by us in 1964, 
southeast of the Kokcha 3 burial on the right 
bank of the Akchadarya channel. This plot of 
ancient irrigated land was not covered with later 
agro-irrigation cultural layers. It was located 
north of the Djanbas plateau between two large 
dry riverbeds of the Akchadarya Delta, and 
stretched for 20 km from south to north and 15 
km from west to east. The whole space between 
the Djanbas-kala plateau, Kokcha Mountain and 
the riverbeds was filled with moving barchans 
sand, takyr surfaces of different levels, and several 
meandering, small, deltaic dried ‘takyr’ riverbeds, 
crossing each other (5 to 25 m wide) (see also 
Tolstov and Kes 1960:42–44). In some places they 
were scattered and covered by moving barchan 
sands, in some places preserved only in the form 
of characteristic bands of vegetation (Figure 29).

Moving away from the ruins of the Djanbas-
kala site (4th century BCE to 3rd century CE), the 
ceramic production finds of that period became 
rare on the takyr and, in the zones of narrow 
takyr lines alternating with low sand dunes, there 
were, some small and some large (50 × 100 m), 
accumulations of Bronze Age dark ceramics 
ornamented with incised and stamped patterns. 
In some places unclear traces of dwellings and 
layouts of narrow short ditches, revealed by the 
soil color and the microrelief, were visible (Itina 
1967:figs. 4, 5; 1968:figs. 1, 2).

More than a dozen major settlements-villages 
were discovered in this territory in 1954 and 
1964,Note 84 consisting of semi-earthen houses 
widespread along the riverbeds, some of which, 
however, were clearly revealed on the light 
takyr surface because their darker soil color. 
Judging by the outer contours, the prevailing 
size of the dwellings was 6–8 m × 8–10 m (Itina 
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1968:78). They were dotted with fragments of 
pottery with characteristic geometric patterns, 
typical of Tazabagyab ceramics. From many 
sites, rich scatterings of surface material were 
collected, their features completely identical to 
ceramic complexes from well-known excavations 
and publications of the Tazabagyab culture of 
Khorezm (Tolstov 1939; Itina 1959a–b, 1960, 
1961, 1963, 1967, 1968).Editor 41 

In one of the largest settlements (poisk 1611 or 
Kokcha 16), the archaeological-topographic unit 
found out flint knife-shaped blades, a bronze knife 
with blade and a large millstone. The prospecting 
trench in the dwelling of that settlement carried 
out in 1964 by M. I. Itina, and the archaeological 
work of the group directed by her, which studied 
the sites of the Bronze Age in l965–l966, dated 
this village and other neighboring sites to the third 
quarter of the 2nd millennium BCE. In 1964, 
unique sites of former riverbeds were discovered 
and surveyed. They were adapted for irrigation 
purposes, artificial head structures and minor 
irrigation canals. Later (1965–1966), during 
the archaeological work of the team studying 
the Bronze Age sites, several field layouts were 
discovered.Note 85

From the historical perspective of irrigation 
technology, of great interest are the preserved 
remains of ancient irrigation systems, i.e. traces 
of former riverbeds adapted for irrigation, and 
remains belonging to distributor canals and 
ditches derived from them (see Figure 27.F–G). 

Trenches were dug through some riverbeds, 
as in the environs of Kokcha 3. In the site of 
Kokcha 16, a trench 5 m long and 1 m deep was 
dug through the ‘takyr’ riverbed (see Figure 28.C). 
Here is the description: 1) takyr thin crust; 2a) 
light-gray clay loam, dusty, stratified as thin 
plates, its lower border, of 10–15 cm is unclear; 
2b) the same light-gray clay loam with different 
composition, with clear traces of digging, its 
lower border of 20 cm is sharp and uneven; 3) 
ashy-yellow clay loam, heavy compact, loam, with 
typical vertical pole-shaped single parts, 
numerous small pores with traces of roots and 
spots of salt accumulations, traces of digging 

decreasing in the direction of the riverbed, of 
20–50 cm; 4) dark-gray clay loam, compact, 
badly stratified into separate parts, sloping to the 
riverbed, with visible buried silt; 5) brownish clay 
loam, heavy, compact, horizontal stratification 
and vertical cracks with ochre-colored spots and 
bluish-gray pipe-shaped holes, lying slanting and 
in the shape of lens, of 10–30 cm; 6a) ashy-yellow 
sand, fine dusty, with traces of alluvial stratifi-
cation, layers inclined towards the riverbed, the 
rare clay loam layers are characteristic, up to 60 
cm; 6b) the same sand, with more clearly 
expressed stratification of different compositions, 
lens-shaped in the center of the riverbed; 7) gray 
sand, unstratified, partially oxidized, lens-shaped 
of aeolian origin, of 15 cm.

The description of the section (see also Figure 
28.C)Note 86 indicates that alluvial riverbed sedi-
ments lie in the lowest layer (6a); under the field 
these sediments are covered by loam with traces 
of agro-irrigation activity (layer 2b); on the edge 
of the riverbed, a layer (3) of compact clay loam 
with traces of digging infiltrated into sand. The 
upper border of this layer has a particular raised 
shape and an uneven wedge-shaped border with 
fluvial sands; this, according to the measured 
accumulation of the river stratification, highlights 
the fact that the ridge was rebuilt several times 
in the same place. Beside the riverbed, on alluvial 
sand there are heavy and compact loams (layer 
5) formed from slowly flowing water and, when 
the channel began to fade, farmers, apparently, 
appeared. The buried silt (layer 4) and the sand 
of aeolian origin indicate that the water flow 
stopped; then, when the channel was supplied 
again with water for a while, alluvial sand (layer 
6b) was deposited.

Thus, judging from the archaeological-
geomorphological research, the construction of 
irrigation systems began on regressing lateral 
riverbeds, and former riverbeds of the small 
internal ‘deltas’ of the Akchadarya. By their nature, 
these channels are very similar to the deltaic 
riverbeds of Mesopotamia and with those of the 
Tedjen described by G. N. Lisitsyna (1965:42 –74, 
Figures 4–11). The only difference being that the 
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Tazabagyab channels are better preserved on the 
surface (they are 1,500 years ‘younger’ than those 
of Geoksyur). In several places of their banks there 
were small, apparently artificial ridges (see Figure 
27.F). So a plan was made of a part of the riverbed 
near the settlement of Kokcha 16 (Figure 30). On 
these places we identified both different sectors 
of low embankments (30–50 cm to 1 m wide), 
weakly expressed in microrelief and located along 
the north–south riverbed, and accumulations 
of ceramics, layout of dwellings and numerous 
diversion ditches, 0.5 to 1.5 m wide and several 
tens of meters long. Many distributors branched 
from the riverbed at right angles and some with 
sharp angles.

At the settlement of Kokcha 15, M. I. Itina 
traced the changes in topography of a small 
irrigation network: first, the system of small 
ditches departed at a sharp angle from the 
distributors to take water from the riverbed; later, 
when the former riverbed dried up, the canals 
were moved upstream and were parallel to the 
riverbed, repeating its meanderings (Tolstov, Itina 
and Vinogradov 1967:304; Itina 1968:81). The 
numerous intersections of canals in this region 
and in other places of the Tazabagyab ‘oasis’ show 
a very fast sedimentation and a short functioning 
of the irrigation systems. Canals and fields, and 
dwellings, were often moved from place to place 
following changes of the watered lands of the 
deltaic region which, as a matter of fact, became 
good archaeological evidence (Itina 1968:78–82).

The frequent shifting of irrigated plots indi-
cates the instability of deltaic forms of the 
Tazabagyab‘s primitive irrigation. According to its 
schematic diagram (river – former channel 
distributor – field), it can be compared with 
irrigation of Southern Mesopotamia in the 
6th–5th millennia BCE (where, initially, the role 
of the main irrigation works was attained with 
natural channels, whence the water fed the fields 
with small canals) (see p. 199). Similarities were 
also found with the irrigation of the Sakas, the 
Medieval tribes of the Lower Syrdarya, and even 
with the delta irrigation of the Karakalpaks in the 
18th–19th centuries. 

The continuous hydrographic changes in the 
deltaic channels, and the fluctuations of their 
level, forced the ancient irrigators to seek ways 
to artificially control the flood water level in the 
former riverbeds adapted for irrigation. The next 
extremely important step in the development of 
irrigation technology – the invention of the head 
works – was made in Tazabagyab.

In the Tazabagyab ‘oasis’ we surveyed some 
irrigation systems with head structures consisting 
of watering canals. The origins of one of the largest 
systems were preserved in the shape of two flat 
walls 8 and 13 m wide, 30–50 cm high above 
the takyr, scattered with the typical Tazabagyab 
ceramics (see Figure 27.G). These structures were 
first found by the archaeological-topographic 
unit in 1954 (poisk 662). They began in the now 
vanished riverbed. The origin of the system was 
covered by a small sandy ridge, behind which a 
scattered site was found due to the accumulation 
of ceramics over an area of 30 × 50 m. On 
the takyr around the canal, which crossed this 
accumulation, there were many traces of small 
canals 0.5 m wide.

During the repeated investigation in 1964, we 
followed the irrigation system further northeast, 
where two canals ‘merged’ into a former riverbed 
(poisk 1605). It was meandering and clearly 
expressed by the microrelief of the takyr surface 
and also by vegetation; it was 11–13 m wide 
between the two banks. This riverbed was traced 
further for 2.5 km. In the lower riverbed the small 
natural or artificial (?) ridges disappeared and 
the general direction of the riverbed continued 
with a small (2–3 m wide) artificial canal 2.5 
km long. The total area covered by this system 
in the environs of the settlement was 70–90 ha. 
Almost throughout the whole length of the canal, 
small canals (0.5–0.7 m wide) branched from it 
at right angles and they were scattered around 
the remains of broadly dispersed dwellings, with 
pottery and other cultural remains all around. 
The settlement stretched for 1,200 m along the 
canal (see Figure 27.G) and the canal itself could 
be traced for further 1,300 m. Its slopes were 
similar to those of the former riverbed (0.2–0.3 m/
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km) and quite enough for the water to flow from 
the former riverbed along the canal and continue 
in its direction. This system of irrigation of the 
third quarter of the 2nd millennium BCE well 
illustrates the thesis that the observation of the 
natural movement of flood water along the bed of 
drying channels gave rise to the development of 
the technique of leveling the canals path (Tolstov 
1948a:45).

The trench made through the canal revealed 
at least two periods of life of this irrigation system. 
Here is its description (see also Figure 28.D): 1) 
takyr thin crust of 5 cm; 2) ashy-yellowish clay 
loam, loose, granular, partially with big lumps, 
stratified in the center, with many rusty ochre-
colored spots and traces of digging, up to 20 cm; 3) 
dark-gray clay loam, dusty, compact and stratified, 
with weak ochre-colored spots and traces of 
gleysol, traces of roots and layers of sands at the 
bottom, of 30 cm; 4a) dark-gray clay loam, slightly 
sandy, stratified, with pieces of charcoal and other 
cultural remains, of 30 cm; 4b) the same clay loam, 
but without a marked stratification and with traces 
of digging, 50 cm; 5a) massive brownish stratified 
silt of heavy loam composition, with rusty spots 
and traces of roots; 5b) gray-yellow clay loam 
with pale ochre-colored spots; 6) yellow-gray sand.

As we can see from the description and the 
drawing (see Figure 28.D), there are clearly two 
main phases of this irrigation system, between 
which a break occurred. After the first phase the 
canal was cleared up to its previous depth and 
this was evident in the irregular border between 
layers 3 and 4b. It is possible that the second 
period of the system was connected to the 
construction of a new head structure found 1 km 
southwest of the old one. The canal function 
could hardly have been continuous for a long 
time, and, judging by the fact that the whole 
system does not intersect other canals but, on the 
contrary, it cuts across older ones (for example, 
the former riverbed and canals near the site of 
Kokcha 16), therefore it should be considered as 
the latest one in this place.

Of the total area of 70–90 ha covered by the 
settlement and the network of small ditches, the 

fields occupied no more than 20–30 ha. They 
were approximately the same size as the fields 
recorded by M. I. Itina’s team on site of Kokcha 
15 (7 × 7, 10 × 10, 10 × 12 m) (Itina 1967:74; 
1968:81). We know nothing about the crops 
cultivated in these Tazabagyab fields. It might have 
been millet (typical of the Eurasian steppes in the 
Bronze Age) or barley, wheat and rye (recorded 
in Bronze Age sites in Southern Turkmenia and 
the Zeravshan Basin) (see pp. 130–131). It is very 
difficult to determine also the total number of 
dwellings and, consequently, the population of 
the area controlling this system, forming a rustak 
(rotastak in Middle Persian) or ‘cultivating land, 
plowing field’ (shoytra in Avesta) (ITN 1963:144, 
507:note 49). If we proceed from the Zoroastrian 
tradition of kinship in the ancient Iranian villages 
(vis’gm), the number of families there were at least 
15 and the tribes no less than 30 (ITN 1963:144, 
507:note 60). The most recent purely hypothetical 
number can be compared with data taken by A. 
G. Perikhanyan from the Sassanid code of laws 
(6th–7th centuries CE), according to which the 
traditional (and going back to ancient times) 
average number of people was 100 people – males 
(Perikhanyan 1968:37). Perhaps in the observed 
Tazabagyab site there also lived at least 100 males, 
sufficient (according to earthworks calculations) 
to carry out and exploit the communal irrigation 
system.

Similar, but not identical, irrigation systems 
consisting of adapted former riverbeds and small 
distributors were found by the unit in the environs 
of Bazar-kala, in particular in the late Suyargan 
encampments of Bazar 1 and Bazar 3, dated by 
M. I. Itina to the 11–10 centuries BCE (Tolstov 
and Kes 1960:123–124, 132–133).

The encampment of Bazar 3 is located 9 km 
north–northwest of Bazar-kala on the dispersed 
takyr with an uneven loose surface. The takyr 
was surrounded by sand barchans covering the 
riverbed located 50 m west (see Figure 27.H). 
According to the evidence, a badly preserved 
dwelling with an oval-shaped plan (12 × 9 m in 
size), was discovered on the bank of a small ‘takyr’ 
channel, and marked on the ground by a series of 
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characteristic structural ledges. The overall width 
of the channel was 13 m. At the encampment a 
trench was made on the channel (Trench 44; see 
Tolstov and Kes 1960:132–133). The irrigation 
facilities consisted of several, almost parallel, 
meandering ditches preserved in the shape of 
gullies. They were revealed during topographical 
surveys on both the southern and northern sides of 
the encampment. North some canals were traced 
for 116–120 m; they were close to the transverse 
canal, through which the water discharged into 
the riverbed. The whole irrigation system area 
was less than 1 ha. The visible width of the canal, 
where another trench was opened (Trench 45), 
reached 1.7 m (see Figure 27.H and also Tolstov 
and Kes 1960:133:fig. 71).Editor 42 The surface of 
the canal was uneven up to 1–2 cm, and there 
were clearly expressed steep ledges up to 3–5 cm 
high. Some places provided surface finds of late 
Suyargan ceramics.

Trench 45 concerned both a buried ditch 
and part of the field (see Tolstov and Kes 
1960:133:fig.71). In the stratification of the 
ditches it was detected a lens-shaped deposit in 
the compact grayish-yellow clay loam and in the 
gray fine-grained, thin horizontal stratified sand, 
with layers of clay loams and clay lumps in the 
lower parts. Two thin layers of sandy loam, lying 
under the sand, repeated the contours of sand 
lenses (see Figure 27.I). Traces of digging were 
found at the lens side of the ditch. Somewhat 
different in character was Trench 44 dug through 
the ‘takyr’ riverbed which reached, as mentioned 
above, a width of 13 m near the site of Bazar 3.

The compact sand lens (Layer 4) lies in a 
dark-brown loam of marshy-cultivated origin, as 
indicated by the layers of buried soil with black 
humus spots and charred plant roots. Above the 
loam there were strata of thin layered sandy 
loam, which show a gradual change in the water 
regime and the appearance of flowing water. The 
sandy loam was covered by a massive lens of gray, 
fine-grained and stratified sand with inclusions of 
sandy loam and clay lumps in the lower part, a 
very typical feature of fast flowing river water. 
Such sand was also recorded in the trench, dug 

through the ditch, indicating the simultaneity 
of their exploitation. It is very important to note 
that lateral areas of the channel, especially from 
the Bazar 3 encampment and fields, preserved 
traces of digging. They can be attributed to the 
clearing and deepening of the riverbed, and 
perhaps the strengthening of the channel banks, 
protecting dwellings and fields against the rising 
flood water.

Further improvement of irrigation systems, 
based on delta channels and former riverbeds, 
was traced by the team studying the environs 
of the Amirabad sites (see Tolstov l946c:66–
67; 1948a:68–70; l948b:89–90; 1962a:68–74; 
Tolstov and Kes 1960:133–136; Itina 1963; 
Yagodin 1963) of Bazar 8, Bazar 10 and Yakke-
Parsan 2 dated to the 9th–8th centuries BCE 
(see Figure 27.K–L). They are located in an 
area where the preserved sites of Bronze Age 
irrigation were connected and covered by later 
and more massive Archaic systems of the 6th–5th 
centuries BCE. Here, the surface was heavily 
eroded in the past by irrigation waters and then 
dispelled. Some areas have become a fanciful 
conglomeration of residual outcrops, towering 
among the vast sandy hollows, marked by sandy 
loam and wides pread dunes.

The encampment of Bazar 8 was located 11 
km northeast of Bazar-kala (see also poisk 571–
576, 1954). The riverbed is expressed here by a 
bank 20 m in size with clear ledges of destroyed 
takyr surface. In the lower reaches, where the 
bank was close to the encampment, the width 
was reduced to 10–12 m and the height above 
the takyr level was from 1.5 m to 30 cm. From 
the riverbed, long (up to 1 km) and narrow (0.5 
m to 1 m) distributing ditches departed at right 
angles, and are clearly marked on the ground as 
small narrow hollows with biyurgun and saxaul 
bushes (see Figure 27.K). In contrast to the very 
short feeders, in the encampment of Bazar 3 
these long (up to 1 km) canals have, in the lower 
part, ramifications, which can be considered as 
a further step in the increase and complexity of 
irrigation systems, as well as the appearance of 
a new element: the distributors. The irrigation 
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system in the environs of Bazar 8 has a more 
extensive control area (200 ha), which is five 
times more than the Tazabagyab systems at  poisk 
1609–1610, and almost 200 times larger than the 
system of Bazar 3, which is 1 ha.

The majority of Amirabad sites, and the 
remains of irrigation were discovered west of the 
Southern Akchadarya Delta, located along banks 
of the meridian riverbed, which along its whole 
length, beginning from Little Kavat-kala to Yakke-
Parsan, was affiliated with sites of the Bronze and 
early Iron Ages (Tolstov 1962:fig. 29).Note 87 From 
this channel, 3.8 km southwest of Yakke-Parsan, 
a small, rather meandering, dry ‘takyr’ riverbed, 
rising above the surrounding takyr, branched off 
at a right angle. It was preserved in the shape of 
a flat bank 15 m wide. The riverbed was 1.8 km 
long. It ended in a branching of delta channels 
with clear traces of irrigation ditches (2–3 m wide). 
Right here we discovered a whole Amirabad 
village consisting of about twenty semi-earthen 
houses; it was called ‘Yakke-Parsan 2’ (Tolstov 
1962a:68–74; Itina 1963:fig. 1).

The study of the test trench dug on the 
mainstream south of this site by M. I. Itina’s 
archaeological unit was particularly interesting 
(Trench 5). Here is its description (Figure 31). 
The trench was 18 m long and 1.4 m deep. The 
layers are: 1) takyr thin crust preserved only on the 
left bank of the riverbed; 2) light-gray clay loam, 
ochre-colored, compact, up to 40 cm; 3) light-
brown clay loam, thin dusty, compact, forming in 
the riverbed three mixed layers divided by sands 
(layer 4); 4) dark-brown clay loam, compact, with 
salt efflorescence, the upper border is unclear, 
the layer is inclined toward the left bank of the 
riverbed, in the center, a lens-shaped layer (the 
lens length is approximately 4 m long), of 40 
cm; 4a) light sandy loam, grayish-yellow, dusty, 
compacted, with rare layers of loam and traces of 
digging near the riverbed, of 30 cm; 4b) the same 
sandy loam with stratification of clay loam and of 
digging, inclined and wedged towards the bottom 
of the river, up to 80 cm; 4c) dark-gray sandy loam, 
loose, with lumps, inclined, wedged towards the 
bottom of the riverbed; 4d) light ochre-colored 

sandy loam up to 100 cm; 5) gray sand, with 
high inclusions of mica and traces of alluvial 
stratification forming a layer intermixed with loam 
and filling the riverbed; 6) swampy layer.

In this trench successive stages can be traced 
of the gradual silting and the consequent turning 
of a wider (15 to 20 m), fading natural riverbed 
into an artificially deepened, regulated riverbed 
of smaller size (8–10 m wide). The alternating 
layers of light-brown loam, with lenses of gray 
alluvial sand, illustrate well stages of the riverbed 
covered by sediments and the sharp changes in 
water regime: fast flowing waters depositing sands 
and slow water depositing silt particles. Traces of 
digging in the clay and sandy loams sediments 
along the banks indicate that this regime change 
was caused by activities of the inhabitants of 
the Amirabad village, who regularly cleared 
the sources and the bottom of the riverbed (see 
also Itina 1963:128). As a result, the riverbed 
gradually assumed the character of an artificial 
main canal and its size decreased from 8–10 m to 
3.5–4 m, and 2.5 m between banks. The last stage 
of life is connected with a layer of dark-brown 
heavy loam formed under silting conditions and 
fading of the system. According to the remains 
of buried swamp sediments (layer 7 at a depth 
of 35–40 cm), high floods occasionally broke 
through the banks and flooded the surrounding 
lands; the flooding of dwellings (after which they 
were abandoned) was recorded by M. I. Itina 
during the archaeological excavations of Yakke 2 
(Itina 1963:111:fig. 3).

Within the limits of the village several 
trenches were also dug, in particular a trench 
(Trench 1) through the narrow 2 m canal, which 
was a continuation of the main canal mentioned 
above. On the surface there were remains and 
traces of parallel banks of a narrow canal, which 
was dug in the sediments of a canal more than 
10 m wide. M. I. Itina found Amirabad ceramics 
in the sediments of this more ancient canal (Itina 
1963:110).Editor 43 The total trench width in the 
later canal was approximately 4 m and 1.8 m 
between the banks. The layers are: 1) light-gray 
takyr thin crust, of 5 cm; 2) gray takyr clay loam, 
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with inclusions of sand and traces of digging, up 
to 20 cm; 3) loose clay loam, of 40 cm; 4) light-
brown clay loam, compact, with rusty spots; 5) 
gray-yellow sandy loam, inclined, of 10–15 cm; 
6) gray sand, fine-grained, thin stratified, lens-
shaped, on the bottom of which a pottery fragment 
was found, thickness of 40 cm; 7) light-gray sand, 
thin stratified sand, with high quantity of mica, 
inclined along the bottom of the canal, of 10–20 
cm; 8) layer of buried swampy soil at a depth of 
35–40 cm.

The active process of river sediments was very 
characteristic for the irrigation system of Yakke-
Parsan 2, so it is interesting to try to estimate 
the amount of labor expended for cleaning the 
irrigation works. Considering the reduction of 
cross-sections (from 8–10 m to 3.5–4 m and 
2.5 m), in Trench 5 cleaning was only partial and 
an estimate of its total amount is rather difficult. In 
the last stage, when the section was no more than 
3 m3, 3,000–4,000 m3 of soil had to be removed 
for cleaning the system. 

How many people lived in the village of 
Yakke-Parsan 2? If we accept that the settlement 
had about 20 dwellings (Tolstov 1962a:69), 
and every house was inhabited by an expected 
average of no more than 20–25 people,Note 88 the 
total population was likely to be 400–500 people, 
including 100–150 working men. They spent from 
10 to 15 days cleaning the irrigation system (with 
an average daily rate of no more than 2 m3).Note 89

Typical of Amirabad irrigation was the com-
bination of former channels or regulated riverbeds, 
transformed over time in main canals, and small, 
short distribution and irrigation ditches were also 
recognized in many other ancient settlements of 
that time, in particular in the encampment of 
Kavat 2 (9th–early 7th centuries BCE) (see Yagodin 
1963). The encampment of Kavat 2, located on 
the bank of a small dry channel, was marked by 
clusters of pottery, fired stones and bones traced 
along the canal. The latter was preserved as a dark 
meandering line 2–2.5 m wide. With the silting 
process and further artificial cleaning, it gradually 
assumed the character of a main canal.

The main canal of the Amirabad period, 3 

km long and a completely artificial irrigation 
construction, was found and studied in l954 by 
the archaeological-topographical unit north of 
Bazar-kala near the end of the Archaic irrigation 
system. In one of these areas, in close proximity to 
a massive Archaic canal, which survived as a takyr 
strip 40–50 m wide and some remains of natural 
hills, traces of a more ancient, heavily damaged, 
canal were found, with a total width of 11–18 m, 
beginning in the riverbed northeast of Bazar-kala 
(poisk 504, etc.). In the vicinity of its head Antique 
pottery was absent, but clusters of late Suyargan 
and Amirabad ceramics (poisk 503–510) were 
found. The middle part of the canal intersected 
with the later Archaic one covering it. Here, on 
the takyr surface, the Amirabad ceramics mixed 
with Archaic ones. Three kilometer from the head, 
the canal intersects the vast Amirabad sites (500 
m long and 100 m wide) of Bazar 10 and 11 (see 
Figures 27.L and 29).

The development of irrigation technology 
in the Lower Amudarya during the Bronze and 
early Iron Ages was a complex process of research 
and accumulation of experience by the ancient 
irrigators, grasping the knowledge of natural 
laws which rule water movement in fading delta 
channels and former riverbeds, and beginning to 
use them to regulate the water supply to fields. 
That was the way in different deltaic areas of 
the ancient world, from a very primitive single 
and temporary estuary form of irrigation to the 
establishment of irrigation systems in small 
fields placed along the banks of former channels 
or fading riverbeds adapted for irrigation (see 
pp. 109–110, 132–133).

In the Tazabagyab sites of the third quarter 
of the 2nd millennium BCE irrigation systems 
different for their complexity were recorded: 
vegetable-fields, small irrigation canals on former 
riverbeds, as well as more developed systems, 
consisting of head canals, former channels or 
regulated (re-deepened and embanked), and the 
small distributors derived from them.

People learned from nature to adapt the fading 
(silting) deltaic channels for gravity irrigation. 
However the progress of irrigation techniques in 
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Prehistory was very slow. Only in the early 1st 
millennium BCE there was a gradual development 
of skills in irrigation. The short irrigation canals 
of the early Bronze Age, i.e. lateral canals (not 
exceeding a few tens or hundreds meters), in 
the Amirabad period (9th–8th centuries BCE) 
were replaced by longer ones (up to 1 km) 
with branched distributors. Thus new features 
appeared in the irrigation system from riverbed 
to field. The regulated former riverbeds were 
gradually changed into small main canals.Note 90

Along with the changing character of irrigation 
facilities in the Amirabad period there was a 
noticeable increase of irrigated areas. Thus, in 
the primitive irrigation of Khorezm we have 
both qualitative (complex water supply systems 
to the fields) and quantitative changes. They 
characterize the development of productive 
forces and the emergence, already in Prehistoric 
communities, of the main irrigation devices that 
represent the following historical period, i.e. the 
Ancient Khorezmian state (Tolstov and Andrianov 
1957:6).

Archaeological excavations of Khorezm sites 
of the Bronze and early Iron Ages indicated that 
farmers lived in small villages consisting of several 
dozens semi-earthen houses. These settlements 
were placed along the banks of small irrigation 
systems, and the sphere of their agricultural 
production activity was limited to the basin of the 
settlements. Thus, in the Gathas, not accidentally the 
same term refers to ‘tribe’ (shoytra) and ‘cultivated 
land’, ‘field’, ‘district’ (Livshits 1963:147). The scale 
of irrigation systems did not exceed the physical 
capabilities of the family communities that had no 
more than a hundred men’s hands.

The material describing the irrigation facilities 
of the Southern Akchadarya Delta in Prehistory 
helps to understand the overall process of gradual 
transformation of former riverbeds, through silting 
and re-deepening, into artificial canals, as well as 
the origin of irrigation systems with multi-headed 
hydraulic structures ensuring a more stable and 
permanent diversion of water from the lateral 
deltaic channels. However, during Prehistory, 
when the Amudarya, in the words of V. V. 

Bartold, “subordinated the people of Khorezm 
to itself”, the channels had not yet been brought 
under farmers’ control, for this reason the heads 
of canals were often blurred, and the canals and 
fields were subsequently moved from one place 
to another (in areas with a more favorable regime 
of flood water). The farmers depended mostly on 
the continuous changes of  delta channels, which 
they could overcome only by regulating flood 
waters of the Amudarya large channels, using 
dams and extensive long-term irrigation systems. 
This required the organization of large-scale 
irrigation farming.

Origin of the Ancient Khorezm State  
and the Development of Irrigation
The deltaic plains of the Amudarya were already 
densely populated by farming peoples as early 
as the Amirabad period (Tolstov 1948a:45). The 
character of  irrigation was broadly correspond-
ent with a society that still did not know the state, 
preserved a tribal organization, and stood on the 
threshold of a new socio-economic formation 
(Tolstov 1939). At that time, in Khorezm as in 
many other agricultural regions of Central Asia 
located near the world of pastoral steppes and 
supporting them with close economic ties, the 
relationships between the different populations 
intensified, antagonisms between economic 
structures arose, and the growth of property 
differentiation between and inside tribes began.

In the first quarter of the 1st millennium BCE, 
the Eastern Iranian tribes experienced a period 
of expansion of primitive communal societies 
due to social and property differentiation and 
the formation of a class society (Tolstov 1940b; 
1948b:95; Dyakonov 1954; V. Masson 1959:122–
135; Livshits 1963:149). These transitional 
societal features, which stand at the beginning 
of class formation but have the characteristics of 
a military democratic society, were reflected in 
the ancient sections of the Avesta texts (Tolstov 
1935a, 1940b; Artamonov 1947:83; Kosven 
1960; M. Dyakonov 1961:58–65; Livshits 1963; 
Masson 1968).

S. P. Tolstov, connecting the homeland of 
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Zarathustra’s doctrine with Khorezm, wrote that 
the Avesta describes the society of “settled 
herders and farmers breeding cattle, horses and 
camels. All property interests rotated around the 
livestock” (Tolstov 1948b:96). Cattle breeding 
suggests the traditions of the complex deltaic 
economy of the semi-settled herder-farmers, 
where a major role in the food supply was played 
by naturally irrigated pastures and reed thickets, 
so typical of the landscape of the lower reaches 
of the major Central Asian rivers. Along cattle-
breeding the population was engaged in agri-
culture. One of the parts of the Avesta, the 
Videvdat, preaches: “The root of faith is to revere 
Mazda … tillage; who cultivates cereal, also 
cultivates the Truth”. The Avesta reported “on the 
vast land that produces a bright abundance”, in 
which “the water flows through canals, the plants 
grow to feed cattle and people, to feed the Aryan 
countries” (Yasht 13:9–10). The texts refers to 
channels or canals, for instance (Yashts 8, 29, 3; 
Herzfeld 1947:539):

Good fortune to your springs and your fields,
Good fortune to you and (your) lands,
Your channels (canals?) will be watered, 
Let full-weight yield of grains pour on the fields
And yield of grass pour on pastures.

Interestingly, to note that a community 
farmer was called in the Avesta a ‘supplier of 
grass to cattle’ (vāstrya-fšuyant), which, according 
to E. Benveniste, reflects the relatively recent 
transition of population engaged in farming (see 
also Dyakonov 1961:363).Note 91

The rich pastures of the deltaic regions of 
the major Central Asian rivers, which served 
as the basis for development of cattle-breeding 
to the present day, in that remote period could 
not have been the cause of violent tribal conflict 
and wars. In his very interesting article on the 
economic and socio-historical characteristics 
of the Eastern Iranian tribes of the 8th–6th 
centuries BCE, based on the information from 
the Avesta, V.I. Abaev noted that the ideology of 
early Zoroastrianism emerged mainly from the 
antagonisms and struggles of settled herders, 

the Aryas, with the nomadic herders, the Tura 
(certainly, Iranian speaking), related to the Aryas. 
According to V. I. Abaev, this struggle with the 
‘Scythian way of life’, which became a social 
program of the preacher Zoroaster (Zarathustra) 
was not only a struggle with neighboring Saka 
(Scythian) nomads, but the struggle with those 
groups within the same people who have sought 
to follow a ‘Scythian way of life’.

The struggle for unification, defense against 
forays (Aēshma), establishment of strong power 
(Khshathra) and a common world (Aramati) on 
the entire Aryan land, stretching from Herat, the 
Paropamisus Mountains to the Merv Oasis, the 
banks of the Amudarya and the Aral Sea: all this 
is consistent with the ideology of the dominant 
social groups to create a strong irrigation-based 
agricultural economy and a strong government.

The historical-social interpretation of the 
Avesta texts made by S. P. Tolstov (1940b, 
1948a–b), V. V. Struve (1948, 1949), M. M. 
Dyakonov (1954, 1961), I. M. Dyakonov (1956) 
and V. I. Abaev (1956) reveals a picture of the 
struggle between the settled farmers of Khorezm, 
Margiana, Sogdiana and Bactria and the pastoral 
tribes in the valleys of the great Central Asian 
rivers.Editor 44 This is a picture of the increasing 
crisis between the primitive communal relations 
and the establishment of a strong power unifying 
different tribal groups, without which it would 
have been impossible to organize a large-scale 
irrigated economy. This process of forming the 
first state organizations on the territory of Central 
Asia took place amid violent political and social 
conflicts. Ideologically, this process was reflected 
in a religious worldview, as in the passionate 
sermon where Zoroaster proclaims the farming 
as the first virtue of the true followers of Ahura 
Mazda (see Struve 1949:149; Bartholomae 
1905:127, 133).

According to the archaeological material from 
the Murgab Oasis, the process of organization of 
a large-scale irrigation economy (based on the 
canals Gati-Akar and Guni-yab),Note 92 and of a local 
state power, was established there earlier than in 
Khorezm (V. Masson 1956a:22–23; 1958:59–61; 
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1959:90–91; ITN 1963:149). Thus, in the Murgab 
Oasis of the 9th–7th centuries BCE, there are 
small holder centers (settlements with citadels of 
the Yaz 1 culture) and the major main canals have 
a length of a few tens of kilometers. 

How can the earlier development of the 
Murgab Oasis be explained? As in many countries 
of the ancient world, in the territory of Central 
Asia the borders of many early state unions 
coincided “with the borders of irrigation systems 
and their irrigated lands” (Dyakonov 1954:178). 
In the fading channels of the lower reaches of 
the Northern Murgab Delta, the regulation of 
riverbeds was less complicated and less difficult 
than the regulation of the full-flowing channels 
of the Amudarya River, therefore, earlier (in 
favorable historical and cultural conditions), 
the local state of Margiana formed here also. 
It is in this area (on the Murgab or the Tedjen) 
that many researchers have localized what 
Herodotus described as complex regulated 
hydraulic works on the Ak River (Akes), flowing 
on the junction of the “land of Khorezmians 
themselves, Hyrcanians, Parthians, Drangians and 
Thamanaei” (see Herodotus III, 117; Markwart 
1938:9ff.; Henning 1951:42; Gulyamov 1957:96; 
Dyakonov 1956:357–358; Masson 1959:125).

However, in the period before the Achae-
menids, in the Khorezmian Oasis with its vast 
natural and human resources, the mighty Saka-
Massaget military-democratic confederation 
of tribes was formed and gradually became a 
unified state headed by the Siyavushids’ kin 
(Tolstov 1948a:341–342). The formation of such 
a union was the historical prerequisite for further 
progressive development of the economy of the 
Khorezm Oasis. Initially, when the tradition of 
military democracy still predominated and wars 
were, according to F. Engels, ‘a permanent job’, the 
mighty tribal alliance of the Saka-Tura, or Saka-
Khorasmian, directed all their forces to conquer 
the neighboring, more developed, southern 
countries (see Pyankov 1963).

According to Herodotus (III, 117), before the 
establishment of the Persian rule, the Ak Valley 
belonged to the Khorezmians (Bartold 1965: 

544).Note 93 On the basis of this report, J. Markwart 
and S. P. Tolstov concluded that before the 
Achaemenids there was a powerful state union 
headed by Khorezm, the ‘Great Khorezm’, (see 
Markwart 1938; Tolstov 1948a). They identified 
Khorezm itself as the legendary homeland and 
the first area of the spreading of Zarathustra’s 
teachings, the Airyana Vaējah. (Benveniste 1934; 
Marquart 1901:118, 155; Markwart 1938:10–11; 
Tolstov 1948a:19ff., 286ff., 341; 1948b:103ff.; 
Henning 1951:42–43; Gershevitsh 1959:14–21; 
269–299; Livshits1963:151).

In the Greek sources, Khorezm (‘city of 
Khorasmiya’ and country of ‘Khorasmians’) was 
first mentioned by Hecateus of Miletus, pre-
decessor of Herodotus, as a populated, partly flat 
and partly hilly, country east of Parthia (Bartold 
1965:23–24, 544). This clearly described the area 
where the Khorezmians ruled politically (ITN 
1963:152; Dyakonov 1961:64). In particular, 
on the traditional ‘Great Khorezm’ political 
confederation of the pre-Achaemenid period 
(according to S. P. Tolstov), was also based 
the inclusion of the Khorezmians during the 
Achaemenid Empire in one taxed province (16th 
Satrapy), together with Sogdians, Hariana and 
Parthians (Tolstov 1948a:341). M. Dyakonov 
rejected the legitimacy of this comparison 
(Dyakonov 1956:348). However, as rightly 
pointed out by V. A. Livshits, “It is largely possible 
to assume that the Khorezmians controlled vast 
territories in Central Asia over a long period of 
time” (Livshits 1963:153). 

However, these very difficult problems of 
Khorezm political history and its neighboring 
countries in the 8th–7th centuries BCE were 
solved, one thing is completely clear: the acquaint-
ance of the Khorezmians with the southern, more 
ancient agricultural, oases of Margiana and Bactria 
contributed to the rapid progress in irrigation 
skills in Khorezm. Perhaps, the influence of the 
experience of the southern farmer-irrigators 
played an important role in this process. The 
Archaic Khorezmian culture of the 6th–5th 
centuries BCE, which replaced the Amirabad 
culture, is characterized by an extremely close 
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relationship with the cultures of Southern Central 
Asia, especially Margiana (Tolstov 1962a:108). 
They are clearly manifested in the similarities 
of the ceramic complexes (Vorobeva 1958:344).

Irrigation Works of Antiquity 
Archaic Period (6th–5th centuries BCE)
This is the time of construction of massive 
irrigation systems both on the right and left 
banks of the Amudarya, the formation of a class 
state in ancient Khorezm, the wide agricultural 
development on vast deltaic plains, and the 
development of handicrafts, especially pottery 
(Tolstov 1948b:101–103; Vorobeva 1959a:66–
84).

In the second half of this period, Khorezm was 
included in the Achaemenid Empire (see Struve 
1946; Dyakonov 1961:77; Masson 1959:139–
145) and, apparently, it contributed to the overall 
development of agriculture and handicrafts, and 
also the broadening of the range of crops (at that 
time the grape appeared in Khorezm). According 
to V. V. Bartold and S. P. Tolstov, by the end of the 
Achaemenid Empire, the population of Khorezm 
already formed an independent kingdom (Bartold 
1965:544; Tolstov, 1948a:17; 1948b:103–109).

In her study of ceramics of the Antique period 
of Khorezm, M. G. Vorobeva led many arguments 
for dating the pottery of Archaic Khorezm to the 
6th–5th centuries BCE (Vorobeva 1959a:65–84; 
see also Tolstov 1941:178; 1948a:77). This 
pottery characterized the numerous plowed 
and dispersed settlements on the banks of great 
canals, differing sharply in size from the previous 
Amirabad system of irrigation.Note 94

The archaic canals were dug parallel to the 
deltaic channels, as if repeating the hydrography 
contours. The strong pattern was recognized in the 
near Bazar-Kala, whose shape, perhaps, reflects 
most aptly the ancient Iranian name of the country 
‘Khorezm’ as ‘A country with a good enclosure’ 
(Bogolyubov 1962:370).

Weak traces of canals tracked by us on the 
west and east of Bazar-kala were, however, dated 
to the more recent Kangju or even Kushan periods 

(Tolstov, 1962a:104). The banks of the eastern 
canal were completely destroyed by erosion 
and preserved only in the bottom central part, 
bordered by a series of parallel ledges, detected 
on photographs by light and dark lines visible 
through pattern of shifting sands (see Figure 5). 
The impressive walls of Bazar-kala, towering 
above this sea of sand, and the hardly detectable 
traces of ancient activities of farmers, according 
to the abundant dispersions of typical pottery, 
are here attributable to the Archaic period (see 
also Gulyamov 1957:77). The Archaic ware 
accompanies this canal along its entire length: 
from the beginning (3.5 km south of Bazar-kala, 
where it branched out from a 60–70 m lateral 
channel of the Akchadarya) to its lower parts 
near the encampments of Bazar 1. There it was 
preserved slightly better and was expressed on the 
flat terrain by a 40 m wall rising 1–1.5 m above 
the takyr (Figure 32). The canal seemed to be a 
continuation of the channel and resembled the 
supply scheme (river – former riverbed – main 
canal – feeders – field) of the previous Amirabad 
systems but sharply different in size: the length 
is 8–9 km long and the total width between the 
banks is about 40 m.

The western canal was also preserved in 
some parts as a bank of 40 m. Like the eastern 
one, it meandered and continued in the direction 
of another small dry channel, expressed by a 
depression 60–80 m wide filled with sand. In 
its head section (poisk 359) we found ceramic 
production remains of the Archaic period (see 
also Vorobeva 1961:167). In the area of the canal 
we identified remains of small irrigation ditches, 
branching only on one side. At one of the feeders 
(poisk 701), with a total visible width of 2.7 m, 
we dug a trench revealing the lens of a ditch. 
The banks were not preserved and the canal was 
marked on the surface as a weak depression of 
2–3 cm, covered in some parts with sand, Salsola, 
and small bushes of saxaul. Archaic ceramics 
were collected inside the canal and the fragment 
of an Archaic vessel was found in the trench at a 
depth of 10 cm.

A diked field, 88 × 90 × 92 × 112 m, was found 
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beside the ditch. The field was covered with some 
fragments of Archaic and Kangju ceramics, based 
on that we dated the period of agro-irrigation 
activity to the inhabitants of this region, which 
coincided, probably, with the main period of 
life of Bazar-kala, i.e. with the late Kangju and 
even Kushan periods (Tolstov 1962a:104). The 
latest sites of this region had remains of ceramic 
production (both on the mound and outside it) 
belonging mainly to the Kushan period (poisk 320, 
616, etc.) (Vorobeva 1961:166–167).

Regarding the history of irrigation works in 
the environs of Bazar-kala, the third Archaic 
canal, constructed later than the two systems 
described above and crossing them in its lower 
reaches, is the most interesting. This larger canal 
(more than 40 m wide between banks) had its 
source not in the lateral channel or former 
riverbed, but already in the main riverbed of the 
Akchadarya. Moving the head of the main canal 
to a major river channel represents the next 
important step in the development of irrigation 
skills in Archaic Khorezm.

The canal was dug strictly parallel to the lateral 
‘Kokcha’ channel, already well known to us from the 
graveyard of Kokcha 3 in its lower reaches, for the 
numerous Suyargan and Amirabad en camp ments, 
and for the remains of small irrigation systems, the 
latest of which, apparently, immediately preceded 
the Archaic systems. This was proven by the fact 
that on the banks of the ancient channel (which 
had a maximum width of about 100 m), where 
it branched off from the Akchadarya riverbed, 
we found the Amirabad period intake as well as 
Archaic systems (poisk 454, 463, 555, 556). Some 
parts on the left bank of the channel show traces 
of several canal reconstructions. Their beds were 
largely dispersed, detection was only possible by 
soil and vegetation, and covered with Amirabad 
and Archaic ceramics.

The massive Archaic canal was dug along 
the right bank of the channel. It was heavily 
eroded and destroyed. Not far from the head its 
total width was 42–45 m. In the central part, the 
microrelief and the strip of vegetation exposed a 
more ancient and narrow (15 m wide) Amirabad 

bed, well traceable downstream (2–3 km north 
of the ruins of Bazar-kala). There, both banks 
(1 m high) were well preserved and their width 
was 40 m (Figure 34.A). These sizes remained 
the same over the whole length of the canal, 
which was very straight and had few branches, 
mainly in one direction. The canal, apparently, 
did not have a significant depth compared to its 
wide width (compare with Gulyamov 1957:90). 
It was traced for 11 km, starting from the head 
(Gulyamov 1957:77). According to our modest 
calculation, the construction of such a canal would 
have required 500 workers for 35–45 days in 
order to extract 50,000–65,000 m3 of soil (at a 
rate of 3 m3 per day).

In the Archaic period when the intensive 
drainage of the Southern Akchadarya Delta 
channels started, the population constructed not 
only artificial ‘rivers’ (as exemplified by the above 
mentioned Archaic canals), but also tried to create 
small artificial ‘deltas’. The ancient Kelteminar 
is an example of such kind of hydraulic solution 
suggested by nature. The irrigation network of the 
Archaic Kelteminar reproduced in plan a small 
river delta layout (Figure 34.A) (see also Tolstov 
1958:112–113: Karta Drevnyaya irrigatsionnaya 
sistema kelteminara – Map of Kelteminar ancient 
irrigation system). 

Archaic Kelteminar
A complex network of Archaic main canals, 
together with the remains of dwellings spread an 
accumulations of Archaic ceramics, along them, 
starting 10 km south of the Koy-Krylgan-kala ruins 
in the environs of Eres-kala.Note 95 Here, from the 
large north–south Akchadarya channel, another, 
even smaller riverbed departed northeast to the 
right towards Djanbas-kala. On the right bank 
of the lateral channel, our studies revealed a 
complex knot of head canals from mutiple periods 
feeding the ancient Dingildje Oasis and, on the 
heavy sands on the left, the origins of the Archaic 
Kelteminar system. This place, near the riverbed 
bifurcation was well chosen. It met the necessary 
requirements described by Ya. G. Gulyamov 
(1957:239).
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The main canal was made along the Akchad-
arya riverbed on the edge of the takyr shield, which 
here was 1–2 km wide and stretched for 15 km in 
different directions across large and small canals, 
remains of fields, gardens and vineyards, badly 
damaged by erosion. Among them, sometimes 
there were eroded mounds of ancient dwellings 
with material culture remains of the ancient 
inhabitants. All these were covered by shifting 
sand, forming entire dunes, or opening up vast 
clay areas of takyr, with rare sand dunes almost 
without vegetation.

Judging from the numerous pottery finds of 
the Archaic period, the largest and most ancient 
canal bordered the left area of takyr loams 
located between two large Akchadarya dry 
riverbeds. The canal left the ruins of Karga-kala, 
Adamli-kala and Koy-Krylgan-kala (Figure 34) 
right, skirting the latter site from north, in the 
shape of branching takyr bands and heavily 
destroyed takyr remains, and continued flowing 
northeast in the direction of Bazar-kala. 
Apparently, it was rebuilt several times, as proven 
by the remains of at least four parallel canal beds, 
situated at a distance of 25 m to 100 m from each 
other. This indicates the long-term activity of the 
whole system. It lasted with reconstructions, 
from the 6th–5th centuries BCE to the 4th 
century CE (in the environs of Koy-Krylgan-kala) 
and up to the 7th–8th centuries CE (near Adamli-
kala). The canal silted quickly and, when the 
filling reached the canal banks, it was more 
economic, in terms of labor costs, to dig a new 
main canal, whose head was built upstream.

The biggest canal (the western) of the 
Kelteminar system had a total width of 50 m, 
including bank ridges. From the upper part of 
this canal, only takyr remains (poisk 142) (Figure 
33.11) were preserved in deep sand. The total 
width of the banks was 52 m with a relative 
height of 2–2.5 m and a 12 m distance between 
banks. The head parts were washed away. One 
kilometer downstream, the canal narrowed to 45 
m wide (poisk 42) and the width between the 
banks was 9 m. Near the ruins of Koy-Krylgan-
kala, the canal was largely destroyed (poisk 113) 

and it was difficult to establish its width but, 
apparently, it did not exceed 45 m. North of Koy-
Krylgan-kala the canal was preserved without 
levees in the form of a flat bank (45 m wide) 
buried by sand dunes (poisk 367) (Figure 33b:6). 
From there, and further northeast, the main 
canal branched into a number of very meander-
ing, narrower distributors, between which were 
the remains of dwellings in the shape of eroded 
hills, and different accumulations of Archaic 
pottery, as well as fields (Tolstov and Vaynberg 
1967:7–10, fig. 3).

The most significant branch of the main 
Archaic canal began in the area between the 
Afrigid ruins of Karga-kala and Adamli-kala, from 
where the canal ran along the other large branch 
of the Akchadarya to Djanbas-kala. Here the canal 
was preserved without levees in the shape of a 
massive flat dike about 40 m wide (poisk 126). The 
majority of branches of the ancient Kelteminar 
system watering the environs of Koy-Krylgan-kala 
were derived from the main canal at right angles, 
when they did not follow the branches of the 
ancient riverbed (see also Lisitsyna 1965:127). 
The rare, very badly preserved small irrigation 
networks, frequently were based directly on the 
main canal and departed at a right angle. As the 
main canal ran along the ancient riverbed, as a 
rule the branches were located only on its opposite 
side. The whole irrigation network covered an 
area of approximately 2,000 ha and, knowing the 
dimensions of the canals, it is possible to calculate 
the labor costs required for its construction and 
exploitation. On the main canal, 15 km long 
(and 25 m2 in the middle cross-section), at least 
350,000 m3 of soil were removed, and 50,000 m3 
from the lateral branches. For these works, not 
less than 5,000 diggers were engaged for 30 days 
(at a rate of 3 m3 per day). After the construction, 
the canal had to be cleaned from the annual 
silt sediment (which amount was not less than 
30–40%) (Smirnov 1933:9). Two thousand people 
were required for canal cleaning every year at the 
same time period. The organization of such work 
was possible only with state power. 
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Dingildje
The Archaic irrigation systems of the ancient oasis 
of Dingildje are similar in size and layout to those 
of Kelteminar (Figure 35). This system also had 
bunched branches in its lower reaches. Most of 
the distributors and irrigation ditches branched  
right. Among ancient fields, the remains of many 
Archaic settlements and particularly the remains 
of many Archaic housesNote 96 were excavated 
by archaeologists under the direction of M. G. 
Vorobeva in 1956 and 1959–1960, and dated 
by them to the mid-5th century BCE (Vorobeva 
1959b:78)

The ancient agricultural oasis of Dingildje 
stretched 5–6 km from south to north and 2–2.5 
km from west to east in a flat, slightly south 
declining desert plain, entering like a sharp wedge 
into the innermost sand of the Kyzylkum desert. 
The channel of the Akchadarya southern delta 
flowed, describing an arc, toward it from southeast. 
It bordered the plain on the north and flowed 
northeast in the direction of Djanbas-kala. The 
southern main canal, up to 40 m wide including 
banks which were not preserved, was traced along 
the former channel on the right bank. It was traced 
also in the environs of Eres-kala. The head parts 
of this canal were placed, possibly, south of the 
sources of the Kelteminar, in the main channel of 
the Akchadarya. Here, the remains of banks and 
an elevated central part of the bed, largely eroded 
and covered with fine fragments of ceramics, were 
preserved only in some places. About 500–600 m  
west of the ruins of the Afrigid castle of Dingildje, 
the canal gradually turned north and it branched. 
Its left branch took the shape of an arc following the 
curve of the former riverbed. North of the Archaic 
Dingildje house, the canal was marked only by 
a series of takyr bands 35 m wide. Four lateral 
distributing canals branched from the main canal, 
they were preserved as weak traces in the shape 
of narrow (1.5 m) depressions covered with small 
Archaic ceramics in the environs of the Archaic 
Dingildje house. Another large branch on the right 
side flowed first eastward then, perhaps following 
a small branching channel, turned sharply south 
along high sand ridges. The remains of a large 

Archaic site, in the form of ceramic accumulations 
with an unclear layout, were preserved on its 
banks among the moving sands. Although the 
takyr surface was largely damaged, it was possible 
to trace the width of the canal in some places. In 
profile it looked like a very flat wall, decreasing 
1–1.2 m in the central part, and up to 40 m in 
width. On the surface it showed traces of later 
small irrigation ditches.

According to the ceramic deposits, six or seven 
rather large settlements existed in the basin of the 
Archaic Dingildje system. Traces of a rectangular 
layout, with lines belonging to the remains of a 
vineyard 50 × 35 m in size, were preserved near 
the Archaic Dingildje house excavated by M. G. 
Vorobeva.Note 97 The vineyard was cut in the center 
by irrigation ditches. The width of a gryad, known 
in modern Khorezm as karyk, had a traditional 
size of approximately 4 m. The vineyard agro-
irrigation layout was connected to the house 
and the irrigation system in a single topographic 
complex.Note 98 

The Archaic fields (diked plots), recorded 
by us north of the main canal and the Archaic 
Dingildje house, were used for different cereals.Note 

99 Many fields had irregular quadrangular layouts; 
one of the fields measured 30 × 17 × 25 × 38 m 
(poisk 155). They were three to four times bigger 
than the Bronze Age fields.

Along with the well-known neighborhoods 
of Dingildje, another area northeast of Dingildje, 
near an Archaic two-roomed dwelling, was 
interesting (poisk 1204). The remains of a small 
irrigation network were preserved around the 
dwelling. The ditches were indicated on the 
takyr surface by depressions 2–3 m wide and the 
accumulations of pottery found in some places of 
the bed. The main distributor had a preserved bed 
5 m wide. There were remains of diked fields on 
both sides. The shape was mainly sub-rectangular 
with the prevailing sizes of 23 × 22 × 21 × 25 m, 
25 × 38 × 17 × 30 m, etc. (see Figure 33.5).

Archaic irrigation systems (individual parts 
of canals and scattered sites) were noted in 
many places of the Southern Akchadarya Delta 
and everywhere they followed the direction 
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of the natural channels, which indicated the 
continuation of the Prehistoric irrigation tradition. 
However, the huge difference in the water supply 
pattern (presence of massive main canals and 
branching distributors) should be emphasized 
and especially the sharp increase in canal sizes. 
It is necessary to note that it is hard to establish 
the real size of canals, as the remains of the banks 
were preserved only in few places. Therefore it 
was impossible to detect also the reduction of their 
cross-sections from the heads to the lower reaches. 
Very little can be said about the character of the 
head works of that period (the latter is much better 
preserved on the left bank of the ‘lands of ancient 
irrigation’). According to the Bazar-kala system, 
it is possible to assume that, through the transfer 
of head structures to large channels, the systems 
lasted longer and functioned better.

The Archaic canals of the right bank of 
Khorezm repeated the configuration of the 
Akchadarya ancient delta and followed the 
direction of the major channels. This general 
pattern was characteristic for many deltaic areas 
of the ancient world (see also Forbes 1955:17; 
Willcocks 1903:20). V. A. Shishkin, for example, 
came to similar conclusions for the Bukhara 
Oasis, where deltaic channels of the Zeravshan 
defined the most appropriate direction of the 
ancient canals (Shishkin 1963:228). Compared 
to the Amirabad canals, the Archaic canals were 
characterized by a huge size (up to several meters 
between banks), but were, apparently, not deep. 
Ya. G. Gulyamov explained this circumstance 
by the fact that the creators of the major canals 
followed the overflow and just adapted “the 
natural thalweg, with the result of obtaining small 
and wide canals. They compensated the width 
with a shallower riverbed depth, otherwise the 
canal could not have taken all the freshet water” 
(Gulyamov 1957:79).

The transition to wide main canals in the 
Archaic period was likely dictated by the ancient 
irrigators’s desire to reduce silting in the irrigation 
systems head parts. Modern specialists in irrigation 
believe that wide and shallow canals become 
silted less fast than narrow and deep canals (see 

Glebov 1938:130; Tsinzerling 1927:399–406; 
Dunin-Barkovskiy 1960:54).

The Archaic irrigation system was very uneco-
nomical in terms of water consumption, not only 
for the canals width, but also because of the 
peculiarities of the lateral branches and distrib-
utors. The branches departed from the main canal 
at right angles, whenever they did not follow 
branches of the ancient riverbeds. The rare 
distribution network supplying water to fields, 
located near the main canal, branched at a right 
angle. This ‘sub-rectangular’ irrigation was typical 
of the Tazabagyab systems of Khorezm and the 
earlier stages of irrigation skill development in 
other areas of the ancient Orient. In particular, 
these systems belong to the Eneolithic oasis of 
Geoksyur described by G. N. Lisitsyna (1965:124). 
She compared the Geoksyur network with the 
Sumerian one, which was depicted on a clay tablet 
from Lagash (Lisitsyna 1965:126). On this tablet, 
the canals and fields had a typical ‘sub-rectangular’ 
configuration. Another striking example, from 
Southern Arabia, is most of the agro-layouts of 
ancient Qataban in the 1st millennium BCE, 
which had, according to plans and aerial photo-
graphy, a ‘sub-rectangular’ configuration (Bowen 
1958:90, 106–111).

The ‘sub-rectangular’ character of the Archaic 
irrigation systems of Khorezm led to an excessive 
water consumption and a quick silting of canals, 
which increased the volume of work needed to 
clean the distributing network.

The lands watered by the Archaic canals 
were considerable and the size of cultivated plots 
between huge deserts was small. There is reason 
to assume that what was sown was no more than 
5–10% of the ‘whole irrigated’ land. The coefficient 
efficiency of these systems was still relatively 
small and the water expenditure very high and 
uneconomical. The construction and maintenance 
(seasonal sediments cleaning, strengthening of 
levees, etc.) of such irrigation systems (artificial 
‘rivers’ and ‘river deltas’) demanded a huge labor 
cost, work input, many times the irrigation cost 
in Prehistoric Khorezm. The whole character 
of irrigation economy and farming production 
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changed. The changes in production were 
accompanied by drastic transformations in the 
entire economic structure of society, such as the 
formation of classes, a strong state power and 
a strong coercive apparatus for the farmers to 
organize, and maintain the large-scale irrigation 
systems.

In the history of Khorezm, the Kangju and 
Kushan periods, from the 4th century BCE to the 
4th century CE,Note 100 characterized the heyday 
of the Khorezmian state (especially in the second 
period). It was represented by the construction 
of large fortifications and towns in the central 
part of the Khorezm Oasis and its outskirts, the 
further development of irrigation techniques, 
handicraft production and the wide diffusion of 
one type of high quality pottery (Tolstov 1948a:32, 
1948b:113ff.; Vorobeva 1959a:84–124).

At the time of Alexander, the Khorezmians 
were no longer subjected to the Achaemenids. 
In the spring of 328 BCE, Alexander received 
the Khorezmian king Farasman, who claimed 
that his kingdom extended west to the Colchis 
(Bartold 1965:544). Since that time, Khorezm, 
and all the Aral Sea area (together with joint 
deltas of the Amudarya and Syrdarya), started 
playing an active cultural and political role in the 
northern part of the Central Asian mesopotamia, 
where the massive union of steppe tribes, the 
Kangju (Kangkha, Kangdiz), was formed.Note 101 By 
the 1st century BCE they controlled the steppes 
from Eastern Turkestan to the Caspian Sea and 
the Black Sea areas (McGovern 1939:241). In 
the 1st–3rd centuries CE, the Kangju lost control 
of Khorezm and Chach and, according to S. P. 
Tolstov and Ya. G. Gulyamov, became part of 
the Kushan state (see Tolstov 1948a:180–181; 
1948b:151; Gulyamov 1968:9). M. E. Masson 
disputed S.P. Tolstov’s conclusion, drawn from 
numismatic data, and believed that Khorezm 
and Kangju did not enter in the Kushan Empire 
(Masson 1968). Until now, the borders and the 
absolute chronology of the rulers of this state, and 
thus the whole system of archaeological dating 
based on numismatic material, are debatable. 
Some authors have assumed 78 CE as the start 

date of the reign of Kanishka I (Fergusson 1870; 
Oldenberg 1881; Tolstov 1963; see Tolstov 1961), 
for others 144 CE, and even 278 CE (Bhandarkar 
1902a–b; Zeymal 1965:4–6; 1968:132–133).

The Kushan period brought within the 
countries of Central Asia a rapid rise in economic 
life, the revival of trade from south to north (India–
Aral Sea area) and from east to west (‘the Great 
Silk Road’) and the emergence of the Buddhist 
world religion.

In Khorezm new cities and villages appeared 
with a high level of handicrafts production, irri-
gation systems were created over a broad expanse 
and large tracts of land were cultivated anew. 
The majority of irrigation systems created in the 
Kangju period continued to function (often in an 
extended form) in the Kushan period, thus their 
mapping created many difficulties.

In many parts of the Akchadarya south 
delta the archaeological-topographic research 
revealed Kangju and Kushan settlements and 
their associated irrigation ditches, which fre-
quently coincided or simply overlapped. This 
indicates a great stability of the main contours 
of the irrigation systems and the main canals 
continuous functioning throughout the entire 
period. The creation of long-term irrigation 
systems require high skills and knowledge of 
hydraulic engineering.

Since then, the Khorezmian began to form 
specialist schools in irrigation and scientist-
priests, which probably lasted until the time of 
the campaign of Qutayba in Khorezm. These 
schools combined the knowledge of mathematics, 
hydraulic engineering, cartography, astronomy 
and calendar observations, that are important for a 
large-scale irrigation economy (Tolstov 1957b:X).

In the Kangju and, especially, in the Kushan 
periods they created massive main canals with 
large water intake devices along the banks of 
large channels and main riverbeds, as well as a 
whole series of fortress-cities were built both in 
the upper and end parts of systems. Koy-Krylgan-
kala and Bazar-kala were built in the basin of 
Kelteminar; Djanbas-kala in the Djanbas-kala 
branch of the system; Guldursun, Big Kyrk-Kyz-
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kala and Kurgashin-kala on the Kyrk-Kyz canal; 
Ayaz-kala I and III in the lower reaches of the 
Yakke-Parsan canal; Kyzyl-kala and Toprak-kala 
in the system of the ancient Gavkhore (Gulyamov 
1957:99; Tolstov 1962a:91).Editor 45

Ancient Kelteminar
During the Kangju period, a basic recon struction 
of the whole irrigation system took place in 
Kelteminar.Note 102 A new canal, with a total width of 
40 m and 6–8 m between banks, was constructed 
parallel to an abandoned Archaic canal. South of 
the Afrigid ruins of Adamli-kala, the canal turned 
north in the direction of Bazar-kala (see also 
Gulyamov 1957:77). In contrast to the Archaic 
canals, the main Kangju canal was built along 
the middle line of the takyr clay loam crusts with 
distributors branching, as a rule at right angles, 
from its right and left sides (see Figure 34.C). To 
the side of Koy-Krylgan-kala, built up between 
the 5th and the 4th centuries BCE (see Tolstov 
1939:181; 1948a:99–100; 1948b:112, 119–120; 
1953b:317–318; 1954:255–258; 1958:168–192; 
1962a:117–135; Tolstov and Vaynberg 1967)Editor 

46 only narrow branches and small canals 1–1.5 m 
wide supplied the fields adjacent the settlement 
(see Tolstov and Vaynberg 1967:10, fig. 3).

The main bed directed toward Bazar-kala 
was, however, smaller in size than the Archaic 
systems of this region.Note 103 It was 30–35 m wide 
in the environs of Angka-kala and 6–8 m wide 
between banks, which were 10 m wide and 4 m 
high. As it approached Bazar-kala, the total width 
of the canal bed increased from 30–35 m to 39 
m (poisk 282), and to 40 m and 43 m (poisk 282). 
When a cross section was cut in the lower part 
of the canal, a later (Kushan) bed, 10 m wide, 
could clearly be distinguished.

In the Kushan period, the sources of the 
Kelteminar moved further south, to the main 
riverbed of the Amudarya according to S. P. 
Tolstov. The upper parts of the Kushan bed of 
the Kelteminar were traced by us near Eres-kala, 
where the canal was overall 28–32 m wide, the 
banks were 12–14 m wide and 3–5 m between 
banks. This canal was connected with the Bazar-

kala canal through a depression (the former 
riverbed of the Akchadarya).

We investigated the Kelteminar system with 
four trenches (Trenches 45, 46, 47 and 48) in 
the Kushan fields and canals surrounding Angka-
kala (1.5 km south), near the ruins of a Kushan 
dwelling of the late 3rd century CE. It showed that 
the beginning of farming in this area belonged to 
the Archaic period and the thickness of the agro-
irrigation sediments exceeded 125 cm in height. 
The size of the small, diked field was 13 × 19 m. 
There were some sand accumulations and many 
surface fragments of Kushan pottery scattered on 
the takyr. The layers were: 1) takyr thin crust clay 
loam, compact, fine porous, of 7 cm; 2) gray clay 
loam, compact, with lumps and slightly sandy, 
of 10 cm; 3) brown-gray clay loamy, heavy, with 
lumps, remixed with cracks and small sand 
particles, the visible thickness was up to 75 cm. 
Fragments of less distinctive ceramics were found 
at a depth of 60–70 cm.

A trench (Trench 48) was dug in the irrigation 
ditch which provided water to the field (Figure 
36). On the surface, the ditch was quite clearly 
marked by banks 10–20 cm high, 1.2 m wide 
and 1.5 m in-between them. The canal had a 
bed depression covered with sand. The trench 
was 4.3 m long and 1.5 m deep. The layer were: 
1) gray takyr thin crust (preserved at the canal’s 
edge), loose, up to 7 cm; 2a) yellow-gray clay 
loam, compact with traces of remixing, with small 
particles of sandy clay loam, up to 70 cm, at a 
depth of 37, 48, 54, 57, and 69 cm, fragments of 
Archaic pottery were found (mainly rim fragments 
with typical Archaic rolled decorations); 2b) gray 
clay loam, compact, heterogeneous, forming 
ridges, of 20 cm; 3) light, gray-yellow clay loam, 
compact, more homogeneous with sand particles; 
the transition toward the lower layer was very 
gradual, up to 125 cm; 4) gray clay loam, with 
lumps and highly cracked, ditch lens-shaped, of 
20 cm; 5) light brown sandy loam, micaceous, 
partially turning into fine grained sand; traces of 
agro-irrigation activity were missing.

Archaic pottery was found in the trench at a 
depth of 50–70 cm and this suggested that the 
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overlying strata were formed later, in the Kangju-
Kushan period. The nearby canal was about 2 m 
between banks, which were 1.2–1.3 m wide and 
preserved 15–20 cm in height. The trench (Trench 
47) was 5 m long and 1.8 m deep. The layers were: 
1) light gray takyr thin crust, porous, of 5 cm; 2a) 
gray clay loam, compact heterogeneous, with 
lumps, cracked and split by holes, of 45–50 cm; 
2b) white-gray clay loam, compact, with high 
cracks mostly vertical; 3) gray clay loam, heavy, 
with lumps, heterogeneous, with vertical cracks 
and particles of clay loam, lens-shaped; at a depth 
of 72, 95 and 97 cm fragments of Kangju ceramics 
were found, the thickness of the layers was up to 
100 cm; 4) yellow-gray clay loam, compact, heavy, 
at a depth of 110–130 cm with abundance of loam 
particles; at a depth of 1 m there were fragments 
of less distinctive ceramics; 5) brown-gray sandy 
loam, weakly compacted, micaceous; from 1.4 to 
1.8 m. The general character of borders between 
layers was very unclear, which can probably be 
attributed to the infiltration of ditch water.

In the system of the Kelteminar, the right 
Djanbas-kala branch, built, as seen above, already 
in the Archaic period, still functioned in the 
Kangju and Kushan periods. The preserved parts 
of this main canal provided the following sizes: 
not far from the ruins of Angka-kala the bank was 
35 m wide, including banks, and in some areas, 
the remains of hills, 3–4 m high, were preserved. 
In the center there were visible remains of a later 
canal bed 10 m wide. In the environs of Djanbas-
kala the overall size of the preserved banks 
increased up to 42 m. Traces of several canal 
reconstructions were visible (see Figure 7). In the 
area of the Djanbas-kala canal and for a distance 
of 25 km, the survey revealed a series of second-
ary branches of the main canal, small ditches, 
fields, vineyards, and numerous ruins of single 
buildings and more complex living compounds 
with well-preserved layout and remains of 
basement walls. A large number of scattered 
pottery enabled us to date most of the ruins to the 
Kangju and Kushan periods.Note 104 The best 
preserved farmsteads were those of the first 
centuries CE (poisk 610, 611, etc.). One of these 

farmsteads was studied by E. E. Nerazik, who in 
l964 excavated a five-room dwelling (Nerazik 
1966:11,120:note104).

Of considerable interest for the history of 
irrigation in the environs of Djanbas-kala are 
the remains of head hydraulic structures on the 
riverbed of the Akchadarya (poisk 603–608). 
Considering the fact that the canal derived here 
from the riverbed, it flowed under the main canal 
of Djanbas-kala (poisk 622), and it was perhaps 
more ancient. The head works consisted of two 
rows of dams (5 m wide), whose remains were 
preserved in some places. The canal was cut 
through them and its bed preserved as a takyr strip 
6 m wide. The construction of the canal was likely 
to have been connected not to the functioning 
of the Akchadarya riverbed but rather to the 
water supply from the Suyargan. Breakthrough 
floods occurred in Antiquity and the Middle 
Ages, particularly in the 9th–10th centuries, 
when they used to irrigate melons and vineyards 
(poisk 323, 324) located at the foot of the ruins 
of Djanbas-kala (see more details in Tolstov and 
Kes 1960:138).

According to S. P. Tolstov, in the rustak of 
Djanbas-kala, along the 25 km long main canal, 
no more than 4,000–5,000 people could live 
there,Note 105 including the inhabitants of the city 
(Tolstov 1958:115). Of course, it is very difficult 
to evaluate the number of people and dwellings 
existing at the same time. The detailed archae-
ological research of the Kangju and Kushan rural 
settlements will help in the future to refine the 
data of S. P. Tolstov. Based on the available 
archaeological-topographic materials, it is pos-
sible that this figure is overestimated, but, even if 
we use it as a base for the evaluation of the labor 
necessary to clean the canal, it appears that the 
number of adult males (from ¼ to ¹/5 of the total 
population) was not able to fulfill these tasks by 
themselves.Note 106

During the Kangju and, especially, the Kushan 
periods, the further development of agricultural 
techniques (see more details in Tolstov 1948a:55–
56) was connected with the appearance of large 
fields and increasing crop varieties. Besides the 
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finds from archaeological excavations,Note 107 it 
was also supported by the different agro-irrigation 
layouts of vineyards and melons identified in the 
ancient Kelteminar area. The layout of a farm in 
the lower part of the canal north of Djanbas-kala 
can be considered to be the earliest one (poisk 
631). In the ruins of a farm we found remains of 
walls, traces of room layouts covered with typical 
ceramics of the Kangju period, similar to pottery 
of the lower layers of Koy-Krylgan-kala. The 
field layout (53 × 45 m) had very weak traces of 
narrow strips and was bordered by a fence 1 m 
high (Figure 37). Such field layout may have been 
reflected in one section of the Avesta, Videvdat 
(much of the texts of which belongs to the Parthian 
period). They said that the farmer must take the 
water flow (with a width and depth equal to a 
‘dog’!?) to a piece of land which has to be “so great 
that it could be watered through this flow from 
both sides” (Müller 1879:170).Editor 47

A very interesting agro-irrigation layout of 
vineyards and melons were uncovered in some 
farms west of Djanbas-kala (poisk 610, 611). They 
were marked by the alternation of narrow (1.2–1.8 
m) and wide (3.3–4.4 m) lines of different soil color 
and, in some places, by their microrelief (see Figure 
7). On the side of a vineyard there were traces of a 
narrow rectangular room with nine huge Kushan 
khum in a row, dug into the ground. In the ruins 
of the building there was an abundance of Kushan 
ceramics of the 1st centuries CE, as well as Kangju 
ceramics indicating a long settlement life. During 
our archaeological-topographic work, in one of the 
rooms we found a clay figure of a man with grapes 
in his hand (the ancient Dionysus, God of the 
grape harvest), which, along with other evidence, 
suggested that in such ‘striped’ fields grapes were 
cultivated in the past (see Tolstov 1962a:126, figs. 
66–66a). This was also confirmed by ethnographic 
parallels (see below). A whole series of such agro-
irrigation layouts was studied in the environs of 
Koy-Krylgan-kala.

The agro-irrigation layout south of Koy-
Krylgan-kala (poisk 67) had a size of 107 × 85 m 
(see Figure 34) and it was divided by 5 m lines into 
two rectangles, which in turn were divided into 

irrigated plots-gryad 3–4 m wide. Another layout 
with a rhomboid configuration (poisk 70), with side 
dimensions of 90 × 120 m, was close to it. Over 
the long side it was adjacent to the canal, and its 
gryad was 3–4 m wide. Near the Afrigid castle of 
Karga-kala, the layout had an overall size of 60 
× 72 m. It was divided by strips of 4 m into two 
equal parts, each of them including 9–11 gryad. 
The size of these gryad were similar to the ones 
described above (3.7 m) and the distance between 
them was 1.2 m (Figure 38).

Vineyards similar in size were recorded north 
of Koy-Krylgan-kala. Large layouts, with sides 
100 × 120 m in size, adjoined the site from the 
southwest and touched the outer ring with its 
own corner (see Tolstov and Vaynberg 1967:9:fig. 
3). In the lower layers of Koy-Krylgan-kala 
(4th–3rd centuries BCE), many grape seeds and 
a representation of grape gatherers were found 
(see Tolstov and Vaynberg 1967:206). According 
to Prof. A. M. Negrul, the grape seeds belonged to 
different species, for wine making and, the large 
berries, for the table. 

The traditional sizes of a gryad, 3.2–3.6 m for 
vineyards and narrower (up to 2.2 m) for melons, 
are preserved, as mentioned above, to this day. In 
the Turtkul region a gardener, Sultan Ismagilov 
(80 years old), said that gourd production needs 
a low place, while for vineyards and orchards a 
higher one. In spring the vineyard was entirely 
filled with water three times and then salma (50 
cm wide and 40 cm deep) were made.Note 108 
After watering in July, they were leveled again in 
August. The dimensions of the gryad (karyk), with 
bushes planted along the edges, were 3–3.2 m. 
Their partition was made by a rope. The gourd 
karyk was 2.3 m wide. It is necessarily shorter 
than that of a vineyard, because watering is faster 
and, after irrigation, the water does not touch the 
melon roots. The plants are irrigated with a full 
supply of water like cereals, so they do not have 
salma and gryad, defining the quadrangular diked 
areas. This simple layout for irrigated plots was 
widespread in the ‘lands of ancient irrigation’. In 
the basin of the ancient Kelteminar fields have 
been found in the shape of quadrangular diked 
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plots surrounded by ridges 20–30 m long and 
15–25 m wide, and sometimes more (see Figure 
34). These fields were apparently used to cultivate 
cereals, because their sizes differed little from the 
modern Khorezmian kulcha of 500–700 m2 (see 
Saushkin 1949:290) Editor 48.

In the Kangju and, especially, in the Kushan 
periods there were major renovations not only of 
the Kelteminar but also of the Archaic system of 
the Dingildje ‘oasis’ irrigation.Note 109 At that time, 
the heads of the main canal of Dingildje were 
moved far upstream of the Akchadarya channel. 
The massive lateral branch of the Archaic canal 
was turned into the main canal (see Figure 35). 
Narrow distributors branched from it in different 
directions, covering almost the entire oasis area. If 
in the Archaic period the irrigated territory did not 
exceed 60–100 ha, in the Kangju and, especially, 
in the Kushan periods it increased to 200–250 ha.

Well preserved traces of quadrangular agro-
irrigation layouts were found southeast of the ruins 
of the early Afrigid castle of Dingildje. Nowadays, 
in many places, there are traces of ancient 
melons and vineyards. In the Kushan period, in 
the same ‘oasis’, a narrower canal was detached 
from the old main canal toward the central site, 
stretching like a sharp arc, previously already 
included by an Archaic canal (poisk 1559–1565). 
This canal, 5 m in size between banks, supplied 
water to the central part, now preserved in the 
shape of mounds 2 m high, and from there the 
water flowed east to a large Kushan farmstead 
(see Figure 35.B). Based on the variety of field 
layouts, gardens and vineyards, the farming here, 
in the Kushan period, acquired a more intensive 
character; vineyards and orchards occupied a 
large area.

Ancient Kyrk-Kyz
A recently developed territory of irrigation 
along the ancient Kyrk-Kyz canal, from which 
the modern main canal was made, is located 
parallel to the Kelteminar system behind the 
heavy sand of the Akchadarya dispersed riverbed 
(see Jdanko 1958:705–730). Already in 1913, 
D. D. Bukinich and V. V. Tsinzerling traced this 

canal “from the fortress of Guldursun, passing 
by the fortresses of Berkut, Uy, Big Kyrk-Kyz 
and Kempyr for a distance of more than 40 verst 
till the point placed along the axe of the canal, 
at a distance of 70–80 verst from the Amudarya” 
(EOZU 1914:324). In 1937–1940, when the 
Khorezm Expedition started the exploration of 
this territory (see Terenojkin 1940a–b; Tolstov 
1948a:28–29, 128–153, fig. 95; Nerazik 1959b, 
1963, 1966), the cultivated irrigated lands 
ended near the ruins of Guldursun. Further 
north lay the desert: barchans sands and takyr 
covered with pottery fragments, on the clay 
surface. There were large fortified settlements 
(Guldursun, Kum-Baskan-kala, Berkut-kala, 
Uy-kala, Big Kyrk-Kyz-kala), and the preserved 
remains of 140 large and small agricultural 
farms belonging mainly to the 7th–8th centuries, 
many of which were remains of more ancient 
dwellings. Now the Kyrk-Kyz canal runs between 
Guldursun and Uy-kala, in a contemporary 
very narrow cultivated zone, and its banks are 
sometimes largely damaged. Several parts along 
the canal were paved for a road.

In the environs of Big Guldursun, a massive 
Kushan fortress reconstructed in the Khorezmshah 
period, and the bed of the canal were preserved 
in the shape of several bank remains 4.5–5 m 
high above cotton fields (see the schematic map 
in Nerazik 1966:fig. 1). The overall width of the 
canal exceeded 40 m and 7.5 m between banks. 
In the north, separate canal parts were preserved 
in the shape of very flat clay banks 30–50 m wide 
and 1–1.5 m high, and partially in the shape of 
two banks. The remains of a Kushan ceramic 
production, studied by M. G. Vorobeva in 1956, 
were found in the environs of Uy-kala near the 
main canal on the bank of a pond (Vorobeva 
1961:150–151). The northern canal sharply 
turned east toward Atsyz-kala and, along the left 
bank of the Akchadarya riverbed, it approached, 
with a smooth arc, the ruins of the Kushan site of 
Big Kyrk-Kyz, which existed till the 6th century 
CE. Here the canal branched in the direction of 
the Kangju fortress of the Small Kyrk-Kyz and 
then, south of the Big Kyrk-Kyz fortress, sharply 
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changed direction from north to east toward 
Kurgashin-kala, whose upper layers were also 
dated to the Kushan period. Here are the well-
preserved huge levees, 6–7 m high and more than 
20 m wide between banks.

As shown by the topographic survey and 
profiles (17 transverse profiles were made every 
2 km), the flat bank of the Kyrk-Kyz canal had a 
complicated structure (Figure 39). It was possible 
to trace two beds of a canal almost along its entire 
length from Kum-Baskan-kala to Big Kyrk-Kyz 
(Figure 39.7–12). A bigger one was completely 
blocked or broken up by the other, narrower, 
Afrigid bed, which was 30–50 m from it, had an 
average size of 40–50 m, 10–11 m between banks 
and in some places more than 20 m. According 
to the numerous archaeological finds on the 
banks, accumulations of ceramics and remains 
of settlements on the preserved lateral branches, 
this canal was dated to the Kangju and Kushan 
periods.Note 110

The remains of ancient irrigation systems, 
dated by Kushan and Kangju ceramics, were 
preserved along the margins of Afrigid fields, in 
areas not affected by modern irrigation: north 
of Kum-Baskan-kala (an Afrigid settlement with 
a Kushan layer); west of the Afrigid castle of 
Teshik-kala; and in the environs of the Afrigid 
castles located on ruins of such Kushan fortresses 
as Berkut-kala, Uy-kala, Atsyz-kala, and also near 
Big Kyrk-Kyz, which existed for a long time and 
ended in the 6th century (Tolstov 1948a:128–153; 
Nerazik 1966:11).

The most ancient parts of the oasis were 
preserved best of all east of Uy-kala, where the 
main canal turned slightly northeast 3 km from 
the castle. The overall width of the Kangju-Kushan 
bed was 50 m and 10–11 m between banks. The 
banks were largely destroyed, but the bed was 
made quite visible by two earthen banks. The 
canals and ditches branching right ran towards the 
ancient sites. Over a dozen clusters of Kangju and 
Kushan ceramics were recorded on the narrow 
takyr strip between the canal and the Akchadarya 
riverbed. The largest of them was located in the 
lower reaches of the lateral canal. It was well 

marked in relief and it was 15–19 m wide and 7–8 
m between banks. The site covered an area of 50 × 
100 m (poisk 975). The fragments of many Kangju 
khum, small cup-shaped vessels and other pottery, 
as well as a millstone, were scattered throughout 
the area (see also Nerazik 1966:9).

In the neighborhood of the Big Kyrk-Kyz, the 
main canal preserved traces of several recon-
structions, apparently connected to the main phases 
of its history. The most right branches, located 
on the bank of a huge bend of the Akchadarya 
riverbed, were dated by Kangju potteries. The 
overall width of one of these branches was more 
than 40 m at poisk 833. Although the canal banks 
were eroded and dispersed, they rose 2.5 m above 
the takyr. The upper part of the largest left branch 
was almost entirely destroyed during a later period 
(lines and low banks were preserved on the takyr). 
It appeared again in the shape of a flat bank 30 
m wide with a latitudinal direction, 1 km west of 
Big Kyrk-Kyz. This canal irrigated the environs 
of the Little Kyrk-Kyz in the Kangju period (see 
also Gulyamov 1957:99, 101) and was affiliated 
with Kangju pottery along its whole length. Near 
the Little Kyrk-Kyz, the Kangju fortress, built on 
a plateau, the canal was 9 m wide between banks 
and the banks were preserved 3 m in height 
(poisk 854). 

In the environs of the Big Kyrk-Kyz, just north 
of the fortress, our team explored a large layout 
of vineyards, with irregular rhomboid shapes and 
sides of 330 × 520 × 400 × 550 m, over a total 
area of 20 ha (see Figure 4). The territory was 
divided into gryad, as highlighted by the soil color. 
The darker strips were a little higher and had a 
width of 2.3, 2.8, 2.6, 2.3, 2.7 m, etc. In contrast, 
the darker lines were higher and wider (3.0, 3.3, 
3.6 m, etc.). The borders between strips were very 
unclear. The entire field territory was divided into 
strips with a north–south direction, except for the 
southwestern part.

East of the ruins of the Big Kyrk-Kyz, the 
canal branched into two beds, along which we 
recorded Kangju and Kushan settlements.Note 111 
A more ancient northern bed was preserved in 
the shape of a flat dike 23 m wide with slightly 
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raised banks 0.5–1.0 m above the takyr. On one 
section of the southern branch we recorded traces 
of canal reconstruction. On the left bank, a later 
narrow canal (3.5 m wide), traced the ruins of 
Kurgashin-kala, could be dated by S. P. Tolstov 
to the Kushan period (see Tolstov 1948a:111). At 
the foot of Kurgashin-kala, which was built on a 
plateau representing the output of local Tertiary 
rock, the remains of a large park ensemble were 
preserved, with gardens and vineyards, as well as 
a square area (90 × 80 m), covered with pottery 
sherds, which probably served as a market square. 
The park ensemble was characterized by gryad 
(karyk), typical of ancient vineyards, with 3–4 m 
dimensions between irrigation ditches, whose 
width varied from 1.3 to 1.6 m. 

The preserved part of the Kyrk-Kyz canal, from 
the ruins of Guldursun to Kurgashin-kala, had a 
total length of 60 km. It may be assumed that, 
in ancient times, its length from the head in the 
Amudarya to the lower reaches, was approxi mately 
90 km. Considering a cross-section dimension of 
25 m2 as the most typical of the Kangju period, it 
is easy to calculate that the total amount of soil dug 
was more than 2.2 million m3. It means 15,000 
workers for two months and 6,000–7,000 people 
in order to maintain the system.

What might have been the population of this 
place? The answer to this question is difficult 
because the archaeological data are scarce and 
require special research on rural settlements. 
However, by analogy with the later Afrigid oasis 
of Berkut-kala (where, according to E. E. Nerazik, 
no more than 4,000–5,000 people lived there), 
we can conclude that here the ancient population 
density was no higher and, consequently, the 
inhabitants no more than in the 7th–8th centuries, 
when the local forces were not sufficient to clean 
the main canal (see p. 173). It is true that the 
Antique Kyrk-Kyz canal cross section was twice 
that of the Afrigid bed and thus demanded a much 
larger volume of earthwork (for example, the 
annual cleaning of the main canal in the Kangju 
period alone required the labor of 6,000–7,000 
diggers). With the likely average size reduction 
of the main canal in the Kushan period, the total 

annual labor costs for cleaning decreased at least 
by twice the amount. To carry out this work, 
3,000–4,000 diggers would have been needed. 
Consequently, not less than 12,000–16,000 
people could live in the oasis at that time, which 
is unlikely.

Yakke-Parsan canal
The large Kyrk-Kyz canal in the environs of 
Guldursun branched only in a north–south 
direction towards the ruins of Ayaz-kala. The 
large Guldursun and Ayaz-kala fortifications 
were built probably in the Kushan period, at 
the branching or at the end of the canal (Tolstov 
1948a:103, 170; Gulyamov 1957:99–101). The 
latter consisted of a massive rectangular fortress 
at the edge of an elevation (Ayaz 1), a round 
castle on a cone-shaped rock (Ayaz 2), and a vast 
fortified farm placed among vineyards (Ayaz 3) 
(see Tolstov 1948a:102–108; 1962a:205: fig. 
118). The Yakke-Parsan canal was traced over its 
whole length from the ruins in the area of the Early 
Medieval city of Narindjan to Yakke-Parsan and 
Ayaz-kala, during the aerial survey of 1946–1948 
(see Tolstov, 1948b:41–45 and attached map). 
The field survey provided remains of Archaic and 
more recent Kangju, Kushan, Kushan-Afrigid and 
Afrigid settlements.Note 112

The main bed was apparently already dug 
in the Kangju period. The preserved bank of a 
destroyed bed was between 28 to 50 m wide 
(Figure 39.13–25). The prevailing overall width of 
25–32 m and 9–10 m between banks refers to the 
later Kushan-Afrigid and Afrigid periods. In places 
where the total width was more than 40 m, parts 
of the more ancient Kangju-Kushan canals were 
clearly preserved as indicated by pottery finds.

North of the ruins of the large Afrigid castle of 
Kum-kala, near Yakke-Parsan, the total width of 
the main canal was more than 40 m and largely 
destroyed canals branched at right angles from 
it. Many of them were recorded in the Kangju 
and Kushan settlements plowed in the Afrigid 
period. Single clusters of pottery covered an area 
of 100 × 200 m and 200 × 200 m (poisk 752, 754, 
etc.). A lot of surface material collected belonged 
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to the Archaic and Kushan-Afrigid periods. At 
poisk 1063, the main Yakke-Parsan canal was 
approximately 50 m wide and 9 m in the central 
part between banks. The bank remains rose 3–3.5 
m above the takyr. At Ayaz-kala, this canal had a 
total width of 28 m and 6 m between banks. The 
bottom was 1.6–2 m above the surrounding takyr. 
Another canal, supplying water to Ayaz-kala, was 
somewhat smaller, with an overall width of about 
25 m and 6.5 m between banks at poisk 1066. This 
canal branched near Kavat-kala from the ancient 
Gavkhore system (see also Gulyamov 1957:110). 
Its total width was 30 m and 6 m between banks, 
which were almost completely destroyed.

Ancient Gavkhore
As noted above, the system of the Gavkhore laid on 
the right bank of the western massive riverbed of the 
Akchadarya. It consisted of a series of main canals 
of different periods, sometimes flowing parallel, 
sometimes crossing each other and forming com-
plex bundles. The remains of cultivated fields and 
highly damaged ancient dwellings were found 
in several places.Note 113 Unlike in the the Later 
Medieval complex, branched layouts of the 12th–
early 13th centuries, the Gavkhore ancient system 
configuration differed in its ‘sub-rectangular’ and 
angular shapes, perhaps dating back to the Archaic 
period. The majority of branches were directed to 
one side (Figure 40).

In the vicinity of the ruins of Duman-kala 
(whose upper layers dated to the Kushan-Afrigid 
period), we found the Archaic main canal, 
functioning in the Kangju-Kushan period and 
later. Three km east, the remains of its bed, in 
the form of a bank, was gradually resized and its 
overall width reduced from 70 to 50 m and even 
40 m. Less than 5 km before the ruins of Djildyk, 
this Kangju-Kushan system was interrupted, 
replaced by the Medieval system of Gavkhore.

In the environs of Djildyk and Kavat-kala, 
within the limits of the densely crossed small 
ditch network of the Medieval oasis of the 11th–
beginning of the 13th centuries, the remains 
of the Kangju-Kushan Gavkhore canal were 
detected only in a few places (see Figure 40). 

East of Djildyk, the ancient bed in the shape of a 
very flat and low bank was traced for 1 km (poisk 
1132). The remains of massive banks 4.5 m high 
were preserved at its end. The overall width of the 
bed here was more than 60 m and 20 m between 
banks, both of which were 20 m thick. On the hills 
and around there were rare fragments of Kushan 
and Afrigid ceramics. North of the Khorezmshah 
Castle IV the canal was entirely destroyed and 
plowed under. 

Northwest of the Khorezmshah forti fied farms 
of Kavat-kala, the remains of an Antique canal, 
directed toward Toprak-kala, were preserved in 
the form of huge hills 5–6 m high and 10–11 m 
wide between banks (poisk 1017, 1145). The left 
branch of the ancient Gavkhore canal, not far from 
this place, was approximately 40 m wide and 11 m 
between banks (poisk 1166). About 2.5 km south 
of Toprak-kala (poisk 1378) the ancient Gavkhore 
bed was traced between sand hills in the shape of 
a flat bank 30 m long. Two kilometers southwest of 
Toprak-kala the bed of the main canal had a total 
width of more than 35 m. Weak traces of a narrow 
(5–6 m) canal were noted in its central part.

The general tenor of life in the environs of 
the capital of Khorezm, Toprak-kala, between 
the 3–4th centuries (Tolstov 1946b:84–85; 
1946c:69–72; 1948a:119–124; 1948b:164–190; 
1952a:31–44; 1958:195–216; 1962a:204–226) 
was revealed through ceramics findsNote 114 
and coins (studied by B. I. Vaynberg).Note 115 
The massive discovery of many Kushan coins 
of  Vazamar type dated to the late 3rd century 
(poisk 1414, 1478, etc.), as well as later coins of 
the 4th–5th and 7th–8th centuries, testify to the 
vibrant city and the region trading life which 
lasted, without interruption, through the Kushan, 
Kushan-Afrigid and Afrigid periods.

Northwest of Toprak-kala, the main Gavkhore 
canal flowed close to Kzyl-kala, which was built 
in the Kushan period and reconstructed twice 
in the 6th–8th and 12th–13th centuries (Tolstov 
1948a:123; 1948b:168). The canal had a total 
width of 34 m and 8 m between banks. Northwest 
of Kzyl-kala the terminal parts of the ancient 
Gavkhore were traced near the Sultanuizdag 
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upland. Here the canal was preserved in the shape 
of a flat bank, covered by sandstone gravel, 32 m 
wide and 8 m between banks.

The ancient Gavkhore branched north–south 
towards the Kangju fortress of Burly-kala and 
northeast toward Ayaz-kala. The Burly-kala canal 
was largely eroded and mainly Kushan-Afrigid 
sites were located along it.Note 116 The canal was 
distinguished only by the ground color. An 
embankment 45 m wide was preserved, north of 
the ruins of Kosh-Parsan, and it branched right 
5 km from this site. Further along the canal was 
well marked on the ground by a flat bank 45 m 
long and 1.5 m high above the takyr. In the 
central part we measured a 2 m narrow canal in 
the form of a puffy dark line covered with small 
fragments of pottery. This ditch should apparently 
be attributed to the last (Afrigid) stage of the 
Burly-kala main canal.

In these areas there are numerous interesting 
remains of large Kushan-Afrigid pottery which 
were preserved in small hills of destroyed kilns 
from 10 to 50 m long and 1.5–2 m high (poisk 
1118, 1120). The northeastern branch of the 
ancient Gavkhore was marked north of Kavat-kala 
as a flat bank more than 30 m wide. The banks 
were almost entirely destroyed. The central part 
was preserved as a slightly lowered line 6 m wide. 
On poisk 1066, its overall width was 25 m and 6.5 
m between banks. The banks were preserved to 
a height of 50–60 cm. This canal, like the Yakke-
Parsan, irrigated the environs of the fortified 
enclosure of Ayaz-kala 3, around which small 
unfortified houses of the 1st–3rd centuries were 
located (Tolstov 1940a:74–75; 1948a:108).

The massive fortress of Ayaz-kala 1 was located 
on the picturesque spur of the Sultanuizdag, 
above a Kushan farm and the Kushan-Afrigid 
castle on the Ayaz-kala 2 rock. At the foot of the 
ruins, the canal ended in a vast agro-irrigation 
layout, already familiar to us, with vineyards and 
gourd plantations. (Tolstov 1962a:205:fig. 118). 
The dimensions of this layout was up to 700 m 
in length and 300 m in width. Layouts smaller 
in size were also discovered in other places, in 
particular the garden-park layouts and vineyards 

east of the Kushan farm were 100 × 100 m and 
200 × 200 m in size. They were irrigated by the 
Yakke-Parsan canal water.

Tash-Kyrman Canal
During the survey of 1956 west of the Kavat-kala 
takyr, in an area inaccessible to motor vehicles, 
plots of ‘lands of ancient irrigation’ with Archaic, 
Kangju and Kushan settlements were discovered. 
Remains of massive ancient irrigation networks 
were preserved on the takyr and they extended in 
a north–south direction. The main canal had an 
overall width of 30 m and 17 m between banks 
(poisk 1107). Kangju and Kushan ceramics were 
found in the canal and around it.Note 117 In the 
central part of the territory rise the ruins of Tash-
Kyrman where Archaic and early Kangju ceramics 
prevail. At the end of the Kushan period this canal 
had ceased to function. West of Tash-Kyrman, 
at the edge of the modern oasis, a vast, strongly 
fortified settlement, now buried under sand, was 
found. According to the layout, the defensive 
structure and huge size resembles Bazar-kala. 
This settlement, Kazakly-Yatkan, was dated by 
S.P. Tolstov to the Kushan-Afrigid period, although 
Kushan remains were also found.

* * *

Summarizing the surveys of ancient irrigation 
works of the Khorezm right bank, it should be 
noted, first of all, that the technical level of ancient 
irrigation sharply differed from the previous pre-
historic one (construction of local and large main 
canals with various distributors, head units, etc.) 
and in the irrigated areas scale.

In the Archaic period the main canals origin-
ated from the lateral channels of the Akchadarya 
and followed the natural riverbed directions. 
Some systems (Kelteminar, Dingildje, etc.) had an 
extremely characteristic cluster-shaped branch-
ing of distributors and feeders, representing 
something similar to artificial deltas. The small 
irrigation network topographic patterns showed 
differences in their ‘sub-rectangular’ shapes. 
The irrigation systems did not exceed the length 
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of 10–15 km and the main canals were mostly 
very wide, up to 20–40 m, between banks. In 
the second half of the 1st millennium BCE the 
main directions of the Amudarya deltaic channels 
were enclosed by protective dikes and floods 
were controlled by people. The beginning of dam 
construction coincided with the formation of the 
ancient Khorezmian state (see Tolstov 1948a) 
(see also p. 153). Such a process, as noted above 
(p. 112), occurred in ancient Mesopotamia at the 
end of the 4th millennium BCE and in China in 
the 1st millennium BCE.

The Archaic canals were recorded through-
out almost the entire territory of the ‘lands of 
ancient irriga tion’ on the right bank of Khorezm. 
According to approximate calculations (based on 
cartometric measurements and large-scale 
maps), from 120 to 150 km of main canals were 
constructed in the Archaic period. In the next 
Kangju period a radical reconstruction of almost 
the entire system of the right bank of Khorezm 
took place. The total length of the main canals 
increased at least two or three times for an 
overall length of 250–300 km. The head works 
of many systems (in particular Djanbas-kala, 
Bazar-kala and Gavkhore) were moved far 
upstream of the riverbeds.Note 118 The topography 
changed: during the Kangju and Kushan periods 
the main canals were dug along the central strip 
of a takyr between two rivers and this greatly 
expanded the irrigated area.

The artificial ‘rivers’ and ‘deltas’ of the Archaic 
period were replaced in this time by more 
rational irrigation systems. Particularly evident 
are the changes in the Kelteminar basin, where 
the massive Archaic canals were abandoned in 
the Kangju and, especially, in the Kushan period. 
They were replaced by small canals, but towards 
Bazar-kala, a straight water course ran for a length 
of 20 km long and a width of 10–12 m.

The Kushan period was characterized by the 
maximum spread of irrigation canals. However, 
in the eastern side of the Khorezm right bank (in 
the systems of Kelteminar, Kyrk-Kyz, etc.) a sort of 
reduction of the lateral branches and of terminal 
parts took place at that time. Thus the lower 

part of the Djanbas-kala canal (near Farm 631) 
was abandoned, and part of the Kyrk-Kyz canal 
watering the environs of Small Kyrk-Kyz ceased 
to function. In the lower part of the Kyrk-Kyz 
canal several reconstructions were undertaken. By 
contrast, a significant expansion of irrigated areas 
took place in the first centuries CE in the western 
regions, especially in the ancient Gavkhore 
system. Traces of farming culture were especially 
extensive in the environs of Toprak-kala, the major 
urban center of Khorezm and the residence of 
its rulers before they moved to Kyat on the bank 
of the Amudarya in 305 CE. The city of Toprak-
kala existed until the 6th century and agricultural 
activities continued in its surroundings. (Tolstov 
1948b:187).

In the first centuries CE, the Archaic and 
Kangju canals in the environs of Ayaz-kala 1 and 3 
were revived and rebuilt, towards which the large 
canal from the Gavkhore system was brought. In 
this period the Kangju bed of the Yakke-Parsan 
canal was also rebuilt.

In the Antique period progress in irrigation 
tech niques included developing water supply 
schemes (appearance of new units, improvement 
of water distribution facilities, etc.), and also 
changes in the cross-sections of main canals. The 
wide and shallow Archaic canals (replacing the 
fading delta channels of the Akchadarya) were 
changed in the Kangju and, especially, in the 
Kushan periods, with a reduced cross-section but 
with more depth (see Gulyamov 1957:89–90; 
Tolstov and Andrianov 1957:7–8). However, 
when comparing cross-sections, it should be 
taken into consideration that on the right bank of 
the Khorezm the upper parts of the Kushan and 
Medieval irrigation systems were not preserved, 
since they were located in the contemporary 
cultivated area. For instance, a comparison of the 
Kangiu canals sections heads with those of Kushan 
(recorded in the same basin), misrepresents the 
situation. Only if we accept an average decrease 
in cross-section of ¼ (from the heads to the lower 
reaches of the major main canals), the general 
trend of cross-sections reduction in the Kushan 
period can be ascertained.
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For example, the Archaic canals around Bazar-
kala were 8–10 km long, but their upper parts 
were 40 m wide between banks. In the Kelteminar 
basin, where the Archaic canals were largely 
destroyed, these cross-sections were smaller. On 
the Kyrk-Kyz canal, over 60 to 90 km long, the 
preserved parts of the Kangju period had sections 
of 20 m between banks and 10–11 m only in the 
Kushan period. In the Kushan period all the canals 
were based on the main riverbed and the presence 
of dams guaranteed a long-term function of the 
irrigation systems. However, the replacement of 
canal heads in that period led to the lengthening 
of idle parts of the canal (from saka, i.e. the head 
structures to the distributor releasing the first 
gravity-flow),Note 119 which increased the amount 
of work required for cleaning the canals. The 
major canals undoubtedly retreated with the 
fading heads of the Akchadarya channels, where 
the water of the Amudarya was taken by saka in 
a larger area as it occurred later on the left bank 
of Khorezm (see Gulyamov 1957:243; VIR 1927, 
no. 3:41; etc.).

In Khorezm, during the Kangju and, especially, 
the Kushan periods, farming techniques and 
methods of soil fertility restoration were improved 
(to enhance the mechanical and chemical com-
position) with ‘wall fertilizer’: lands with damaged 
buildings and earthen banks of abandoned 
channel were rich in potassium salts, fertilized 
with silt sediments of irrigation water, ameliorated 
with applied sand, and the removal of takyr 
crusts, etc. (Tolstov 1948a:55–56; Fersman 1934, 
Tom II:82; etc.).Editor 49 The assortment of cereals 
increased sharply.

In the right bank of Khorezm, during antiquity, 
there was the process of improving water diver sion 
and the system of distributors (which first branched 
from the main canal at right angles then at a sharp 
angle), and the decrease of the main canals cross 
sections and a general increase of their length.

The development of more effective methods 
of water supply to the fields contributed to the 
expansion of sown areas and irrigated plots 
and an overall reduction of areas occupied by 
irrigating systems. Perhaps the general reduction 

of labor costs was due to the progress in irrigation 
techniques and to the activity of irrigation experts 
such as the Zoroastrian priests, or magi. The priests 
not only performed calendar and astronomical 
observations (in the 4th–3rd centuries BCE in 
Koy-Krylgan-kala), but they also improved the 
mathematical and physical basis of irrigation 
farming in the Khorezm oasis (Tolstov 1957b:X; 
Tolstov and Vaynberg 1967:251–264).

Medieval Irrigation Works

Kushan-Afrigid period (4th–6th centuries) 
At that time there was a change in the whole 
material culture of Khorezm. There are signs 
of decay of the traditional forms of Khorezm 
cultural and economic life, its handicrafts and 
agriculture, together with the desolation of a 
number of cities and some rural settlements, 
especially in the eastern part of the right bank 
of the Khorezm. (Tolstov 1948a:50; Gulyamov 
1957:110). In the basin of the ancient Kelteminar 
the branches of the Djanbas-kala and Bazar-
kala systems collapsed; the bed of the Antique 
Dingildje Oasis was abandoned, though new 
narrow canals were dug around the castle in the 
6th century; the terminal parts of the Kyrk-Kyz 
and Yakke-Parsan canals and some branches 
of Gavkhore were abandoned. In the west the 
Tash-Kyrman canal was completely abandoned. 
However, in the 5th and 6th centuries, the ancient 
Gavkhore continued to function without major 
reconstruction, irrigating the environs of Kosh-
Parsan and the major urban center of Khorezm, 
i. e. Toprak-kala. The main canal of Yakke-Parsan 
apparently continued to function, possibly with 
interruption, and in its lower part the fortified 
farmstead of Yakke-Parsan was constructed in the 
4th–5th centuries. According to the excavation 
of E. E. Nerazik, this settlement experienced 
three major reconstructions and existed from 
the 4th–5th centuries to the beginning of the 8th 
century (Nerazik 1963:37).

The typical features of the Kushan-Afrigid 
period irrigation were the abandonment of a 
large part of territory both in the east (Kelteminar, 
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etc.) and in the west (Tash-Kyrman canal); the 
dying end parts and large branches; the gradual 
disappearance of ancient systems (especially in 
the eastern part of the delta) and, at the same 
time, the beginning of a radical reconstruction 
of irrigation systems based on new, already 
Medieval, hydraulic solutions. This corresponds 
to a further progress in the technological process 
(in the processing of agricultural products): the 
transition from the grinding stone to the millstone 
(see Gulyamov 1957:121) suggests the Medieval 
introduction of the principles of rotation in the 
construction of water-lifting mechanisms of the 
9th–10th centuries.

Al-Biruni reported the construction by Afrigids 
of a fortress on the edge of Khorezm city in the 
year 616 of the Seleucid era (304 CE) and its 
ruin in the turbulent water of the Djeykhun River 
in in the year 994 of the Seleucid era (Biruni 
1957:I:48). Khorezm city, or Kat (Kas), was watered 
by a canal which Ya. G. Gulyamov connected 
with the late Kushan and Kushan-Afrigid sites of 
that region (Sarkop-kala, Sim-ata, Karakol-kala, 
Pil-kala) (Gulyamov 1957:110). The Kyat canal 
(according to Ya. G. Gulyamov constructed in the 
3rd century) perhaps played an important role 
in the Medieval irrigation of the Khorezm right 
bank, since the transfer of the head upstream of 
the channel, gradually merged the sources of all 
previous systems. The written sources reported that 
it turned into the Medieval Gavkhore system by 
the 9th–10th centuries (Bartold 1963, Tom I:199; 
1965:72:note 40) (see also p. 176). 

In the history of Central Asia, the 4th–6th 
centuries were a period of huge upheavals and the 
decline of many urban centers in Parthia, Bactria, 
Sogdiana, Margiana and Khorezm (see Masson 
1949:52–53; Dyakonov 1953:292; Shishkin 1940: 
44–45; 1963:199; Mandelshtam, 1964:26–28; 
Tolstov 1948a:119; etc.); the col lapse of slave-
owning states and the emergence of new feudal 
ones; people riots, movement of the steppe pastoral 
tribes and assimilation, the ethnical composition 
and renovation of the settled agricultural oases 
(Tolstov 1948a:50; Nerazik 1959b:224; Masson 
1968:100). 

The desolation of some settlements on the 
right bank of Khorezm at the end of the 6th 
century, such as Toprak-kala, Eres-kala and 
Duman-kala (whose upper layers were dated 
to this period), might be connected with the 
devastating campaigns of the Turkic nomads (the 
Tyurkyuts). In the middle of the 6th century, they 
created a vast domain from China to the shores 
of Djeykhun and the Aral Sea, including also 
Khorezm (Gumilev 1967:35). 

The significant reconstruction of irrigation 
systems on the right bank of the Khorezm was 
dated to the Late Afrigid period, in the 7th–8th 
centuries. The main features of economic and 
cultural life of this period were described by E. 
E. Nerazik, based on the Berkut-kala Oasis. She 
developed S. P. Tolstov’s thesis about the forma-
tion of early feudal relations in that period and 
traced the differences between the topography 
of the environs of Berkut-kala and the lower part 
of the Kyrk-Kyz canal, where the relationships 
between sites and canals remained unchanged 
(Nerazik 1966:48–49). The author identified 
economic inequality and societal stratification, 
as reflected in the size of single farmsteads, the 
dimensions of their adjacent vineyards and melon 
plantations (Nerazik 1966:110). The distinctive 
features of many settlements and of all oases, were 
a combination of farming and trade, the relative 
slow barter development and the internal market 
narrowness. The population ethnic composition 
also changed under the influx of incoming 
barbarian tribes. This process began at the end 
of the 1st millennium BCE and was reflected 
in the appearance of the peculiar handmade 
light-slipped ceramics of the middle and upper 
horizons of Koy-Krylgan-kala. In the 4th–5th 
centuries this was reflected in the appearance of 
Chionite elements in the Kushan-Afrigid culture. 
In the 7th–8th centuries it was reflected in the 
strong influence of Syrdarya herding-farming 
tribes in the formation of the Afrigid culture 
(Tolstov 1962a:252; Nerazik 1966:122–129; 
Tolstov and Vaynberg 1967:20:130–131).

Great changes took place in the field of 
irrigation. The Afrigid ruins of Karga-kala, Adamli-
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kala and small buildings in the neighborhoods 
of Angka-kala in the ancient irrigation basin of 
the Kelteminar are dated to this period.Note 120 
The irrigation canals of the Afrigid period were 
characterized by their small size; the largest 
one, in the area of Adamli-kala, was no more 
than 5–6 m between banks. However, the small 
irrigation network was different in comparison 
with the Antique one for the great number, 
regularity and branched configuration.

The changes in the overall ‘picture’ of irri ga-
tion systems should be considered, perhaps, as 
further progress in irrigation techniques. The 
main goal pursued by the Medieval irrigators, 
who changed the ‘sub-rectangular’ ancient irriga-
tion systems into branched ones, was to reduce 
the canal silting and the work required for their 
upkeep.

In the Afrigid period, the irrigation system of 
the Dingildje ‘oasis’ was entirely rebuilt (see Figure 
35). The oasis water supply diminished, and 
people started using water more economically. 
Instead of large and massive main canals, numer-
ous narrow canals were constructed to form 
a complex web, which either intersected the 
ancient Kangju-Kushan canals or repeated their 
configuration.Note 121 The main source, however, 
preserved an older one: the main canal flowing 
from Eres-kala. 

After a sharp irrigation network decline along 
the Big Kyrk-Kyz canal in the 4th–6th centuries, 
later on, a second, narrower (6–9 m) and deeper 
bed was dug in the 7th–8th centuries, which 
supplied water to many Afrigid settlements, castles 
and farms of the Berkut-kala Afrigid Oasis (see 
also Nerazik 1966:8–91). The Afrigid canal, in 
its middle reaches, continued east the Kangju-
Kushan canal and it ran very far from it and then 
rejoined it again in the same flat embankment. 
To the right of the canal there was a vast space, 
which stretched for 5 km from south to north, 
narrow, almost free of sand takyr, bordered by a 
series of fluvial terraces and takyr remains with 
sand from the dry riverbed of the Akchadarya. In 
some places the takyr was covered by few barchans 
and in other places by more frequent barchans, 

including the towering walls of the large Afrigid 
castle (Walls 9, 10, 11, 58, 60) and smaller ruins 
(remains of donjon and square fences). Traces of 
canals, gardens layouts, accumulations of Afrigid 
and Kushan-Afrigid ceramics were found on the 
surface.Note 122

The basic main canal to the north of Uy-kala 
had a double bed with a general width of 
approximately 80 m (7–8 m between banks of 
the Afrigid bed). Three kilometers from Uy-kala 
the canal turned northeast. The Afrigid bed was 
again situated on the left. Here are traces of the 
irrigation canals and ditches feeding the castle 
neighbors with water, the origins of which led 
toward the Afrigid main canal. The prevailing 
size of this canal was 7–9 m between banks (see 
Figure 34.D).

For digging the Afrigid bed of the Kyrk-Kyz 
canal it was necessary to remove 600,000 m3 of 
soil, which means 4,000 diggers over 50 days 
at a rate of 3 m3 a day. In order to maintain the 
canal, the labor of 2,500 workers was required 
each year. According to the calculation of E. E. 
Nerazik, no more than 4–5000 people could live 
in the oasis, including about a thousand working 
men. This calculation shows the local force was 
not sufficient to carry out all irrigation work, but 
the difference between the required number of 
diggers and the number of working men living on 
this irrigation basin was not as huge as in previous 
historical periods.

The configuration of the agro-irrigation layouts 
in the Afrigid period became increasingly diverse 
and complex. It was noted that, in the Afrigid 
fields of the Dingildje ‘oasis’, the more complex 
and varied layouts of the 7th–8th centuries were 
the evidence of a new approach to field cultivation 
techniques for this period. In the Kyrk-Kyz Oasis 
of the Afrigid period, different types of fields were 
also recorded. It should be noted, for instance, the 
remains of a vineyard near Afrigid Farm 66. It was 
rectangular, the layout oriented north with the 
bigger side 90 m and the smaller one 29 m. The 
rectangle was divided into wider gryad of 3.3–3.4 
m and narrower gryad of 1.4 m (in the middle they 
were almost washed away). They appear to be the 
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remains of small ditches that were preserved in 
the shape of narrow flat banks, rising 15–29 cm 
above the broad gryad. E. E. Nerazik discovered 
similar rectangular field layouts for the cultivation 
of cereals (with sides of 9 × 34 m, 20 × 20 m, and 
27 × 28 m, etc.) (Nerazik 1966:93).

During excavations at the Afrigid castle of 
Teshik-kala, S. P. Tolstov discovered remains 
of millet, barley, wheat, beans, mung beans, 
grapes, peaches, apricots, plums, cotton, melons, 
pumpkins and cucumbers, as well as the remains 
of domestic animals (Tolstov 1948a:142). The 
research by E. E. Nerazik on the rural sites of 
the Afrigid oasis increased this collection. She 
noticed that the most widespread (apparently, 
the prevailing) was millet (which was typical 
for Antique sites according to Koy-Krylgan-
kala). During the excavations of farms, seeds of 
sorghum, wheat, barley, melons, watermelons, 
grapes, cotton, plums, cherries, apples, apricots 
and peaches were also found (Nerazik 1966:92).

After the reduction of irrigation on the right 
bank of Khorezm in the Kushan-Afrigid period, 
and the later revival of the irrigated farming 
during the Afrigid period in the 7th–mid-8th 
centuries (until the mid-8th century),Note 123 a 
new abandonment of the irrigated land occurred 
in the second half of the 8th and 9th centuries, 
when Khorezm became the arena of feudal enemy 
factions, dramatic political events and popular 
riots.Note 124 All this led to the weakening of the 
central power (formation of two states in the oasis) 
and, consequently, the reduction of irrigated lands 
(Tolstov 1948a:46; Gulyamov 1957:123). The 
lower reaches of Kelteminar (environs of Adamli-
kala and Karga-kala) were deserted, and the whole 
Kyrk-Kyz canal, Gavkhore, and other irrigation 
systems fell out of use (Tolstov 1948b:231). Only 
near the city of Narindjan the upper section of the 
Yakke-Parsan canal continued to function.

In spite of the Arab conquest of Khorezm in 
712 CE, and the reprisal of Qutayba ibn Muslim 
of the Khorezmian magicians (magi) – i.e. the 
guardians of writing, astronomical calendar, 
mathematical and hydraulic knowledge so 
necessary for large-scale irrigation farming – the 

irrigation technical tradition survived. Although, 
according to al-Biruni, “the Khorezmians became 
illiterate and if they needed something they relied 
upon memory” (Biruni 1957:63).

The end of the 8th–beginning of the 9th 
centuries dates the life and activity of Muhammad 
ibn Musa al-Khwarizmi, the founder of ‘Arabian’ 
mathematics connecting Greek geometry and 
Indian algebra (the name ‘algebra’ comes from the 
name of his treatise al-jabr). Generally accepted for 
his success, to a large extent, he was indebted to 
the secular tradition of natural and exact sciences, 
which originated on the basis of irrigation practical 
needs in Khorezm and in remote travel exchanges 
(Tolstov, 1948a:267–268). He is widely known 
for his dictionary of irrigation terms in the Merv 
Oasis. Among the words that are worth of mention: 
mufriga, an artificial discharge for excess water 
(bedrau in the 19th century); kuvalidja, a channel 
made above the distribution facility; tiraz (or taran), 
a canal water separator (daraka and mazraka in 
Maverranahr); musanna, a dam; azala, the amount 
of land of 100 cubic ells on which are employed 
the diggers; sakiy, irrigated crops; kazaim, the karez, 
i.e. underground water gallery; gil, a sort of swamp, 
i.e. the discharging flood waters used for irrigation; 
garb, that which is irrigated by buckets (water-
lifting devices); the higher lands were irrigated 
through different water-lifting devices like dulayb, 
dalia, garrafa, zurnuk, nasura, mandjanun (MITT 
1939:217–218; Bartold 1965:142–143; Gulyamov 
1957:10, 237–259).

The high level of hydraulic skill of Khorezmian 
irrigators of the 9th–11th centuries are testified 
by the work of the prominent scientist al-Biruni, 
who was a native of Kyat suburbs. His work 
refers to the instruments for leveling the slopes 
of a canal, “which is measured (at ground level), 
level the ground, dig and build canals” (Biruni 
1957:288).

A great revival of economic relations with the 
Arabian Caliphate promoted the development 
of geographical knowledge and the emergence 
of a whole group of geographers and historians 
in the 9th–11th centuries (Ibn-Rust, al-Istakhri, 
al-Makhdisi, Yakut, etc.), whose work describe 
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the life of the Khorezmian Oasis, the condition of 
irrigation, canals, cities and settlements. A detailed 
study of these written sources was provided 
by V. V. Bartold, who dealt with the history of 
irrigation of Turkestan. The material describing 
the irrigation of the Khorezmian city were later 
studied by S. P. Tolstov and Ya. G. Gulyamov (see 
for example Gulyamov 1957:125–163; etc.).

Returning to the description of the irrigation 
works on the right bank of Khorezm in the 
Afrigid-Samanid period (9th–11th centuries), 
it should be noted that in the ‘lands of ancient 
irrigation’, the irrigated areas of these periods 
were preserved only in a few places, mainly on the 
borders of the contemporary cultivated area. The 
archaeological-topographical survey, for example, 
revealed, near Narindjan, an Afrigid-Samanid 
network of small canals and ditches irrigating in 
the past the area surrounding the city. Now they 
are densely covered by fragments of brown, light 
ochre-colored and gray Early Medieval vessels, 
and sherds of glazed pottery with red-brownish 
painting with geometric patterns, Kufic Arabic 
inscriptions, etc.Note 125

The settlement of Narindjan covered the bed 
of an Early Medieval canal near the southern 
wall, which was marked by a flat 13 m depression 
(Gulyamov 1957:139). The bottom of the canal 
was 1–1.5 m lower than the Early Medieval 
takyr and its total width, together with banks, 
was 25–27 m. It was covered with small pottery 
fragments of the 7th–8th and 9th–11th centuries. 
The canal was dug north of the settlement. Its 
visible width (the width of the bottom between 
banks) was 5.1 m. Near the ruins of an Early 
Medieval brick kiln, the canal was marked by a 
small hill and insignificant embankments. The 
flat bottom was covered with small dark-brown 
pottery fragments, which occupied a 9–10 m 
wide strip. Its overall width was probably 23–28 
m. Five kilometers north of Narindjan the canal 
was preserved in the shape of a flat bank with 
an overall width of 15 m. In the canal Early 
Medieval glazed pottery of the 9–11th centuries 
was found and, on its left side, there were the 
ruins (poisk 746) of a small Medieval fortification 

which preserved the southern earthen wall, 5 m 
in height and with narrow outlets. 

A number of gourd plantations, vineyards, 
small canals and single traces of destroyed dwell-
ings of the Afrigid-Samanid period were found 
near the ruins of Buran 1 (10th–11th centuries) 
and Buran 2 (9th–10th centuries).Note 126

Near Kum-kala we also discovered Afrigid-
Samanid canals, fields, vineyards and gourd fields 
of different shapes. Thus, in Kum-kala the layout of 
the vineyards had sides of 10 × 20 m. The width 
of a narrow line was 0.8–0.7 m. It was expressed 
by a slight ground lowering. The gryad were 3.6, 
3.8, 3.5 m etc. wide.

On the takyr west of Kum Kala, interspersed 
with small sand barchans, the layouts of large 
quadrangular fields with sides of 22 × 20 and 7 
× 28 m were preserved. In the lower parts of the 
main canal we found individual field layouts that 
were adjacent to the main bed. So, at poisk 739, 
we surveyed the layout of a vineyard consisting of 
two uneven parts. Between them was a 6 m wide 
strip. The length of one side was 38 × 44 m, the 
other side 31 × 44 m. The sizes of its narrow strips 
were 1.5, 1.3 m, etc. The wider strips were 3.6, 3.5 
m, etc. wide. These layouts remind us that, in the 
9th–11th centuries, grapes and especially gourds 
from the Khorezm Oasis were highly appreciated 
in the Islamic Orient. Al-Tha’alibi reported that 
watermelons from Khorezm were brought to 
Baghdad to the courtyard of the caliphs al-Mamun 
(813–833 CE) and al-Wathiq (842–847 CE) in 
lead containers covered with snow (Bartold 1963, 
Tom I:297).

Khorezmshah Period
In the history of Khorezm this is the time (12th– 
early 13th centuries) of a radical reconstruction 
of the old irrigation systems and further develop-
ment of Medieval irrigation techniques. It was the 
heyday of the feudal monarchy in Khorezm and, 
according to S. P. Tolstov, “before us there were 
huge irrigation works, revival of hundreds and 
thousands of hectares of fertile land, construction 
of border fortresses on the edge of the desert, 
strengthening of strategic pathways to Khorasan, 
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Maverranahr, deep into the steppes of Dasht-i 
Kipchak, a new flowering of urban life, handicrafts 
and trade” (Tolstov 1948b:276). This was the time 
of the rise of the mighty state of Khorezmshah, 
broadening their borders, at the beginning of the 
13th century, from the Aral Sea and the Syrdarya 
to the shores of the Indus on the south, and from 
the Tian Shan on the east to the Azerbaijan on 
the west. Within the limits of the right bank of 
Khorezm, in that period the canals in the basin 
of Gavkhore were reconstructed.

Medieval Gavkhore
S. P. Tolstov provided enough proof to identify 
the Medieval systems in the Lower Amirabad 
with the rustakNote 127 of Gavkhore described by 
the authors of the 10–13th centuries (Tolstov 
1948a:46). Al-Istakhri, who in turn used an essay 
by Abu Zayd al-Balkhi (919 or 920 CE), described 
this canal: “Six farsakh from Garabkhashny, the 
canal branched from the Djeykhun feeding the 
rural area to the city (the capital Kyat). This canal 
is called Gaukhore, which means “food of the 
cows”, the width of this canal is approximately 
five ells,Note 128 the depth was approximately the 
height of a two men, (according to him) floating 
ship. From the (canal) Gaukhore, when it held 
five farsakh, departed a canal called Karikh and 
it irrigates a part of the rustak” (MITT 1939:179). 
Ya. G. Gulyamov supposed that its sources were in 
the Akkamysh. He studied in detail the etymology 
of the name ‘Gavkhore’ and he linked it with 
the name of the channel (‘Gau’) in the province 
of ‘Kh(v) or’ (Gulyamov, 1957: 93, 138).Note 129 
He rightly pointed out that the canal branching 
from Gavkhore, the Karikh (Gire according to V. 
V. Bartold), should be connected with the canal 
irrigating the environs of Guldursun, built in the 
Middle Ages, and the Medieval city of Narindjan.

The dead ‘oasis’ of Gavkhore stretched along 
the old riverbeds and contemporary lakes, nearly 
30 km north of the modern cultivated area, in the 
shape of a narrow strip of takyr entirely scattered 
with several ruins of single farmsteads and castles 
of the 12th–early 13th centuries, towering above 
the dense and intricate network of canals, ditches 

and fields (see Andrianov 1959:146–149, fig.1). 
On the west this oasis was bordered with sand, 
dry riverbeds and contemporary lakes, on the 
east it bordered with sand and the deflation basin 
formed in water discharge places of the early 
irrigation systems. The Gavkhore system, within 
the contemporary cultivated area, branched in 
the direction of Duman-kala. This canal irrigated 
the environs of the Naib-kala 1 castle (10th–11th 
centuries) (Tolstov 1948a:115). Moving from the 
cultivated area, Gavkhore, in the area of a small 
lake, it had a width of 6–5.5 m between banks 
and the banks were 2 m high. Three kilometers 
from the cultivated area the canal split in two. The 
total riverbed width was more than 40 m. The 
width of the left bed, was apparently preserved 
for approximately 20 m and 6 m between banks. 
Slightly below the Medieval system, close to 
southwest, there was an ancient system, forming 
an almost continuous strip of damaged irrigation 
canals and ditches of different periods, more than 
200 m wide (poisk 1171). To the east a small Early 
Medieval canal was 3 m wide between banks and 
its bed was clearly marked in relief with a width 
of 6–6.5 m and 11–12 m between banks. The 
banks covered with sand and bushes were 1.6–2 
m high above the surrounding takyr. The complex 
structure of the Gavkhore system was preserved 
also in its lower part with the only difference that 
the Medieval main canals were in some places 
preserved 350–400 m away from the Antique 
ones, and even their number increased.

Eight kilometers from the cultivated area 
(3 km from the lake), small distributors branched 
right from the Medieval Gavkhore system, forming 
a continuous network of small ditches and fields, 
among which, here and there between sand 
dunes, Medieval farms and castles lay. Here, 
over an area of 8 km2, almost a hundred ruins 
were recorded. As the main Gavkhore system 
approached Djildyk, running along the bank 
of another lake (the former riverbeds of the 
Akchadarya), it again decreased to 100–120 m. Its 
structure was similar to the above described one. 
In the west there was a massive bank 40–50 m 
in size covered with Kangju and Kushan pottery, 
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in the east there was an assortment of small 
Medieval canals highly damaged by erosion. The 
largest one was 56 m wide between banks (poisk 
1145). In the environs of Castle 5, the Medieval 
system of Gavkhore greatly branched out (poisk 
1123). Its total width exceeded 220 m. In spite of 
heavy destruction, in the transverse section it was 
possible to recognize 11 Medieval canals, differing 
from each other in size and forming an almost 
continuous series of small hills and terraces: the 
remains of river banks did not exceed the height of 
1 m. Fragments of Medieval unglazed and glazed 
pottery of the 12th–early 13th centuries prevailed 
among the scattered surface materials.Note 130

Between Castles IV and V, the Gavkhore 
system highly branched: the distributing canals 
were both on the left and on the right. Cluster 
of Medieval canals deviated slightly west and 
approached Castle IV in the shape of a 150 m 
area of destroyed irrigation ditches and canals, 
whose central part did not exceed the 3–3.5 m.

The Antique and Medieval systems ran in 
parallel to Castle IV, but, between Castles III 
and IV the pattern became complicated. In some 
places the entire range of parallel and intersecting 
irrigation ditches reached 400 m in size. In order 
to reveal the system structure, we carried out two 
perpendicular profiles. The transverse latitudinal 
profile between Castles III and IV revealed 5 
small Medieval canals (poisk 1155), of which the 
largest and most important was situated on the 
western border. Its width was 15 m and 4.5 m 
between banks. It was directed toward Castle III 
and then to Kavat-kala, where a large number of 
small irrigation ditches departed from it.

Already in the 1940’s, during the photo-
graphic mapping of the Kavat-kala Oasis, S. P. 
Tolstov noted a massive group of canals located 
between Castles III and IV and turning eastward 
(Tolstov 1948a:158:fig. 95). We dug a north–
south trench with a total length about 400 m, 
which revealed a very complex web of narrow 
Medieval ditches branching from the main 
Gavkhore canal, and adjoining the ancient, 
completely destroyed, canals.

Northwest of Kavat-kala, the Medieval 

Gavkhore was 12 m wide and 4 m between 
banks. The canal turned northwest along ancient 
systems in the direction of Toprak-kala. The 
Medieval canals entered the older lands from 
the southeast and formed a wedge, whose top 
approached Toprak-kala. At 1.5 km southeast of 
the ancient capital of Khorezm was located the 
main Medieval center of this region, Toprak-kala 
2. In some places between the Medieval fields 
and ditches, almost along a straight line between 
Kavat-kala and Toprak-kala 2, rose the ruins 
of rural farmsteads of the Khorezmian period, 
with typical remains of kaptarkhana: the high 
ceremonial-room, like the Uzbek mekhman-khana 
(see Tolstov 1948a:159–162; 1948b:280–282).

The Medieval ‘lands of ancient irrigation’ of 
the 12th–early 13th centuries were revealed by 
the team northwest of Toprak-kala, along the 
main Gavkhore canal in the environs of Kzyl-
kala. Here, at 1 km northeast of Kzyl-kala, in a 
solonchak area, a quadrangular (40 × 40 m) highly 
damaged fortification was found, only a low wall 
was preserved. On the surface of this solonchak 
crust with white salt efflorescence spots, the finds 
of ceramics of the 12th–early 13th centuries 
were very rare. It should be noted that the latest 
network (the lower part of Gavkhore), in the form 
of narrow (3–4 m) irrigation canals, crossed the 
Antique distributors, maintaining a rectangular 
and ‘sub-rectangular’ configuration of agro-
irrigation layouts (fields and irrigation ditches), 
inherited from the previous periods.

The archaeological-topographic research in 
the environs of Kavat-kala identified a group of 
peasant farmsteads along single canals of the 
Gavkhore system. Clusters of 10–20 farms were 
located along the canals, as a rule lower than 
the castles around which they gravitated. Thus, 
Castle I was adjacent to Farms 1–10, 59, 60, etc., 
Castle I and Castle II, controlled the canal where 
Castles 19, 22–26, etc. were placed. Farms 36, 45, 
46, 63–70, etc. were placed below Castle III (see 
Andrianov 1959: fig. 1).

In the Gavkhore, the irrigation system plan 
with its complicated branching shapes and 
numerous narrow branches, along which farms 
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were placed in connection with individual castles, 
it is possible to see, according to S. P. Tolstov, the 
graphic materialization of the feudal relations 
existing at that time. The peculiar topography of 
these dwellings gave S. P. Tolstov the reason for 
concluding that the rustak of Gavkhore was an 
example of a completely feudal type of settlement, 
with the residence of the major feudal lord (the 
ruler), in Kavat-kala, the castles of his vassals and 
numerous unfortified farms (Tolstov 1948a:150; 
1948b:282).

The Medieval oasis of Gavkhore gave us an 
idea about an extremely high level of agricultural 
production in the Khorezmshah period. The rural 
population density in the irrigated farming zone 
was high at that time. The total area covered by the 
Medieval fields in the basin of Gavkhore reached 
35 km2. In the central, densely populated part 
adjoining the small Early Medieval settlement 
of Kavat-kala, more than 140 farms were found 
over an area of 14 km2, while, in the Afrigid Oasis 
of the 7th–8th centuries, only 100 farms were 
located in an area of 35 km2. According to S. P. 
Tolstov, the population density increased fourfold 
(Tolstov 1948b:280).

The smallest farmsteads in the environs of 
Kavat-kala reached 150–300 m2 and, according to 
S. P. Tolstov, a family of the Khorezmshah period 
still retained the large family tradition (Tolstov 
1948a:160–164; see also Nerazik 1966:116–
120). Excavated Farm 1 had five rooms, including 
room for guests, or kaptarkhana. If we assume that 
at least 10–20 people lived in every farmstead, 
it appears that the population living around 
the Kavat-kala Oasis was from 1,200 to 2,500. 
The population density in the irrigated area 
reached 80–150 persons per 1 km2. It was a 
rather large number for that time.Note 131 Not 
by chance, the Arab geographer and traveller 
Yakut (1179–1229), who visited Khorezm in 
1219 CE, wrote that he “had never seen a place 
more populated than it (Khorezm)… Continuous 
population, villages close to each other, many 
individual houses and castles in its steppes, and 
rarely your eyes see an uncultivated place in its 
district (rustak). There are a lot of trees. Most are 

mulberry trees and poplars. They need them for 
buildings and feeding silkworms. And there is 
no difference (in population), when you go over 
all of its districts and when you walk through all 
the bazaars. And it may be assumed that in the 
world there are provinces excelling Khorezm 
in welfare and more populated than it is... The 
majority of villages of Khorezm are cities with 
markets, much material goods and shops. It is 
rare a village without a market. All this with the 
total security and full serenity” (quoted in Tolstov 
1948a:156–158).

The Medieval ‘oasis’ of Gavkhore gives us an 
idea of an extremely high level of agricultural 
production and irrigation technique. Apparently, 
by that time, the irrigation systems had already 
all the main elements recorded at a later time: 
protective dams on the Amudarya; system of 
saka, head constructions; idle part of main canal 
(frequently connected to saka); reserve drainage 
canal (bedrau or mufriga); main canal (arna); major 
distributors (yab or yap); small distributors (badak) 
with water regulating devices; feeders (salma), 
from which excessive water flowed to end-water 
escape ponds. In order to avoid erosion, the head 
of the badak was equipped with sluices (doldarga). 
Often some water-regulating wooden devices 
(tokurtka) were put on the salma. The control of 
water using regulators at the heads of canals 
was not practiced. The regulators were used 
only in the distributing network (see Gulyamov 
1957:243–244).

On the right bank of Khorezm in the 
Khorezmshah period, irrigation was only by 
gravity. On the left bank, as we shall see below, 
to this scheme should be added supply ditches 
to chigir (water-lifting devices) and the chigir 
them selves, which received a widespread use 
in Medieval Khorezm, between the 9th–11th 
centuries, (see Vakturskaya 1959:269).

The irrigation systems of the 12th–early 
13th centuries were quite perfect and close, to 
some extent, to the Late Medieval systems. The 
main canals were narrower but deeper than in 
ancient time.Note 132 The layout of the system was 
already characterized by a complex branched 
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configuration (see Figure 34.J). This made possible 
the irrigation of more land within the same 
irrigation system. The coefficient of the irrigated 
area, i.e. the percentage of irrigated land within a 
general controll area, in the Middle Ages probably 
rose by a high 30–40%.Note 133

The branching parts of irrigation canals were 
not covered with sediments as fast as the ‘sub-
rectangular’ systems of Antiquity. The volume of 
earthwork decreased. The reduction in transverse 
sections and the overall labor costs for the main 
canals also decreased. The main Gavkhore canal 
extended for 60 km with an average cross-section 
of 5 m2, thus the volume of the soil removed was 
probably about 300,000 m3. This could have 
been done by 2,000 diggers in 50 days (with 
an average rate of 3 m3 per day) and, in order 
to maintain the system functioning, 800–1,000 
men were required annually. As we mentioned 
above, only 1,200 to 2,500 people lived in an 
area of 14 km2 around Kavat-kala. In the whole 
Gavkhore basin (including the zone of the main 
canal within limits of the contemporary oasis), 
there apparently lived from 4,000 to 8,000 
people, among whom there were 1,000–2,000 
working men. Based on these calculations, 
some important conclusions can be drawn (for 
the history of the Khorezm irrigation) that in 
the Middle Ages the local labor resources were 
sufficient for the implementation of the entire 
irrigation cycle, i.e. digging and cleaning.

Labor conscription to clean up the canals 
was administrated by the central authority and, 
according to the sources, in the Middle Ages 
it was characterized by the well-known feudal 
corvèe, begar or bigar. This corvèe was wide-
spread in countries of the Near East and Central 
Asia (Minorsky 1939:947, 950; Petrushevskiy 
1960:394–396; Ali-Zade 1956:228–230). The 
Khorezmshah Sultan Tekesh (1172–1200 CE) 
men tioned the natural conscription khashar va 
begar in a letter to his son Malik Shah, ruler 
of Djend, in connection with very hard and 
constrained work and recruitment of peasants for 
military home guard (Horst 1964:59, 71, 121). I. 
P. Petrushevskiy states that, during the Mongol 

rule in the 14th century, the rulers of Herat 
gathered people for bigar as repression of ‘breach’.

V. V. Bartold noted that, in the Early Middle 
Ages, new canals construction with peasants 
forced labor was considered a popular calamity. 
He mentioned al-Tabari’s account about a message 
of the Caliph Yazid III (who came to the throne in 
the 744 CE), promising not to erect buildings and 
not to dig canals (Bartold 1965:115).

The term begar is ancient, perhaps of Pahlavi 
origin (Petrushevskiy 1960:394–396) and means 
natural conscription of rural population.Note 134

Returning to the Gavkhore basin people, it 
should be noted that, in the Middle Ages, in this 
region the population density rose sharply and areas 
of irrigation increased with a general reduction 
of the territory occupied. A similar process was 
also noted by R. McC. Adams (1965:115) in the 
environs of Samarra and the basin of the Diyala 
River, where the total population reached its 
maximum (more than 800,000 people) during 
the rule of Harun al-Rashid.

The process of economic development in the 
right bank of the Khorezm was interrupted in the 
early 13th century (1220 CE) by the catastrophic 
Mongol invasion. After weak attempts to revive the 
economy in the early 14th century, life here was 
frozen till the 19th century (see Tolstov 1948a:51; 
Masson 1940:114; Shishkin 1963:243–244; 
Petrushevskiy 1960:36–46,67–83; Vakturskaya 
and Vishnevskaya 1959:161).Note 135

The small Medieval distributing and irrigation 
network differed from the Antique one in its 
great frequency and branch configuration. The 
origin of complex branched layouts changed the 
‘sub-rectangular’ and angular ancient systems of 
irrigation and promoted the reduction of canal 
silting, thus preserving for a greater length (up 
to hundreds of km), the Medieval canals which 
were several times narrower than the ancient 
ones. This was especially clear when comparing 
the Gavkhore Kangju-Kushan bed, which was 20 
m wide, with the Khorezmshah period canals, 
3–5 m wide.

In the Middle Ages, as in ancient time, there 
were width differences in the canals upper and 
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lower parts. However, the upper part of Gavkhore 
lie in the contemporary cultivated zone and it is 
difficult to ascertain the precise size of the main 
canal in the 12th–early 13th centuries. It should 
be recalled that the insignificant width of the canal 
irrigating the “rustak to the capital of Khorezm” 
was reported by Medieval geographers (Bartold 
1965:165). It has also been noted by W. Willcocks 
in Mesopotamia (the reduction of cross-sections 
of ancient canals from 50 to 5–10 m in width) 
(Willcocks 1903:1–13). The general decrease of 

canal cross-sections led to a reduction of work 
required in their maintenance.

Apparently, the irrigation systems of the right 
bank of the Khorezm in the Khorezmshah period 
already featured all the main elements of the 
complex Khorezm irrigation of modern times: 
few heads (saka) – drainage canal – distributor 
canals (1st and 2nd order) – feeders – fields. 
The longitudinal profile of ancient and Medieval 
canals indicated that they were designed for a 
river water level very similar to the modern one.



Chapter 4 
The Sarykamysh Delta

Boris V. Andrianov

In the ‘lands of ancient irrigation’ the territory of 
the Sarykamysh Delta consists of a vast flat plain 
with a general slope west and northwest (with an 
average of 0.2–0.4 m/km; see details in Tolstov 
and Kes 1960:147–174; Doskach 1940). The 
plain decreases from the highest elevation of 80 
m asl east near the Amudarya to 50 m west of the 
Sarykamysh depression.

The ‘lands of ancient irrigation’ are bordered 
in the east by fields of a contemporary oasis, 
by the steep Ustyurt plateau in the north, the 
Sarykamysh in the west, and the high sand ridges 
of the Transunguz Karakum south (Tolstov 1962a: 
Karta Zemli drevnego orosheniya i nizovyakh Amudari 
i Syrdari – Map of the ‘Lands of ancient irrigation’ 
in the Lower Amudarya and Syrdarya). The area 
of this territory is approximately 1 million ha. It is 
crossed by dry riverbeds (Kangadarya, Tunydarya, 
Daudan, Daryalyk or Kunyadarya) and the land 
in-between is rich with barely visible traces, reliefs, 
with many small dry channels marked by hollows, 
narrow sand strips or flat takyr lines (see Tolstov 
and Kes 1960:146: 146–147: Geomorfologicheskaya 
i arkheologicheskaya karty prisarykamishkoy delty – 
Geomorphological and archeological map of the 
Sarykamysh Delta).

The ancient hydrography is visible on the 
ground and aerial photographs in the shape of 
elongated light lines broken by sand sediments, 
forming meanders or in the shape of ‘wandering 
fans’ left by the river after its gradual progress to 
the flood-land (see Figure 6). The dense ancient 
delta network of channels begins within the limits 
of the contemporary cultivated area between 
Khiva and Urgench (Georgievskiy 1937:65). 
The central and southern parts of the delta are 
characterized by the highly branched Daudan 
channel system (Glukhovskoy 1893:183). The 
most northern branch of the Daudan, sometimes 

called ‘Budjunuyu Daudan’, passes by the foot of 
the southern slopes of the Mangyr small elevation. 
As a network of channels it flows into the 
Sarykamysh depression between the elevations 
of Tarymkaya and Buten-tau (Tolstov and Kes 
1960:159–162; Georgievskiy 1937:70–76).

The Daryalyk riverbed can be traced north 
of the city of Tashauz, whence it is directed to 
Kunya-Urgench and the narrow promontory of 
the Ustyurt, where the ruins of Shiran-kala and 
Dev-kesken (Vazira) tower above a 200–250 m 
wide well preserved valley. The Daryalyk then 
runs along the northern foot of the Buten-tau, 
and narrowing it takes the form of a canyon, 
finally flowing into the Sarykamysh depression 
(Tolstov and Kes 1960:153–159; Georgievskiy 
1937:77–81). The relief shapes here are very 
different: from active moving sand barchans and 
less mobile to stable, fixed sandy hills and plains 
(Gelman 1891; Doskach 1948). The alternation 
of sands and takyr clearly limited the depression, 
covered with thin clay sediments, which filled 
over a more or less extended time period during 
spring rains and rare downpours. The takyr is 
mainly distributed along former riverbeds in the 
southern and, especially, in the northern parts of 
the ancient deltaic plain, where surface sediments 
have clay with a more organic composition (Rodin 
1961:13–14; Konobeeva 1965:129).

In the northern half of the delta, traces of farm-
ing activity are expressed more clearly. The ruins 
of abandoned Turkmen settlements of the 19th 
century and rare sand accumulations rise above the 
clay takyr surface, crossed by canals and field ridges. 
In recent years, this area was actively developed 
by cotton-growers of the Kunya-Urgench region, 
who ploughed the abandoned fields and used many 
Medieval and Turkmen canals.

In some places the remains of a Tertiary 
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plateau with limestone, clay, gypsum and marl 
(elevations of Kuyusaygyr, Tarymkaya, Gyaurgyr, 
Buten-tau, Tuzgyr, etc.) rise 20–60 m high above 
the deltaic plain. Besides large elevation remains, 
there are also smaller remains of Transunguz 
pliocenic stratification: ridges stretching from 
north to south (Tolstov and Kes 1960:162–172). 
There are ruins of ancient fortresses (such as 
Kyuzeligyr-kala, Kalalygyr-kala I and II, etc.) 
which lie on the main ridge areas.

The delta of the Sarykamysh is formed by 
stratifications of sandy clay loam and alluvial 
deltaic sediments several meters high. This 
sequence was generated in the Upper Khvalinsk 
and Neo-Caspian period, when the Amudarya 
formed the Akchadarya Delta, then curved west 
and started to supply water to the Sarykamysh 
depression (Tolstov and Kes 1960:16–23, fig. 
4, 173–174). The Amudarya waters filled the 
Sarykamysh and the adjacent Assake-Audan 
depressions and formed a huge fresh water lake. 
Once the lake water level reached 53–60 m in 
height, the water flowed and thoroughly washed 
away the Uzboy riverbed, through which the 
Amudarya had reached the Caspian Sea (Kes 
1939, 1954; Tolstov, Kes and Jdanko 1954, 1955; 
Tolstov and Kes 1960:21). 

The Uzboy ceased to flow continuously in the 
early 1st millennium BCE, which was proven by 
geomorphologic and archaeological research, 
although through a breach in the Amudarya 
water also flowed at a later time (Tolstov and Kes 
1960:23–25, 29–31, 343; Bartold 1965:173–184, 
321–325; see also Kaulbars, 1887; Konshin, 1897; 
Bartold 1965:15–94, 99–120; Tolstov and Kes 
1960:5–13; Tolstov 1962a:17–26). The end of 
the Uzboy permanent water flow was connected 
to a 50 m lowering in the level of the Sarykamysh 
Lake. Most of the Amudarya water started flowing 
into the Aral Sea, and a significant water quantity 
began to be used for irrigated agriculture in the 
deltaic channels of the Sarykamysh as far as the 
1st millennium BCE. Active deltas and riverbeds 
of the Amudarya tended to move downstream, i.e. 
in the direction of the Aral Sea. Farming activities 
of the inhabitants of ancient Khorezm accelerated 

this natural process of moving the active deltas 
further downstream (Andrianov 1955:356).

The thick layers of alluvial sediments in 
its upper part were subjected to significantly 
lithological changes. The process of mud deposits 
and the accumulations of sand and soil by 
irrigation waters led to the formation of irrigated 
loamy sediments, coating the land (Gerasimov, 
Ivanova and Tarasov 1935:24; Georgievskiy 
1937:98; Letunov 1958:43).

In the regions of ancient regularly-irrigated 
agriculture in the Southern Khorezm, cultural 
sediments reached a thickness of 2 to 5 m along 
the irrigation canals (Georgievskiy 1937:112). 
In the basin of the Daryalyk and the Daudan 
cultural sediments were 1.3–1.5 m thick. In 
the lower delta the sediments were less thick, 
just 25–50 cm thick. Sediments associated with 
a population cultural-economic activities are 
differentiated by their origin. Thus, the geologist B. 
M. Georgievskiy identified five provenance types 
on the left bank of the Khorezm: 1) cultivated-
irrigation sediments; 2) irrigation sediments; 3) 
cultural-urban sediments; 4) sediments of old 
cemeteries; 5) artificial earthen mounds, such as 
dams, dikes, etc. (Georgievskiy 1937:98–118). 
Considering that irrigation sediments increase the 
surface of irrigated fields at 1 mm each year, and 
the compost introduced in the soil adds another 
0.5 mm (i.e. 1.5 mm per year), B. M. Georgievskiy 
tried to establish the antiquity of agriculture in 
different parts of the Southern Khorezm. 

According to his calculations, farming 
activities were: 1) on the left bank of the Daudan 
Basin 2,000 years old; 2) between the ancient 
floodplains of the Daudan and Daryalyk former 
riverbeds 1,750 years; between the ancient 
floodplains of the former riverbeds of the Daryalyk 
and the kair lands of the Amudarya floodplain 
approximately 900–1,000 years; 4) in the Daudan 
floodplain 800–1,000 years; 5) in the Daryalyk 
floodplain 400–500 years; 6) in the kair lands of 
the Amudarya floodplain in the area furthest from 
the river 250–300 years, and in the area closest 
to the river no more than 50 years (Georgievskiy 
1937:108; see also Gulyamov 1957:89–92).
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I. P. Gerasimov, E. N. Ivanova and D. I. Tarasov 
supposed that the annual layer of irrigation 
sediments did not exceeded 0.6 mm, thus it 
took approximately 1,500 years to reach a layer 
of irrigation sediment (without fertilizers) 1 m 
thick (Gerasimov, Ivanova and Tarasov 1935:52; 
Saushkin 1947:294; Letunov 1958:43). As for 
sand and manure sediments or fertilizers (which 
appeared in Khorezm, in S. P. Tolstov’s opinion, 
in the 5th–6th centuries and possibly sometime 
earlier), according to data of the early 20th 
century the field soil level could have raised 
annually by 6.4 mm (Gerasimov, Ivanova and 
Tarasov 1935:33). According to above authors, it 
is impossible to evaluate the annual increase of a 
cultivated layer, taking into account, that not all 
areas were treated equally. The co-efficient of land 
use was not huge, only 0.2–0.3–0.35% (Letunov 
1958:43). The rate and thickness of agro-irrigation 
sediments on fields varied, depending on the 
nature of irrigation and the exploitation of each 
field in different historical periods, which leads 
us to take B. M. Georgievskiy’s approach with 
great caution. However, he was completely right 
when he connected the process of rising cultural-
irrigation sediments in the Southern Khorezm 
with: the gradual deepening of ditches; lowering 
the horizons of irrigation water; and changing 
from gravity irrigation to the chigir, i.e. artificial 
water lifting to irrigate fields, which was, as we 
shall see below, widespread in Khorezm starting 
from the 9th–11th centuries (Georgievskiy 1937: 
109) (see also p. 208).

The first to formulate a thesis that kair 
agriculture represented the beginning of farming 
in the Lower Amudarya was B. M. Georgievskiy. 
Later it was developed by S. P. Tolstov and 
especially Ya. G. Gulyamov (Tolstov 1948a:41, 
67; 1948b:76–77; Gulyamov 1957:59–60, 74, 
89; etc.). According to B. M. Georgievskiy, “Origin-
ating on the alluvial plain of the delta, first on 
both sides of the ancient flood-land on the active 
channel of the Daudan, irrigated agriculture, then 
developed on both sides of the ancient Daryalyk 
channel flood-land, and after the channels dried, 
it also spread to the ancient flood-lands of the 

Daudan, to the Daryalyk, and finally into the 
modern flood-land of the Amudarya forming ‘kair 
lands’” (Georgievskiy 1937:106).

If on the left bank it was possible to identify 
the undeniable evidence of prehistoric irrigated 
agriculture (in particular, the Tazabagyab and 
Suyargan sites of the third quarter of the 2nd 
millennium BCE), in the ‘lands of ancient irriga-
tion’ on the right bank of the Khorezm traces of 
such early irrigation were not yet detected. The 
Bronze Age finds in the Sarykamysh Delta are 
rare (Tolstov and Kes 1960:179).Note 136 According 
to S. P. Tolstov, here these “sites were washed up 
or fully covered by additional later sediments” 
(Tolstov 1955c:192; Tolstov and Kes 1960:180).

Ya. G. Gulyamov supposed that the wandering 
channels of the Daudan became the habitat for 
ancient herders and farmers, apparently, almost 
simultaneously with the right bank (Gulyamov 
1957:74). However, according to a different point 
of view, irrigated farming and irrigation facilities 
appeared on the left bank of the Amudarya 
somewhat later. The Sarykamysh Delta (the river 
Mazdubast according to al-Biruni) is younger than 
the Akchadarya Delta (the riverbed al-Fahmi).

The history of irrigation on the right bank of 
the Khorezm gives us an example of the very close 
connection of ancient irrigation works with the 
oldest deltaic channels. Based on geological data, 
B. M. Georgievskiy supposed that “the spreading 
of irrigated agriculture in Southern Khorezm 
took place simultaneously with the history of 
the ancient delta last period of formation and 
proceeded in parallel with it” (Georgievskiy 
1937:106). According to that scheme, B. M. 
Georgievskiy suggested that the left bank most 
ancient irrigation should be found in the upper 
reaches of the Daudan and Zeykash. That is to say, 
within the limits of the contemporary cultivated 
area of Southern Khorezm, where the irrigation 
network functioned continuously, forming new 
cultural layers thus making it difficult to identify 
prehistoric sites, hidden under the soil (Gulyamov 
1957:92).

The research of Bronze Age sites in the Upper 
Uzboy, i.e. in the region adjoining the Sarykamysh 
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Delta from southwest, enabled M. A. Itina some 
conclusions on the appearance of cattle breeding 
in the economy of the inhabitants of this area 
(Itina 1959c:308).

How was the Sarykamysh Delta in that 
period? Herodotus’ writing about the Araxes River 
(Amudarya?), which flows into the Caspian Sea 
from the east, fits very well with it. At its mouth the 
river was divided into 40 branches, one of which 
“flows through an open area into the Caspian Sea 
from the east” while others “flow into swamps 
and lagoons” (Herodotus I, 202; Bartold 1965:24; 
Fedchina 1967:5–6).

In the earliest period of farming culture, 
swamps and waterlogging in this region were 
proven by soil research in the environs of the 
Shakh-Senem elevation and ruins on the Daudan 
southern channels where several stages of natural 
history were identified. In the pre-farming 
period, delta freshets predominated when the 
riverbed sandy environment was changed by the 
appearance of the marsh-tugai soil formation. 
This landscape is very close to that of the modern 
Amudarya Delta, with its lakes, cane and tugai 
thickets (Andrianov, Bazilevich and Rodin 
1957:525). The test trench at poisk 13 (Section 
151) is very characteristic (Figure 41), showing 
the prevailing Archaic pottery and providing many 
Kushan and Medieval ceramic finds.

Here is a description of the prospecting test 
trench. Layers: 1) takyr crust; 2) ashy-gray, in some 
places dark-gray, medium dense loamy clay with 
lumps; sand in the upper part, affected by traces 
of modern soil formation process (agro-irrigation 
sediments), from 2 to 14 cm thick; 3) ashy-gray 
loamy clay with sand and traces of  digging, rusty 
veins and swamping, organic remains (roots) and 
salt deposits (agro-irrigation sediments), from 
14–27 cm thick; 4) light gray loamy clay with rusty 
spots and in some places sand, salt; handmade 
‘barbaric’ and badly burnt pottery fragments were 
discovered at a depth of 40 cm (agro-irrigation 
sediments), the middle layer was 27–40 cm thick; 
5) brown-ashy fine porous loamy clay with lumps, 
rusty spots and remains of gleysol, deposited on 
the lower layer with a break (upper part of low 

agro-irrigation layer), 45–68 cm thick; 6) loamy 
clay with sand, traces of digging and a horizon of 
swampy soil in the low part (low agro-irrigation 
layer), 68–90 cm thick; 7) loamy, swampy and 
riparian soil with no traces of agriculture, 90–95 
cm thick.

From this section it is clear that the irregular 
agricultural activities began in the area of wetland 
kair lands apparently already before the Archaic 
period. A picture of the life and economy of recent 
inhabitants of these horizon were vividly depicted 
by A. V. Kaulbars (1881:531, 543 and others).

In the 19th century, in regions with changing 
river channels, ancient traditions dating back to 
the Bronze Age were preserved with a very typical 
primitive integrated economy: vast cane thickets 
served as cattle pastures; the inhabitants fished 
in channels and floods and cultivated millet, 
melons and pumpkin in the kair (Andrianov, 
1958a:113; see also Gulyamov, 1957:63). In 
order to reconstruct the economy of inhabitants 
of the Lower Amudarya in the Bronze Age, Ya. 
G. Gulyamov reviewed historical-ethnographic 
materials and concluded that, from the outside, 
the way of life of some Karakalpak and Uzbek 
tribes partially represented, to some extent, the 
Bronze Age farmers’ life (Gulyamov 1957:63).

The cattle occupied a central place in the 
economy of inhabitants of the deltaic areas rich 
in channels, lakes and cane thickets. This was 
widely reflected in traditions, religious concepts 
and cult complexes of the local Iranian-speaking 
population of Central Asia, in which the bull 
is identified with water and vegetation (Trever 
1940:71–86; Tolstov 1935b:16; 1948a:295; 
1948b:87; Snesarev 1960:199).Note 137 Much 
attention was given to the bull in religious and 
Iranian epic traditions where the feasts of the 
first Kayanids’ feats took place on the banks of the 
Dātya River, in a country rich in lakes, where the 
first people came on a sacred ox named Srı̄sōk and 
where the hero Yima-Jamsh (Jamshid), according 
to Biruni’s words, “ordered to dig canals” (Tolstov 
1948b:87; Biruni 1957:228).Note 138 According 
to S. P. Tolstov, the mythological image of the 
Turks’ancestor, ‘Oghuz’, in the Turkish language 
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means ‘bull’ and ‘river’, and specially (in the 
form okuz), the Amudarya (Tolstov 1935b:16; 
1948a:295).

The mythological images of ancient Iranian 
legends and the Avesta religious texts, describe 
the struggle of the Aryans as settled farmers and 
pastoralists of Margiana, Sogdiana, Bactria and 
Khorezm (Airyana Vaējah) with the Tura as their 
northern nomadic neighbors (Saka-Massagets 
tribes), reflected the real historical process of the 
spreading of developed agriculture (Bartholomae 
1905:127, 133; Marquart 1901:156; Struve 
1949:149; Abaev 1956:41).

Perhaps a few archaeological sites of the 
Sarykamysh Delta of the early 1st millennium BCE 
are connected to this historical developments. In 
particular, 3 km from Kuyusaygyr, remains of 
a large site of semi-settled herders were found, 
represented by five clusters of rough ceramic of 
‘barbaric type’Note 139 over a total area of 250 × 100 
m (poisk 82). On the site there were many large 
and small cattle bones, as well as a three-winged 
bronze arrowhead with a long shaft of the 7th–5th 
centuries BCE (Tolstov and Kes 1960:179). B. 
A. Litvinskiy (1968:88),Editor 50 referring to K. F. 
Smirnov, dated such arrowheads to the 7th–5th 
centuries BCE. The ceramics, according to E. E. 
Kuzmina, showed great similarity with the molded 
pottery of Southern Turkmenia. These temporary 
herder settlements were widely spread across 
the Sarykamysh Delta, which, in the 7th–6th 
centuries BCE, was a highly watered deltaic area, 
intersected by channels and rich in meadows 
and lakes.

Irrigation Works of Antiquity
Archaic period (6th–5th centuries BCE)
In that period a strong state evolution developed 
in Khorezm, the construction of irrigation systems 
began in the Sarykamysh Delta on the Daudan 
lateral channels (Gulyamov 1957:74; Tolstov 
1958:112; Tolstov and Andrianov 1957:9; 
Tolstov and Kes 1960:182–185). The remains of 
these systems were best preserved in the ancient 
Chermen-yab basin on the left bank of the Daudan 

near the ruins of Kyuzeligyr-kala (see Andrianov 
1958b:312–313: Karta Drevnyaya irrigatsionnaya 
sistema Chermen-yaba – Map of Chermen-yab 
ancient irrigation system). Kyuzeligyr-kala (lit. 
‘ceramic hill’) was already discovered in 1939 
and investigated again by the Khorezm Expedition 
in 1950. In 1953–1954 Kyuzeligyr-kala was the 
subject of a long-term excavation (see 1947a:3–8; 
Tolstov 1948a:77–82; 1948b:93–109; 1953b:318; 
1955b:176–177; 1955c:193–197; 1958:143–
153; Vorobeva 1955:73–74; 1958:329–346; 
1959a:66–84).Editor 51 Based on finds such as 
Scythian type bronze arrowheads, beads, rich 
ceramic material similar to Afrasiab I, Kobadian 
I, Bactria and Margiana, the site of Kyuzeligyr-kala 
was dated to the 6th–5th centuries BCE (Tolstov 
1958:146–149, fig. 56; Vorobeva 1958:344).

The economic activity of the inhabitants of 
Kyuzeligyr-kala was characterized by a com-
bination of regularly irrigated (and perhaps 
irregular kair) farming and cattle-breeding. This 
was proven by the remains of a massive irrigation 
work of that period in the site environs, the 
discovery of an iron sickle and stone millstones 
during archaeological excavations, and numerous 
bones of domestic animals. A special place still 
belonged to bovines. It was evidenced by the 
results of V. I. Tsalkin, who identified bones 
of domestic animals found in the ruins of 
Kyuzeligyr-kala, where they represented 52% of 
the total livestock (including cattle, 40.9%; horses, 
8.9%; camels, 2.2%; Tolstov 1958:150; Tsalkin 
1966:150). According to Ya. G. Gulyamov, the 
inhabitants of this areas grazed animals on the 
plain, were engaged in agriculture, and in case of 
approaching enemies they drove the cattle into 
the fortress (Gulyamov 1957:74).

The site excavations of 1953–1954 led to a 
correction of S. P. Tolstov’s early assumption on 
Kyuzeligyr-kala as a “city with residential walls”. 
However, confirmation of the fact that there 
were no buildings in the inner part main space 
made a valid comparison of this site with the 
Avestan enclosure already advanced in the book 
Drevniy Khorezm (Ancient Khorezm) (see Tolstov 
1948a:79–82, fig. 20, 1958:143–153, fig. 58). The 
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linguist M. N. Bogolyubov suggested a new reading 
of the name ‘Khorezm’ as ‘Country with good cattle 
fortifications’ or ‘Country with good enclosures’, 
supporting the archaeologists’ conclusions. 

The fortification of Kyuzeligyr-kala covered 
a significant agricultural area of the Archaic 
period (6th–5th centuries BCE), extending along 
the Daudan southern channels west and east of 
the settlement.Note 140 In this region the Archaic 
main canals were identified (Figure 42.A). The 
westernmost of them, found in 1952, started in 
the area of Kuyusaygyr (poisk 31, 35, 89) and was 
traced along a narrow channel (50 m wide) which 
had here an east–west direction. The canal was the 
artificial extension of this small channel, which 
was a well-known irrigation method in Bronze 
Age and in some Archaic canals of the right bank 
of the Khorezm (see p. 156).

A large meander of the channel straightened 
the canal in its central part. Almost along its whole 
length (6 km), small mounds (0.5–1.2 m high) 
were preserved on the left bank. At the point, 
where the right bank was preserved, the width 
between banks was 16 m and the overall canal 
width was 25–30 m (Figure 43.1). A few narrow 
ditches departed from this canal, irrigating the 
regions and stretching to the Taygyr, where the 
main riverbed of the Southern Daudan had been 
lain. A test trench was dug in one of the lateral 
branches (poisk 33). Here is the description of 
the horizons: 1) takyr crust; 2) ashy-gray, heavy 
loamy clay with traces of digging, sand in the 
upper part and an uneven border in the lower 
part (agro-irrigation horizon), 0–12 cm deep; 3) 
light-gray, heavy and thin-stratified clay loam 
with rusty spots and weak traces of agriculture 
(lower agro-irrigation horizon), 12–30 cm deep; 
4) alluvial sand with traces of swamping, 30–70 
cm deep. The irrigation layer was 30 cm deep. 
According to finds of Archaic ceramics (without 
any later settlements and irrigation systems) these 
sediments should be dated to the Archaic period.

Different clusters of Archaic ceramics were 
found in many places of this region. Directly near 
the above mentioned canal, which at this point 
ran along the river channel, we found traces of 

an Archaic settlement, with scattered ceramics 
clusters typical of the 6th–5th centuries BCE 
(poisk 31,32, 35, 89, etc.). The collected pottery 
allowed us to date to the same period a wide but 
short (up to 10 km) canal west of Kyuzeligyr-
kala, and several canals to the east. The canals 
branched from the Daudan riverbed almost 
perpendicularly, in a north–south direction, and 
ended after 5–6 km in small branches of the same 
riverbed. The last one likely closed from the south 
a group of narrow deltaic islands, with remains of 
scattered hills (‘rocks’) widespread between the 
riverbeds, topped by ruins of ancient fortresses 
(Kyuzeligyr, Kalalygyr I and II).

The most massive north–south canal, very 
clearly seen from aerial photography (see Figure 6), 
had an overall width of 70 m and 40 m between 
banks (Figure 43.2). In some places, the banks were 
preserved to a height of 1–.2 m. In the central part 
there were visible traces of a narrow bed 12–15 m 
wide, now expressed only by a strand of biyurgun 
bushes. The small irrigation canals branched 
from the main riverbed at right angles, which 
gave the whole system a primitive, angular and 
‘sub-rectangular’ character. In its lower part the 
canal was cut across by Medieval systems with an 
east–west direction. It flowed into a small east–west 
channel, which is preserved and very visible on 
vertical aerial photographs thanks to the typical 
‘wandering fan’ pattern marked by modern soil 
and vegetation (see ‘B’ in Figure 6).

Not far from the canal head there was a 
dispersed site with Archaic ceramics of the 6th–5th 
centuries BCE (poisk 130). The canal started from 
a lateral Daudan channel at the foot of a small 
sandy hill and then veered south between two 
elevations. The location of the canal heads in the 
hard ground between hills, apparently, was not 
causal. It was easy to build stable head works 
there, which would be preserved for a long time 
and would prevent the destructive effect of flood 
water from natural channels. In his research on the 
irrigation of Khorezm, Ya. G. Gulyamov noted the 
importance of selecting the right location for head 
constructions. The head of flood canals always had 
to be constructed in places with stable ground in 
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order to prevent the rapid erosion and the head 
and the system drainage (Gulyamov 1957:239).

As indicated by our archaeological-
topographical study, the head works of the north–
south canals consisted of several head canals 
passing directly over the edge of a fan elevation 
in the hard ground (Figure 42.A). The supplying 
canal, 15 m wide (probably the riverbed latest 
functioning stage) was divided into three branches: 
the western, 35 m wide (15 m between banks); the 
central, also 35 m wide (13 m between banks); the 
eastern, 18 m wide (8 m between banks). If the 
first two canals supplied the main canal bed, the 
eastern one was intended to drain excess water 
away from settlements and fields. This method, 
called bedrau (mufriga according to al-Khwarizmi), 
recorded by Ya. G. Gulyamov in the late Medieval 
irrigation of Khorezm, was apparently known to 
irrigators of the Archaic period, indicating a high 
level of engineering and hydraulic skills.

Thus, the relatively well-preserved canal of the 
6th–5th centuries BCE had a complicated supply 
scheme: riverbed – head works (two) – drainage 
(bedrau) – main canal – feeder – field. The principal 
part of this scheme is to some extent close to 
the Bronze Age irrigation systems, but different 
for its huge size: the main canal 40 m wide was 
an artificial construction. The peculiarities of its 
topography and the sharp difference between 
width and length are explained by the fact that 
the canal connected two east–west channels (a 
method widespread in deltaic irrigation of the 
lower reaches of the Syrdarya) (see pp. 218–219).

Quite unusual was also the other, neighboring 
Archaic canal (poisk 186–191). Its overall width 
was 35 m, 14 m between banks and 2.5 km long 
(see Figure 6). The canal was at the foot of another 
sandy hill. Its central part was 1.5–1.8 m high 
above the takyr in the shape of a flat bank. In the 
lower part there was a fan-shaped branch with a 
whole series of narrow canals (see ‘C’ in Figure 
6). One of them had well-preserved banks under 
sand deposits (poisk 187). Its total width was 8 m 
and approximately 2 m between banks (1 m high). 
Numerous fragments of Archaic ceramics were 
found in these banks and around them.

The bed of the Archaic Chermen-yab, took 
water in the proximity of Kyuzeligyr, where the 
canal was greatly eroded and only one earthen 
wall was preserved on the riverbed bank. It 
should be attributed to the ancient period of 
regular irrigated agriculture. The leveling of the 
canal head revealed that, over a length of 900 
m, its level lowered in the south up to 93 cm. 
Traces of a complex interweaving of bank lines, 
floodwaters, and artificial head works indicated 
its long functioning. The oldest probably even 
dates back to the Kyuzeligyr-kala settlement 
(6th–5th centuries BCE). The abundance of 
Kangju ceramics at the head canals indicated that, 
at a later period, these were the irrigation system 
sources of the Chermen-yab, which watered 
the environs of the Shakh-Senem plateau. The 
cultural layers in the environs of Kyuzeligyr-kala, 
dated to Antiquity and the Middle Ages, covered 
almost entirely the central part of this irrigation 
system. Only the margins of irrigation systems 
were preserved, little affected by later cultures.

The Archaic canals of the Chermen-yab basin 
greatly resembled the former riverbeds of the 
Bronze Age, adapted for irrigation and similar to 
the Archaic canals in the environs of Bazar-kala 
(see p. 157).

Quite interesting is the evaluation of labor 
cost required to construct these Archaic canals 
in the Chermen-yab basin. The above described 
north–south canal was 2.6 km long and 50–70 m2 
in cross-section. In order to dig such a massive 
bed, build the head works and dig the canals, 
it was necessary to remove about 130,000–
180,000 m3 of soil. This work could have 
been carried out by 1,500 people in 30–40 
days. To build the neighboring, smaller sized 
canal (poisk 185–190), 200 men were required 
for 50 days. In the environs of the canals 
clusters of pottery of the 6th–5th centuries BCE 
were recorded, indicating remains of Archaic 
sedentary agricultural settlements, in which no 
more than one or two hundred people could 
have lived. 

Remains of irrigation systems and sites of the 
Archaic and early Kangju period were found in the 
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area between the Southern and Northern Daudan 
rivers. In particular, a north–south Archaic canal 
(20 m wide), and remains of a fortified settlement, 
with Archaic and early Kangju material were 
discovered 10 km east of Mangyr-kala (poisk 650, 
653, 655).

More sophisticated and vaster in size are the 
early Antique systems in the environs of Kunya-
Uaz, amongst which a huge Archaic canal which 
also functioned in the later Kangju period, 50 
km long and 70–75 m wide (Figure 42.B). The 
sources of the ancient canal were located on a 
lateral small channel of the Daudan. The canal 
was directed towards the ruins of Turpak-kala and 
then it continued to Tuzgyr along a small channel. 
Its continuation north of Tuzgyr was a natural 
riverbed. Traces of sites and clusters of ceramics 
of the Early Kangju period were found in the canal 
and in the small irrigation network.Note 141

In its upper part the canal was largely 
destroyed and covered by later systems. In the 
area of the ruins of the Kunya-Uaz fortress (whose 
lower layers seem to be dated to the Kangju 
period) the canal flowed along the banks of the 
Southern Daudan. Its width was more than 40 m, 
70 m including its banks (Figure 43.3). Here these 
banks were preserved for a height of 0.75–1 m. In 
many places the canal was cut across by narrow 
Medieval ditches. Next to the canal, traces of an 
Archaic settlement with a rich accumulations of 
Archaic ceramics were found (poisk 258, etc.). 
South of the ruins of Turpak-kala, this canal was 
preserved with the same general width, i.e. about 
70 m (Figure 43.4). The better preserved banks 
are 2.5–3.0 m high above the takyr and 45 m wide 
between each other. The narrow Medieval ditch 
was visible in the central canal area (poisk 420). 

In the lower part, below a large branch in the 
direction of the ruins of Turpak-kala, the canal 
sharply reduced its size. It was approximately 
40 m wide and 20 m between banks (poisk 289) 
(Figure 43.6); in its lowest part, it was 32 m wide 
and 12 m between banks (poisk 572). Here, next 
to the canal, was found a small fortified square 
settlement 80 × 80 m. Its corner walls were barely 
discernible, traces of rounded towers along the 

walls and visible remains of a circular corridor 
were perceived. The walls were made of adobe 
bricks 45 × 42 cm in size. Ceramics were spread 
along the walls, and the room layouts were visible 
in places. After studying the collected surface 
material in 1953, M. G. Vorobeva dated the site 
to the late Archaic period.

In 1965, B.I. Vaynberg found at this site early 
Kangju material, proving that the surrounding 
area irrigating system functioned in the 5th–early 
4th centuries BCE.Note 142 As we know, the lower 
layers of Kunya-Uaz were dated to the Kangju 
period (Nerazik 1958:371). The settlement was 
located in the upper canal area, and perhaps at 
that time it was already a large settlement. The 
large Archaic, Kangju and Kushan canals were 
found in its surroundings (see p. 196).

In its middle and lower parts, the Archaic 
Kunya-Uaz canal ran for a long distance very 
close to the Southern Daudan (see Figure 42.B). 
On one side of the river the irrigated area was 
controlled by a dam, some sections of which are 
preserved with earthen walls 3–5 m high and a 
peculiar horseshoe-shaped construction (60 × 
30 m), its function unclear. The chronological 
correlation between canal and dike is unclear, 
although fragments of archaic vessels (poisk 416) 
were found on the latter. On a small section of 
the canal (between poisk 412 and 414), the dike 
was very close to the canal and it was located 
along its destroyed southern edge. This creates the 
impression that the dam was more recent than the 
canal itself.Note 143

At poisk 415 the dam was cut across by a small 
canal covered with Early Medieval ceramics, thus 
the dam was probably older than it. It is possible 
to assume that it was built in the late Kushan 
period, when channels of the Sarykamysh Delta 
were highly watered and when the level of the 
Sarykamysh Lake rose. Water was drained into 
the Uzboy, then the Igdy-kala was built on an 
irrigation riverbed in the 4th–5th centuries (see 
Tolstov 1962a:235).

The dam was constructed to protect fields 
and settlements against destructive floods. Traces 
of floods are still visible south of the bank along 
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the Daudan in the shape of fan-shaped lines of 
vegetation, and sand spits very clearly seen in 
vertical aerial photographs. These lines are very 
close to the canal and the protective dike. The 
dam had two banks in the environs of the ruins 
of Turpak-kala (poisk 410) and the second, less 
massive bank surrounded a large oval shaped 
hollow depression which was, without any doubt, 
an artificial basin 600 × 300 m in size. Its bed is 
now 1–0.8 m lower than the surrounding takyr. On 
the banks there were traces of standing water. In 
the basin there were no traces of Medieval pottery 
but, instead, very abundant Archaic and Kangju-
Kushan ceramics. There is reason to believe that 
this basin was directly connected with the whole 
protective system complex of Antique irrigation 
and it is a very interesting prototype of modern 
protective lakes placed between rows of dams on 
the Amudarya.

The dams in the region of Kunya-Uaz are 
impressive ancient monuments of Khorezmian 
farmers’ struggles against river floods natural 
forces. Similar dams were also described by R. 
J. Forbes regarding Sumerian irrigation (Forbes 
1955, Vol. II:17). He also mentioned Polycletus’ 
story about the activities of Babylonian rulers, 
under whose guidance protective dams were 
constructed in Mesopotamia. I.E., “in order to 
maintain high water and, on the contrary, to 
prevent the filling of canals, which is caused by 
the accumulation of silt, by cleaning the canals 
and opening the mouths. Although the cleaning 
of the canals is not difficult, the construction of 
dams demanded a lot of manual labor” (Strabo 
XVI, 1, 10).

The Russian travelers of the early 19th century 
reported on the protective dams in the Khiva 
Oasis. They wrote about banks “as high as a person 
and more”, built around lakes and along channels 
“near where they located the arable land”. With 
the destruction of the dams “all the neighboring 
inhabitants immediately came running to close up 
the breach” (ZJ 1838, N. 6:330–332).

Returning to the description of the Archaic 
and early Kangju periods canal of Kunya-Uaz, it 
should be noted that the capacity of its transverse 

flow in the upper part (up to 45–40 m) and the 
narrowing of its branched large distributors, 
provided the canal water with the necessary speed 
for gravity irrigation. The system is characterized 
by angular ‘sub-rectangular’ layouts. Minor small 
networks of ditches were rare and insignificant. 
Knowing the cross-section of the canal in its single 
parts, it was possible to calculate the amount of 
labor for its construction and exploitation. The 
volume of removed soil was, perhaps, 1,600,000–
1,750,000 m3. In order to accomplish such 
work, an army of 12,000–14,000 diggers for 50 
days were needed. Cleaning up the canal could 
have demanded 5,000–6,000 diggers, which 
would have required centralized action over the 
whole oasis. The organization of such large-scale 
irrigated farming was possible only through the 
exercise of state power.

The creation of such a huge irrigation system 
in the late Archaic and early Kangju periods on 
the right bank of the Daudan, is evidence of a 
significant efforts of the Khorezmian rulers in 
organizing large-scale irrigation agriculture in the 
period beginning the Achaemenid Empire and 
after its end (early 4th century BCE).

The beginning of construction of the colossal 
fortress of Kalalygyr-kala I by the Iranian 
Achaemenid on the southern (left) bank of the 
Daudan riverbed, opposite the sources of the 
canal described above, took place between the 
5th and 4th centuries BCE.Note 144 According to 
S. P. Tolstov, the construction of the rest of this 
unfinished fortress was aimed to ensure the 
Achaemenid invaders access to the irrigation 
systems close to the Khorezm citadels, both on 
the left (Chermen-yab system) and the right banks 
of the South Daudan (the Kunya-Uaz canal). 
The attempt to erect the fortress could also be 
ascribed to the Achaemenids’ system of events 
which are reported in the famous story about 
the Achaemenid king’s irrigation policy (Tolstov 
1955b:198; 1958:167).

In concluding the review of the Archaic 
irrigation systems on the left bank of the Khorezm, 
many similarities to the coeval irrigation of the right 
bank of the Amudarya should be noted. On the 
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‘lands of ancient irrigation’ of the left bank of the 
Khorezm, the progress in irrigation technology is 
also noticeable. Here main canals were identified 
as continuations of fading former riverbeds (around 
Kuyusaygyr), large (from 20 to 40 m) and short 
canals (around Kyuzeligyr-kala), connecting the 
east–west channels with head works excavated in 
the hard ground, and huge late Archaic systems 
(environs of Kunya-Uaz) tens of kilometers long, 
with angular ‘sub-rectangular’ layouts of lateral 
channels repeating the meanderings of delta 
channels. There are some clear differences: the 
branch-shaped systems of the Archaic Kelteminar 
type were not seen on the left bank, and on the 
right bank there were no wide north–south canals 
connecting the delta channels.

The most extensive construction of large 
irrigation systems took place in the Sarykamysh 
Delta territory and on the Khorezm right bank 
during the Kangju (4th century BCE–first 
centuries CE) and especially in the Kushan 
(until the 4th century BCE) periods. At that time 
began the process of reducing the number of 
individual small canals and combining them into 
more massive systems. The heads of canals were 
moved increasingly upward along the flow of large 
channels to the main riverbed of the Amudarya 
(Gulyamov 1957:67).

This process was clearly traced in the 
Chermen-yab basin, where the Archaic and early 
Kangju main canals, starting from the Northern 
Daudan, had a predominant north–south direction 
(Andrianov 1958b:327). On the other hand, late 
Kangju, Kushan and Kushan-Afrigid systems had 
their origin further upstream (see Figure 42.E) and 
had an east–west direction. Their sources extend 
to the contemporary cultivated zone.

In the basin of the Chermen-yab we identified 
canals of the early Kangju period, not united into 
a unique system and irrigating separate regions in 
the plateau between Kyuzeligyr-kala and Kalalygyr-
kala I, as well as some areas located east along the 
bank of the Southern Daudan. There, the ancient 
irrigation merged, and partially was covered by 
Medieval irrigation networks (see Figure 42.I). A 
series of head works and an irrigation system, dated 

to the early Kangju period, were discovered east of 
the Kalalygyr-kala I elevation in the low left bank of 
the Daudan. The period the canal functioned, may, 
coincide with the short-lived ancient settlement of 
Kalalygyr-kala I.

The layout of irrigation systems of this period 
was characterized by more advanced branch 
shapes which, however, maintained a certain 
angularity, typical of the Archaic irrigation. The 
irrigation was based only on freshets; wide and 
shallow canals depended only on channels water 
levels and floods. Much water was supplied to the 
fields while excess water was drained into lower 
areas and adjacent channels beds.

The head works were especially interesting. As 
mentioned above, the Archaic irrigation systems 
on the left bank of the Khorezm had complicated 
head works in the form of multiple riverbeds (poisk 
130). Special dam-shaped constructions were 
found in the early Kangju canals east of Kalalygyr-
kala I (poisk 224, 396, 398). The dams directed 
the channel water into the canal and protected its 
upper part from erosion (see Figure 42.H).

For example, the canal diverted from the 
riverbed 1 km east of Kalalygyr-kala I (poisk 396) 
had a general width of more than 20 m. Nowadays, 
it is marked only by vegetation and microrelief. Its 
central part is denser and darker. Near the bank 
slope of the Daudan, canal heads were designed 
with a dam-shaped construction in the form of a 
flat bank covered by a layer of clay takyr. This bank, 
5 m wide, was built up on both sides of a funnel-
shaped depression on the riverbed bank. It was 
used to direct running water into the canal and to 
protect its heads against erosion. The general bank 
width of the canal’s head was 16 m. We traced 
it down to the southern end of Kalalygyr-kala I 
elevation (poisk 115,116), where we discovered 
rare finds of likely Kangju pottery on the banks 
of the canal. The general length of the canal was 
approximately 2 km.

Adjacent to them, another canal with a general 
width of 30 m was marked by a flat bank 1–1.2 m 
high above the surrounding takyr. In the middle 
and in its lower part, the canal was eroded and 
marked only by microrelief and vegetation. In 
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some places bank remains 0.5–0.6 m high were 
preserved. Its head construction rose above a 
large wind eroded hollow in the shape of two 
horseshoe-shaped dams directing the river waters 
into the canal. Its length was 2.5 km. Branches 
were very rare. 

An example of a multi headed canal source 
could be found in the Kangju canal head con-
structions on the right bank of the Daudan (poisk 
209, 210). At least three heads, in the form of takyr 
clay strips (10–15 m wide) originated in the vast 
hollow of a dispersed riverbed, preserved here 
(see Figure 42.H).

The Daudan riverbed divides into the Northern 
and Southern Daudan 5 km east. There were very 
suitable conditions for the construction of main 
canal heads, in particular we discovered the head 
works of the Kangju-Kushan and Early Medieval 
systems, which irrigated the environs of Kunya-
Uaz in Antiquity and the Middle Ages.

The remains of an Antique canal massive head 
work, situated on a steep bend on the banks of 
the Daudan (poisk 224, 215), were particularly 
interesting. Its head works were connected to 
outcroppings of hard rock. Here were the most 
optimal conditions for constructing the heads 
of flood canals. They conform to the conditions 
reported by Ya. G. Gulyamov, which are: 1) the 
stability and hardness of the ground; 2) constant 
and moderate water flow at this point; 3) cor-
respondence of chosen point to some other 
old source (Gulyamov 1957:239). The head 
construction of canals irrigating the environs of 
Kunya-Uaz shows that, already in ancient times (in 
the first centuries BCE), the Khorezmian irrigators 
knew well the technique for hydraulic devices and 
for managing large main canal sources. 

Thus, already at the beginning of agriculture, 
there appeared in Khorezm (see p. 148), skills 
in building head-water regulating facilities 
which were further developed in Antiquity, 
in the Archaic and, especially, in Kangju and 
Kushan periods. This is clearly illustrated by the 
above described structure, preserved by lucky 
coincidence on the banks of the dry riverbed of the 
Daudan. Most of the ancient head parts of canals 

were either washed away by the stormy waters 
of the Amudarya, or rebuilt after the sources to 
the main riverbed moved, or were destroyed by 
farmers in the Middle Ages.Note 145

Chermen-yab
Historical changes in the topography of irrigation 
systems in Antiquity, i.e. the reduction in number 
of single small canals and combining them into 
unique massive systems in the Kangju, and 
especially in the Kushan periods, were traced in 
the basin of the Chermen-yab. These are described 
as follows (see Andrianov 1958b:312–313: Karta 
Drevnyaya irrigatsionnaya sistema Chermen-yaba – 
Map of Chermen-yab ancient irrigation system).

Over different periods the canals of this system, 
followed branches of the dry riverbeds of the 
Daudan, the Tunydarya or the Kangadarya.Note 146 
They pursued the northern edge of the Kyzylkum 
sands for their whole length of 150 km from the 
contemporary oasis (environs of Zmukshir or 
Zamakhshar) to Kangagyr, where are the ruins 
of the Kanga-kala fortress (mid-1st millennium 
BCE – 4th century CE).

West–northwest of the fortress, during the 
field work of 1954, directed by S. P. Tolstov, a 
small irrigation network, with the head in the 
main Kangadarya riverbed washing the Kangagyr 
promontory, was found. The extant period of this 
system coincided with the fortress. The irrigation 
network was characterized by a ‘sub-rectangular’ 
shape. The canals were 1.7 m wide, their direction 
west–northwest, and they were cut across by 
canals 2.4 m in size between banks (Tolstov and 
Kes 1960:191).

The archaeological-geomorphological investi-
gation in the Kangadarya lower reaches showed 
that its channels formed a kind of small ‘delta’ 
and the whole plain was cut across by riverbeds 
and canals. The fortified settlements of that period 
coincided with the hills. These are the above 
mentioned Kanga-kala and Gyaur-kala I, built on 
slopes and elevations, and towering over the vast 
farming environs (Tolstov 1941, 1948a:95) (see 
Figure 54).

During our archaeological-topographical 
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research in 1952–1953, some Kangju and Kushan 
sites were discovered there, along with several 
small north–south early Kangju canals.Note 147 
These canals were connected and straightened by 
the later main canal branching from the channels 
of the Tunydarya, 15 km northeast of Gyaur-kala, 
and were built along the hills (see Andrianov 
1958b:312–313: Karta Drevnyaya irrigatsionnaya 
sistema Chermen-yaba – Map of Chermen-yab 
ancient irrigation system)

 The total system length of the lower Chermen-
yab was approximately 40 km. In the upper part 
on the bank of the Tunydarya, the canal was 
marked by a massive bank 40 m in size (poisk 
55). Small (1 m high) bank remains were also 
preserved. The width of the canal at this point was 
more than 100 m wide. The canal followed the 
riverbed bank in a southwest direction with only 
rare branches directed right. At 10 km from the 
head its overall width was more than 55 m and 
25 m between banks, which were 2 m high. Then 
the canal encircled the elevation and changed its 
direction veering west and even west–northwest.

At this point (poisk 4, year 1952), a huge canal, 
53 m wide and 32 m between banks, branched 
from the Chermen-yab. Its banks rose only 30–50 
cm above the takyr. The canal began near the 
Chermen-yab, directed west, and drained into 
the main riverbed. The overall length was 2 km. 
The unusual relationship between length and 
width of this canal, as well as its topographic 
location, forced us to suppose that it was not an 
independent irrigation canal, but played the role 
of a regulating-diverting canal (bedrau or mufriga), 
to drain excess floodwater from the main bed of 
the Chermen-yab (see Gulyamov 1957:240). A. I. 
Glukhovskoy had already noted that “arbitrarily 
increasing or decreasing this consumption, a 
Khivan could use the amount of water required 
for irrigation” (Glukhovskoy 1893:18).

The draining canal was used to regulate 
floodwaters. It should be dated to the Kangju 
period. This is confirmed by archaeological finds, 
in particular by fragments of many Kangju khum 
dated to the 4th–3rd centuries BCE (Andrianov 
1958b:319).

Here began the vast ancient ‘oasis’ of Gyaur-
kala. Numerous traces of dwellings and farms, 
covered by Antique ceramics and remains of 
ceramic production, filled the entire space along 
the Chermen-yab riverbed and its numerous 
branches. In this location the Chermen-yab canal 
was 16–18 m wide between banks (Figure 46.25). 
The banks were no more than 2–2.5 m high. A 
lateral canal, making a large loop at the height of 
Gyaur-kala, branched off the Chermen-yab 3 km 
from the Gyaur-kala fortress. Then, after 1 km, 
a small straight canal, directly connected with 
the Gyaur-kala fortress began irrigating lands on 
the right.

A small canal of later origin, which cut across 
the main riverbed in several places, was built 
on the left along the main bed of the Chermen-
yab. It was 10–12 m wide. The right bank of 
this canal was the bank of the main channel of 
the Chermen-yab (see Figure 43.24). Smaller 
distributors branched from this channel on all 
sides and in one (Point 17,3X), traces of ceramic 
production and remains of settlement were found. 
The archaeological materials collected were dated 
by M. G. Vorobeva to the 2nd–3rd centuries, and 
this enables us to date the construction of the 
narrow canal to the Kushan period.

Several canals branched right from the main 
bed of the Chermen-yab toward Gyaur-kala. 
The first canal was 12 m wide between banks, 
the second only 9 m and the third, by capacity, 
was not inferior to the main bed, and it was 20 
m wide between banks. The system of canals 
branching from the main bed of the Chermen-
yab north of Gyaur-kala I gradually ended in 
drainage canals and natural depressions. The 
last drainage was found 3 km from the fortress. 
The main bed continued further west toward 
the Tarymkaya piedmont. The main canal of the 
Chermen-yab near Tarymkaya was approximately 
50 m wide and 25 m between banks (poisk 102). 
Below the promontory at the southwestern end of 
Tarymkaya, the canal broadened up to 70 m and 
30 m between banks (poisk 105). Its banks were 
2.5–3 m in preserved height. The canal flowed 
into the channel.



193The Sarykamysh Delta

The irrigation network of the Gyaur-kala Oasis 
occupied more than 3,000 ha and was rebuilt 
several times. Our archaeological-topographical 
research revealed several stages: 1) the short 
main canals which can be linked to the Kangju 
period; 2) construction of the larger Kangju main 
canal with sources in the Tunydarya, and general 
expansion of the irrigated area; 3) the heyday 
period of the settlements of Gyaur-kala I and 
II, and the beginning of the gradual reduction 
of the irrigated area. At that time a narrow 
lateral canal (dated by archaeological finds to 
the Kushan period) was built, as well as the 
Chermen-yab main canal by merging together 
short independent systems. This over the vast 
territory from Gyaur-kala in the southwest to 
Kyuzeligyr and Kyunerli-kala in the east, within 
the limits of the contemporary cultivated zone for 
a total length of more than 150 km.

The Shakh-Senem sector of the ancient system, 
located next and upstream of the Chermen-yab, 
also preserved traces of several reconstructions. 
Its width was less than 30 m and 11 m between 
banks (Figure 43.23–24). Further upstream, the 
overall width of the canal narrowed to 25 m and 
9 m between banks. The main canal preserved its 
width in the environs of the ruins of Shakh-Senem 
(see Andrianov 1958b:317–318, figs. 2, 7–11). In 
some places the banks were severely eroded and 
their height did not exceed 1 m. In contrast, in 
other places the banks were well preserved and 
rose 3–4 m high above ground. The canal bed 
was heavily covered with sediments and recorded 
much higher, 1.5–2 m than the surrounding takyr.

The fortress of Shakh-Senem was the center of 
this region, which was identified by S. P. Tolstov 
(1941:181, 1948a:107) as the Medieval city of 
Suburna, located, according to al-Asir, 20 farsakh 
(150 km) from Urgench (MITT 1939:404; Bartold 
1965:171). He supposed that this name was of 
Turkic origin and could be deciphered as ‘cape 
of water’, corresponding to the topography of 
this narrow wedge of irrigated land surrounded 
by deserts (Tolstov 1958:219; 1962a:260). In 
1952, a team of the Khorezm Expedition (directed 
by Yu. A. Rapoport) carried out archaeological 

excavations in Shakh-Senem, ascertaining that 
the site arose in the late 1st millennium BCE 
and lasted until the end of the Kushan period. 
In the Afrigid period it fell into decay, but in the 
10th–12th centuries it became again a city, that 
died after the Mongol invasion. There was an 
attempt to revive the city in the late 14th century 
(Rapoport 1958:419–420).

The ancient irrigated cultivated area of the 
Shakh-Senem Oasis started 4 km north-east of the 
fortress, where the main bed of the Chermen-yab 
is thoroughly covered by sand and only the highest 
banks are detected on the ground at a distance 
of 16–20 m from each other (see Andrianov 
1958b:313–317). Here the main canal had a 
branch on the right, from which started a dense 
network of a secondary ditches (Figure 47).

The source of water in the beginning of 
farming culture was the lateral channel of the 
Daudan, in particular the Kangadarya riverbed. 
In vertical aerial photographs this riverbed could 
be traced quite clearly through the network of 
canals and small agro-irrigation layouts, in the 
shape of sinuous meanders marked by sand 
accumulation in the modern landscape (see 
Andrianov, Bazilevich and Rodin 1957:523, fig. 
3). The canals branching was conditioned by the 
direction of the ancient hydrographic system: an 
arm of the channel flowed northwest, the other, 
turned southwest. The ancient canals followed 
their direction (see Figure 47).

The zone of irrigated lands broadened as 
it approached the ruins of Shakh-Senem, with 
ditches diverted from the right branch of the 
Chermen-yab canal. One kilometer from the 
fortress, almost at the point of contact with the 
main riverbed of the Chermen-yab, the right 
branch changed its direction deviating west. 
The triangle space between these two canals 
was covered with numerous ruins of ancient and 
Medieval dwellings.Note 148

The right branch of the Chermen-yab was less 
wide than the main riverbed: it was 19–20 m wide 
and 9 m between banks. The canal banks were 
not always well preserved, but often they exceed 
the banks of the main bed of the Chermen-yab. 
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The canal rounded the fortress from south. Here 
the canal was 19 m wide and 9 m between banks. 
West of Shakh-Senem (poisk 26) the canal was 
covered with sediments, but preserved its width 
of 9 m between banks and stood high above the 
surrounding terrain. At a distance of 1 km from 
the fortress, and branching from the canal was 
a largely eroded riverbed 3 m wide, dated by 
ceramics to the Kushan period. The surrounding 
area near the bed of this canal took the shape of 
a flattened elongated bank 0.7–1.25 m high above 
the ground. Three kilometers from Shakh-Senem, 
traces of the irrigating canal were lost and merged 
with banks of the old riverbed.

As mentioned above (see p. 81), soil studies 
were carried out in the environs of Shakh-
Senem (see Andrianov, Bazilevich and Rodin 
1957). Analysis of the ground test trench and 
archaeological survey enabled us to identify a 
series of agro-irrigation layers differing from each 
other. According to its morphological peculiari-
ties, the lowest agro-irrigation layer was formed 
in the period of the primitive kair or estuary 
agriculture; the middle layer, the most massive, 
was linked to regular, irrigated farming during its 
functioning in the Kangju-Kushan period of the 
Chermen-yab. The upper layers were dated to the 
10th–early 13th centuries. After that, the Shakh-
Senem ‘oasis’ ceased to exist and the process of 
desertification began, turning the cultivated soil 
into takyr and sand (see Figure 41: Section 48). 
The soil morphology reflected the number of  
history stages and the landscape evolution going 
from active riverbed to marsh-tugai kair, to farming 
oasis and the final return to a desert landscape in 
the ‘lands of ancient irrigation’.

North of the Shakh-Senem ‘oasis’ we dis-
covered another massive main canal, perhaps 
functioning in the Kangju-Kushan period. It ran 
from northeast to southwest at the foot of a sandy 
elevation and could be traced for a length of 30 
km. Its general width was 35–40 m. Its origins 
were located in the area of the Kuyusay plateau, 
where the ancient canal was deepened anew in 
the Middle Ages, so it had a typical double profile 
and high banks.

The general direction of the canal was parallel 
to the main bed of the Chermen-yab. It rounded 
the Shakh-Senem plateau from northwest and 
flowed southwest, reaching Gyaur-kala II after 10 
km. Here it could be traced with great difficulty on 
the flat takyr surface. In the lower part, its overall 
width was 18–19 m and 9 m between banks. 
Moving upward, the canal widened. At poisk 14 
(26 September 1952) its width was 24 m and 10 
m between banks. The canal was largely eroded, 
its banks rose as low hillocks on one side or the 
other. The general direction was well outlined 
by vegetation. Upstream the width increased. At 
poisk 10 (26 September 1952) its overall width 
was 28 m and 15 m between banks. At the foot 
(bottom) of the Shakh-Senem plateau the canal 
was 32 m wide and 18 m between banks (poisk 4, 
26 September 1952). In its middle part, north of 
the Shakh-Senem plateau, the canal widened to 
37 m. Here traces of small canal networks were 
quite numerous. Individual canals could be traced 
for 1–1.5 km on both sides of the canal. Rare finds 
of Kangju pottery were found on the irrigation 
ditches (poisk 10–15, 26 September 1952; poisk 
29, in 1953). Moving upstream, the relative level 
of the canal riverbed above ground increased. The 
irrigated territory were located mainly right of the 
riverbed, whose overall width was more than 40 
m and 25 m between banks.

The main Kangju-Kushan bed of the Chermen-
yab was traced east of the Kuyusay plateau, 
stretching in an east–west direction and almost 
merging with the high sands of the Kyzylkum. 
In the southern outskirts region of the Kuyusay 
plateau, in 1953, thanks to aerial photographs, 
we discovered a large fortification (Kuyusay-kala) 
which was dated by S. P. Toltsov from the 1st 
century BCE to the 2nd–3rd centuries CE (Tolstov 
1958:70; Andrianov 1958b:313).

In its lower parts, the Kuyusay’s section of the 
main canal was connected with the Shakh-Senem. 
The canal was almost fully covered with sediments 
and visible only as a low wall-shaped elevation 
(poisk 42). Its total width was approximately 
30 m (see Andrianov 1958b:315:fig. 2). In 
the canal there were a large number of very 
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small Antique ceramics of little importance. In 
several places it was crossed by narrow Medieval 
ditches, along which the ruins of Medieval bricks 
dwellings were found. Near them there was much 
Medieval pottery, fine glass and traces of ceramic 
production. Here the ancient Chermen-yab had 
a more definite shape. Its overall width was 
32–33 m and 14–15 m between banks (poisk 8). 
In the area where roads crossed the canal (poisk 
11, 4, 10, 1952), its overall width was 32 m and 
12 m between banks (see Figure 43.24).

Upstream the riverbed of the Chermen-yab 
ran between huge sand dunes, at which bases 
there were rock outcrops. In the west rose the 
Kuyusay-kala plateau and in the east the high sand 
dune of the Karakum (poisk 2–4, 24 September 
1952). Here the overall width of the Chermen-yab 
was more than 50 m and 18 m between banks 
(poisk 4, 24 September 1952). The canal was 
filled with sediments and rose 2–3 m above the 
surrounding takyr. In the upper part, between two 
elevations, the Chermen-yab had two beds, the 
largest exceeding 50 m in its overall width and 20 
m between banks (see Figure 43.26), the smaller 
bed was 11 m wide between banks.

The investigation in the environs of Kyzylcha-
kala revealed that the ancient badly damaged 
canal, situated at the foothill where the ruins rose, 
did not function in the Middle Ages (poisk 25, 6 
October 1952). Its overall width was more than 
37 m and 14 m between banks (see Andrianov 
1958b:315:fig. 2). At 1.5 km south of Kyzylcha-
kala, traces of an ancient settlement were found 
near the canal, and an almost intact vessel dating 
to the Kushan period was discovered (poisk 22, 6 
June 1952). This finding, as well as the abundant 
surface ceramics collected were the evidence of 
intensive life in the environs of Kyzylcha-kala 
during the Kushan period.

As we noted above, in the Archaic and early 
Kangju periods, the main canal of the Chermen-
yab had, apparently, its sources near Kyuzeligyr-
kala. Throughout the Kangju period there was a 
reduction in the number of short independent 
canals, taking water directly from the Southern 
Daudan channels and the establishment of a 

longer main irrigation canal (see Andrianov 
1958b:327; Gulyamov 1957:91).

In the basin of the Chermen-yab, numerous 
independent main canals, receiving water from 
lateral channels, were merged into one massive 
system, whose sources were later gradually moved 
further upstream. In particular from Kyuzeligyr-
kala to the environs of Kalalygyr-kala I, to the 
bend of the Southern Daudan and perhaps even 
to the environs of Kyunerli-kala and the ruins 
of the Medieval city of Zamakhshar, within the 
limits of the contemporary cultivated zone (see 
Figure 42.E).

The process of reconstructing its irrigation 
systems can be traced not only in the middle and 
lower parts, but also in the Upper Chermen-yab, 
near Kyunerli-kala. This latter system was dated 
by S. P. Tolstov to the Kangju period (Tolstov 
1948a:100–102). At the foot of Kyunerli-kala we 
recorded the bed of a highly destroyed canal 30 
m wide, whose banks were barely preserved. Its 
central part, apparently the bed of a later canal, 
was 6 m wide (see Figure 43.9). Downstream, this 
canal was slightly better preserved in the form 
of a flat bank 50 m in size, covered with small 
Kangju pottery fragments (poisk 754, 761–765, 
year 1959). This canal clearly had its origin in a 
small meandering ancient channel with a general 
north–south direction (Zeykash?).

Through vertical aerial photographs of the 
heavy sand area, we were able to identify another, 
parallel, canal branching from the north–south 
riverbed (poisk 756–759, 761). About 4 km north 
of Kyunerli-kala, this canal was traced in the 
irrigation area of Khorezmshah and preserved in 
the shape of two banks 1.5 m high above the takyr 
and 16 m wide between banks. The general width 
was 45 m (see Figure 43.12). The canal was traced 
5 km northwest of the fortress. The area of the 
Chermen-yab Medieval main systems was plowed. 
Perhaps this canal served for a certain period of 
time as a source of the Chermen-yab system.

The upper reaches of the massive Kangju-
Kushan bed of the Chermen-yab were discovered 
and studied in the environs of the ruins of the 
Medieval city of Zamakhshar (Zmukshir), at which 
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base there is a more ancient fortress (Voevodskiy 
1938:235–245; Tolstov 1941). A series of badly 
damaged main canals of different periods were 
traced 1 km north of the fortress. In one of them 
(poisk 691) there were no Medieval ceramics 
but many fragments of Kangju-Kushan pottery. 
The general width was ascertained with great 
difficulty, since the banks were highly destroyed. 
The canal was no less than 30–35 m wide. The 
main bed of the ancient Chermen-yab was better 
preserved in some places in the west area. Its 
overall width was 40–60 m and 9 m between 
banks (poisk 732, 751). In this canal there were 
only Kangju and Kushan ceramics.

The study of individual sections of the Kangju-
Kushan bed of the Chermen-yab around Kyunerli-
kala and Zamakhshar, proved S. P. Tolstov’s 
hypothesis that, during the Kushan period, the 
individual main canals were combined into  
one system.

Antique mesopotamian Systems between  
the Northern and Southern Daudan
On the right bank of the Southern Daudan Basin, 
during the Kangju and Kushan periods some 
reconstructions were carried out in the basin of 
a massive Archaic canal about 50 km long. These 
were evidenced by many individual system parts 
of that time, revealed east of Kunya-Uaz in the 
territory between the ruins of this fortress and 
the large dry riverbed of the Daudan. The whole 
territory was covered with moving sand, traces 
of a dense network of ancient and Medieval 
canals, small distributors and fields. The surface 
materials collected from these sites allow us to 
date traces of agricultural activities to life of the 
site even later.Note 149 Excavations carried out by a 
team of the Khorezm Expedition (directed by E. E. 
Nerazik) revealed cultural layers from the Kangju, 
Kushan, Kushan-Afrigid periods, a break in the 
6th–8th centuries and an upper layer of the 9th 
century (Tolstov 1948a:118; 1958:216; Nerazik 
1958:369–393).

The study of ancient irrigation systems in the 
area between the two rivers, and between the 
channels of the Northern and Southern Daudan, 

indicated that on this territory the most ancient 
canals (Archaic and Kangju), branching directly 
from the Northern Daudan, had mostly an 
approximate north–south direction, connecting 
the channels of the Northern Daudan with those 
of the Southern Daudan. On the contrary, the 
Kushan and Kushan-Afrigid main canals 
branched from the upper reaches of the Daudan, 
within the limits of the modern cultivated area, 
and were built in an east–west direction following 
the main slope and large riverbeds of the 
Sarykamysh Delta.

As seen above, nearly the same location of the 
early Kangju and the late Kushan main canals 
were recognized in the basin of the Chermen-yab.

Several main canals were investigated in the 
environs of Mangyr-kala located on the sandy hills 
of the Northern Daudan right bank. A fortress 
was dated by S. P. Tolstov approximately to the 
Kushan and Kushan-Afrigid periods (Tolstov 
1953:22).Editor 52 The north–south main canal (poisk 
650, 654), beginning at the large bend of the 
Northern Daudan 10 km east of Mangyr-kala, was 
more than 40 m wide and 20 m between banks. 
Another canal, near which a large Archaic fortified 
settlement was revealed, started parallel to it (see 
p. 188). Traces of another, straight ancient canal 
were found on the opposite bank, very close to the 
Mangyr’s elevation. It was preserved as a flat bank 
50 m in size, covered with small pottery fragments 
dated to the Kangju and Kushan periods (poisk 
344). Kushan finds prevailed, corresponding to 
the lifetime of the Mangyr-kala settlement, which 
was the center of a vast agricultural district. This 
canal was crossed by ditches of the Golden Horde 
period (poisk 341, 342, 345,346, 349–351).

About 16 km southwest of Mangyr-kala there 
were ruins of the large Medieval settlement of 
Yarbekir-kala (see Figure 44), which, according 
to the stratigraphic excavations of 1958 (headed 
by N. N. Vakturskaya), was already built in the 
Kangju period (see Tolstov 1947b:92; 1953b:314; 
1958:22; Vakturskaya 1963:41–45).

In its environment we identified many ancient 
canals, which mainly had an east–west direction 
(see Tolstov 1962a: Karta Zemli drevnego orosheniya 
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i nizovyakh Amudari i Syrdari – Map of the ‘Lands 
of ancient irrigation’ in the Lower Amudarya 
and Syrdarya). They are an extension of systems, 
whose origins were located north of Kunya-Uaz 
(see Figure 45). The upper and middle parts of 
these systems were covered by later agro-irrigation 
layers, in particular they were cut across by the 
Uaz Medieval irrigation system.

A canal bed, 25 m wide and 15 m between 
banks (poisk 546) (see Figure 46.H), was revealed 
very close to Yarbekir-kala and northeast of the 
settlement. Approaching the fortress, the canal 
narrowed to 11 m between banks. Its left bank 
was preserved as a flat bank 10 m wide, and the 
lateral branch was marked by a dark line 2 m 
in size and an accumulation of Kangju ceramics 
(poisk 548), which allowed to date the system to 
this period. The canal was conveniently located 
close to Yarbekir-kala.

North of Yarbekir-kala and the system 
described above, there was a huge handicraft 
ceramic workshop and surface fragments show 
mainly Kushan ceramics (poisk 550, 894) and a 
number of settlements were dated to the same 
period (poisk 323, 558, etc.).

In the environs of Yarbekir-kala, a huge 
canal was dated to the Kangju-Kushan period, 
with a south-west direction connecting the two 
east–west riverbeds of the Daudan, the Northern 
Daudan and the channel of the Southern Daudan 
rounding Tuzgyr from the north (poisk 352, 362) 
(Figure 46.10). The overall width of the canal was 
more than 70 m and 16–20 m between banks. 
The bed was 1.5–2 m lower than the takyr and 
the banks were 5 m high. The canal head part 
in the Northern Daudan (poisk 334) was a wide 
decreasing funnel-shape, on whose slopes there 
were Kangju-Kushan and also Medieval glazed 
ceramics. In its lower parts the canal narrowed to 
15–16 m between banks with clearly visible traces 
of a later deepening. The remains of Medieval 
rural settlements located along a small network 
of ditches, were clearly dated to the period of its 
secondary development (see p. 206).

In the Kangju-Kushan period the channels of 
the Southern Daudan, flowing from the north and 

south sides of the Tuzgyr plateau, still continued 
functioning, as in their lower reaches an extensive 
irrigated area and ancient settlements were 
discovered. During field work in 1964 on the 
southern cliff of the Tuzgyr plateau, the ruins 
of the large fortress of Tuzgyr-kala were found, 
and the poor surface materials were dated to the 
early 1st millennium BCE. Some kurgans were 
located next to it, along the whole southern and 
southeastern edge of the elevation on both sides of 
the fortress. The Kangju fortress of Akcha-Gelin-
kala, dated by S. P. Tolstov to the 3rd century BCE, 
bordered them on the east (Tolstov 1958:26). The 
archaeological excavation of the kurgans, carried 
out in 1965 by a team of the Khorezm Expedition 
(directed by V.A. Lokhovits), revealed that the 
majority of the kurgans dated to the 1st–3rd 
centuries (Lokhovits 1968).

Traces of ancient fields and vineyards were 
found at the foot of the Tuzgyr elevation. An 
especially well preserved ancient vineyard (poisk 
976) had dimensions of 65 × 50 m. The distance 
between ditches was 3 m and the canal size 
was 1.2 m. The contemporary desert vegetation 
covering the ridges, lively resembled greenish 
vineyards.

South of Tuzgyr, ancient canals, fields, vine-
yards and settlements were recorded over a large 
area (poisk 971–989). The largest one is Tuzgyr-
kala 2, which had the structure of a fortified 
dwelling building. Seven kilometers south of the 
Tuzgyr-kala fortress, on the bank dumps of large 
canals, there were numerous fragments of mainly 
Kushan ceramic production (Figures 46.5–6). In 
the Kangju, and probably the Kushan period, the 
environs of Tuzgyr-kala 2 were likely well watered 
given that a small protective dike 1–2 m wide 
was found on the right bank of the channel in 
front of Tuzgyr 2. According to the remains from 
the Kushan settlements, the neglect of this area 
occurred in the late 1st millennium (Tuzgyr 2; 
poisk 974, 977, 989).

The remains of Kangju-Kushan settlements, 
fortifications and irrigation systems were also 
discovered in the area between the Daudan and 
the Daryalyk. On the western margin of this area 
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there was the massive Kangju fortified settlement 
of Kandum-kala, surveyed by Ya. G. Gulyamov 
(1957:82–83). In 1958, the archaeological-
topographical unit, with the participation of 
architect D. S. Vitukhin, mapped the settlement 
plan and found out in its environs remains of 
Antique settlements (poisk 659–661, 668). Here 
it was possible to trace remains of a massive east–
west canal irrigating the fortress environs. Ground 
measurements showed that its general width 
was 40 m and 7.5–8 m between banks. In many 
places, the canal was intersected by Medieval and 
modern canals.

As we have seen, during the Kangju and 
Kushan periods some channels of the Daudan still 
continued functioning and the Daudan riverbed 
was even more full of water. This was shown by 
the widespread fortified settlements of that period, 
mostly on Dev-kesken and Butentau-kala 1 and 2 
elevations. Irrigation traces of that time are very 
few and it was probably due to the very intensive 
development of these lands during the Middle 
Ages. Just west of the Kangju settlement of Kurgan-
kala (poisk 500), in 1955 we discovered the remains 
of a largely destroyed canal, 40 m wide and 8 m 
between banks (Tolstov and Kes 1960:192).

* * *

Thus, on both banks of the Amudarya, dur ing the 
Archaic, Kangju and Kushan periods the irrigation 
systems underwent substantial changes. They 
were primarily associated with the complexity of 
the irrigation general scheme, the appearance of 
new links and the improvement of various types 
of head works. This shows progress in hydraulic 
skills, and good knowledge of local conditions by 
irrigators and their efforts to create gravity canals 
for a long-term exploitation with less riverbed 
silting.

The most ancient small Archaic systems in 
the Chermen-yab basin were based on the fading 
southern channels of the Daudan. They still did 
not exceed a length of 15–20 km and a width of 
20 to 40 m between banks. Their scheme was the 
typical: lateral river channel – head canal – main 

canal – feeder – field. The numerous head works 
of short and wide canals of the Archaic period 
were similar to the early Kangju period structures. 
Like some Archaic canals, the early Kangju canals 
also had their sources in different channels of the 
Southern Daudan and they irrigated small plots. 
In contrast, on the north bank of the Southern 
Daudan, the massive Kunya-Uaz canal, 50 m 
long and dated to the late Archaic period, was a 
vast system with large distributors. They diverted 
from the main canal (in cases where they did not 
follow branches of the ancient riverbed) very often 
at right angles to the side opposite the Daudan 
riverbed. Its plan with its ‘sub-rectangular’ lateral 
distributors recalls some of the major systems of 
the Khorezm right bank.

During the Kangju, and especially the Kushan 
periods, active farming activities in the Chermen-
yab basin led to the gradual fading of the lateral 
Southern Daudan channels and, consequently, to 
the need of shifting canal sources irrigating the 
environs of Gyaur-kala I and II. First, the shift took 
place upstream at the Shakh-Senem plateau, then 
at Kuyusaygyr, in the environs of Kyuzeligyr-kala 
and Kalalygyr-kala I and, finally, at Kyunerli-kala. 
Then the unification of local irrigation systems into 
one network took place.

The Shakh-Senem and Kuyusay plots had a 
total length of 50 km and were combined in the 
Kangju period. In the Kushan period, the Shakh-
Senem and Gyaur-kala parts were connected by 
a narrow bed (10–12 m wide). In the Kushan 
period, the Chermen-yab cut in an east–west 
direction all the different earlier systems. S. P. 
Tolstov rightly noted the difficulty in solving the 
questions about the origins of the Chermen-yab 
in the Kushan period and wrote that “it was 
possible that it had the sources in the Amudarya 
like the right-bank canals” (Tolstov 1958:114). 
However, the fact that the sources of the large 
Kunya-Uaz canals were, for a long time (until the 
Khorezmshah period), located in the middle part 
of the Daudan, at the ‘fork’ of the Southern and 
Northern Daudan, 20 km above the Kangju ruins 
of Kyunerli-kala, suggests that the sources of the 
Chermen-yab in the Kushan period (whose bed 
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was found north of the Zamakhshar ruins) were 
still located on the Daudan riverbed and not in 
the Amudarya.

During the Antiquity, in the struggle to 
prevent the silting of canals and to find more 
efficient and economic water supply to the 
fields, by the end of the Kangju and, especially, 
in the Kushan period, the irrigators replaced the 
‘sub-rectangular’ irrigation system layout with a 
tree-shaped one, and increased the frequency 
of lateral distributors and branching. The canals 
cross-sections were also changed. Several well 
preserved main canals provided a basis to 
conclude that changes in the transverse sizes of 
ancient canals, moving away from their sources, 
were judged to be most efficient. Thus, moving 
from the origins of the Kangju canal, located 
north of Shakh-Senem plateau, over a length of 
30 km, the width gradually decreased from 22 m 
to 10–9 m between banks in its terminal part. The 
huge Archaic canal in the environs of Kunya-Uaz 
started as 45 m wide between banks and only 
12.5 m wide in its lower part near the site (poisk 
572). We have a similar picture in the Chermen-
yab, which was 20 m wide between banks at 
Kuyusaygyr and 9 m wide to the of Shakh-Senem, 
near the Kushan site (poisk 47).

The Kushan main canals were already nar-
rower (8–15 m wide), but with more frequent 
distributing networks. By their size, the Antique 
main canals of the Khorezm left bank (as well as the 
main canals of the right bank) were similar to the 
canals of ancient Mesopotamia, where R. J. Forbes 
reported a width between banks up to 25 m (see 
Forbes 1955, Vol. II:18). It is highly possible that, 
with the appearance of more frequent branching 
and distributors, the co-efficient of land use within 
the irrigation basins significantly increased. On 
the ‘lands of ancient irrigation’ on the left bank 
of the Khorezm, fewer traces of vineyards and 
gourd plantations were found than on the right 
bank. This may be attributed to the peripheral, 
marginal location of preserved ancient plots in 
relation to the central, mainly developed areas 
of Khorezm, which included the whole Southern 
Akchadarya Delta.

Medieval Irrigation Works
The rise and expansion of irrigated agriculture 
and the urban growth in the Khorezm Oasis 
(and in other areas),Note 150 occurred during the 
formation and flourishing of the Great Kushan 
state in Central Asia (in the first centuries CE), 
followed by a worsening of economic conditions 
caused by political decentralization, migrations 
and invasions of pastoralist tribes surrounding 
the agricultural oases. Also a worsening of  
socio-economic divisions and social riots (see 
Tolstov 1948a:50; 1962a:233–244; Nerazik 
1966:121–125).Note 151 S. P. Tolstov and E. E. 
Nerazik connected the death of some cities of 
the left bank of the Khorezm with the Sassanid-
Chionite wars in the mid-5th century. They also 
noted ‘barbarization’ of the farming population 
of oases outlying districts on both the right and 
left banks of the Khorezm (Nerazik 1966:125). 
Probably all of this contributed to the desolation 
of the terminal parts of many canals and the failing 
exploitation of the single irrigation systems in the 
4th–5th centuries (see p. 171).

According to S. P. Tolstov, the decline of 
irrigation systems on the left bank of the Khorezm 
in this period led to a significant increase in waters 
in the Sarykamysh riverbeds and a short-term 
flow of water into the Uzboy, when Igdy-kala was 
built (Tolstov 1955a:109–110; 1962a:233–235). 
Archaeological work at Kunya-Uaz (see Nerazik 
1958), Turpak-kala, Mangyr-kala and some other 
places in the Sarykamysh Delta revealed cultural 
layers and finds dated to the Kushan-Afrigid 
period, which, together with surface fragments 
collected on some irrigation systems in these 
environs, enabled us to ascertain the functioning 
of these systems at that time.Note 152 However, 
Afrigid settlements and canals of the 7th–8th 
centuries were not found on the left bank as they 
were on the right one. Here, as on the right bank 
of the Amudarya, the process of ending irrigation 
development according to old traditions, the 
gradual decay of ancient irrigation systems, and 
the emergence of new principles of irrigation 
techniques are clearly visible. This is due to 
some extent to the fundamental changes in social 
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relations, in particular with the collapse of the “old 
patriarchal slave-owning traditions, which limited 
the development of the feudal economy” (Tolstov 
1948b:232; see also1958:107ff.; Gulyamov 
1957:114–123).

The political crisis during the Arab conquest 
of Khorezm in 712 CE, the struggle between 
the ‘illustrious’ brothers Chigan and Khurrazad, 
and the rivalry of the old economic and political 
center of Kyat, rising north of Urgench, the new 
center, contributed to the revival of irrigation 
in the fading parts of irrigation systems. At that 
time, Khorezm was politically not united. Even 
V. V. Bartold reported on the disintegration of 
the country into two states during the Arabs’ rule 
(Bartold 1963, Tom I:202, 323ff.; 1965:163; 
Gulyamov 1957:123).

The Arabs found Central Asia divided into 
many small states independent from each other 
(Tolstov 1948b:205–207). The union of Khorezm 
and Kerder (possession in the Amudarya Delta) 
occurred, according to E. E. Nerazik, in the 9th 
century (Nerazik, 1966:128). The beginning of 
political stabilization and a noticeable increase 
of irrigated areas dated to the 9th–10th centuries, 
when, after a long struggle, in 995 CE the ruler 
of Gurganj conquered Kyat. This is confirmed 
by single finds of Afrigid-Samanid ceramics 
(9th–11th centuries) at the settlements near 
Zamakhshar, Kunya-Uaz and Yarbekir-kala (poisk 
135–137, 147, 154, 160, 162, 167, 227, 260, 
694, 696, 704, 713, 721, 772, 774, 876, 886).

The excavations of M. V. Voevodskiy in 
1934 in the ceramic kilns at Zamakhshar, a city 
mentioned for the first time in the late 10th 
century by al-Makhdisi, provided material from 
the 11th century (Vakturskaya 1959:265). The 
finds of glazed ceramics of Zamakhshar type 
from the 9th–10th and 10th–11th centuries, were 
found in the middle area of the Chermen-yab 
(poisk 135, 137, 147, 154). They suggested that the 
canal was already being revived from Zamakhshar 
to Shakh-Senem, where Yu. A. Rapoport’s dig also 
provided objects from the 10th–12th centuries 
(Rapoport 1958:412–415, fig. 13).

According to descriptions of Arab geographers 

(Ibn-Rust, al-Istakhri, al-Makhdisi, etc.), which 
Ya. G. Gulyamov combined with archaeological 
data, up to the 9th century the Amudarya flowed 
through an existing riverbed and it watered 
the delta’s (Daukara), eastern basin where the 
Amudarya waters merged with those of the 
Janydarya in the Syrdarya basin (Gulyamov 
1957:125–197). The Khorezm farming regions 
were mainly located in this southern part, in the 
basin of the Daudan channels.

Southern Khorezm was irrigated by canals 
already constructed in the early Kangju period. 
The Khazarasp fortress, was located on one of 
them, its ancient walls were built no later than the 
early 4th century BCE (Vorobeva, Lapirov-Skoblo 
and Nerazik 1963:198). This was mentioned in 
1219 CE by al-Tabari at the turn of the 9th and 
10th centuries. In this fortress lived Yakut, and 
also Djuveyni (13th century) and Mir-Khvand 
(15th century) wrote about it (MITT 1939:179, 
187, 189, 438, 443, 540). Another canal, the 
Kheykanik (Palvan-ata) reached Khiva (Gulyamov 
1957:143). The third canal, Madra, matched with 
Gazavat and irrigated the environs of Zamakhshar.

On the right bank of the Daudan were 
located the canals Vadak and Buve (Vedak and 
Buvve) which had the same direction of the 
Shakhabad (Shavat), a canal of the 17th century 
(see Glukhovskoy 1893:11, 17). In the 9th century 
the Vadak reached Gurganj (Urgench). According 
to Ya. G. Gulyamov, the artificial canals Palvan, 
Gazavat and others first appeared in connection 
with floods of the Daudan and then by regulating 
these floods, they were built along its banks 
(Gulyamov 1957:91).

In the Middle Ages different and significant 
farming centers arose in Northern Khorezm: in 
the Mizdakhkan region (Mazlum khan-slu, Gyaur-
kala), in the northwestern delta (Khakim-ata) and 
in the eastern delta (Khayvan-kala, Tok-kala). In 
the 9th century the Amudarya riverbed moved in 
a northwest direction, its water rushed into the 
western part of the delta, in the Aybugir lowlands. 
The main riverbed flowed between Mizdakhkan 
and Gurganj (Gulyamov 1957:133:fig. 10). The 
Kerder canal, corresponding to the modern 
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Kegeyli, was built in the bed of the old river 
bottom. As shown by the study of Ya. G. Gulyamov, 
the river was gradually moved in the direction of 
Gurganj. At the time of Ibn-Rust (913 CE), the 
river ran 6–7 km from the city between Urgench 
and Mizdakhkan and, in the period of al-Makhdisi 
(985 CE), its water already washed the urban walls 
(MITT 1939:150, 187–188). According to Yakut 
(early 13th century), the inhabitants of Gurganj 
built a dam and separated the river from the city 
(MITT 1939:420).

Medieval Chermen-yab
In the period of the Great Khorezmshah, when 
Khorezm became a major world kingdom,Note 153 
the huge Chermen-yab canal functioned in its 
territory (over almost the whole length from 
Zamakhshar to the ruins of Gyaur-kala) (see Figure 
42.I). The very lively political and economic links 
of Khorezm with Khorasan and other western 
regions of Central Asia, led to the revival of 
the so-called Shakhristan road, which led from 
Khorezm southwest along the canal (Gulyamov 
1957:145). As shown by the archaeological-
topographical study of the settlement of Suburna 
(Shakh-Senem), a narrow Medieval canal was 
built along the Antique bed of the Chermen-yab 
(see Figure 42.I). Its general width was 15 m and 
7 m between banks in the environs of Gyaur-kala 
I. This ditch had several small branches directed 
left, two of which crossed the wide (up to 250 m) 
riverbed of the Kangadarya. At 5.5 km from the 
Chermen-yab, the ditches approached the vast 
ruins of a caravanserai located at the foot of the 
Niyaz-Khan hill.

Traces of Medieval agriculture are especially 
abundant in the environs of the once prosperous 
city of Shakh-Senem (Suburna),Note 154 which, 
according to Yakut, who visited it in 1220 CE, was 
at the end border of Khorezm in the direction of 
Shakhristan (MITT 1939:423).

The majestic ruins of the city of Shakh-Senem 
rose above the dead oasis, covered with destroyed 
farms and separate buildings, and cut across by 
a complex network of ancient irrigation canals 
(see Figure 47). Adjacent to the fortress on the 

south there was a highly effective and wide park 
complex (with a cross-shaped layout and divided 
into 16 squares by irrigation ditches), with tower-
shaped corner pavilions and a central building 
(Orlov 1952b:154–159). According to the very 
weak ‘striped’ layout of separate squares, they 
appear to have been used for vineyards, fruit and 
garden products.

The main canal irrigating the environs of Shakh-
Senem was highly eroded near the southwestern 
corner of the fortress for over 200 m. Apparently, 
the destruction of this irrigation canal should be 
attributed to the last period of existence of Shakh-
Senem (Suburna, Suburli), the period of the Mongol 
invasion when, according to Djuveyni (1226–
1283 CE), Suburna was flooded. About Suburna, 
Djuveyni wrote: “It was a city, which is now under 
water” (MITT 1939:445). According to S. P. Tolstov, 
the flood was caused by a breakthrough in the 
Amudarya along all the Sarykamysh riverbeds, due 
to the Mongols’destruction of the dams (Tolstov, 
1962a:26; see also Bartold 1914:88; Gulyamov 
1957:165–166).

The Medieval part of the Chermen-yab, at the 
northwestern end of the Shakh-Senem plateau, 
was more than 40 m wide and 17 m between 
banks (poisk 42). Its banks rose 4–4.5 m above the 
takyr, around which there were many Medieval 
and Kangju-Kushan ceramics, indicating the long 
existence of this farming region.

Between Shakh-Senem and Kuyusay, the 
ancient main canal of the Chermen-yab was 
rebuilt in the Middle Ages.

As already noted, in the Middle Ages the large 
Antique canal was deepened again in its upper part 
(over 7 km from the northwest end of the Kuyusay 
plateau). The width of the narrow Medieval canal 
here reached 12 m between banks (see Andrianov 
1958b:315:fig. 2.28). The Medieval canal turned 
sharply from the Antique bed south and southeast 
and ran further into the Shakh-Senem part of the 
Chermen-yab canal. At the point where the canal 
turned south, small distributors branched off. On 
one of them the ruins of a Medieval farm were 
found with the preserved layout of a main living 
building with multiple rooms and an adjacent 
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garden-park complex with ruins of a kaptarkhana.
The surface ceramic dated to the 12th–14th 

centuries (poisk 19, 24 September 1952). The 
survey in the Kuyusay-kala area indicated that 
the upper part of the Antique Chermen-yab, 
situated east of Kuyusay-kala, was abandoned 
in the Middle Ages. This was evidenced by the 
abundance of Antique pottery and few Medieval 
ceramics, as well as the relief of its bed, almost 
entirely covered by later sediments.

The ancient irrigation systems in the environs 
of Kuyusay-kala were rebuilt in the Middle Ages. 
Here an unusual canal was created, on whose 
sharp meanders there were large Medieval glass 
workshops (see Trudnovskaya 1958; Andrianov 
1958b:312–313: Karta Drevnyaya irrigatsionnaya 
sistema Chermen-yaba – Map of Chermen-yab 
ancient irrigation system). These workshops were 
dated to 12th–early 13th centuries (Trudnovskaya 
1958:428). In its lower part, the Kuyusay canal 
was 59 m wide and 16 m between banks.

North of Kuyusay our team researched the 
wide fan of Medieval canals starting from Medieval 
Chermen-yab, 6 km from Kyzylcha-kala, and 
merging into one large canal rounding the Kuyusay 
plateau from northwest. Their overall widths 
diverged from 20 to 40 m and 10 to 20 m 
between banks (poisk 7–20, 6 October 1952). 
In the surrounding area of these Chermen-yab 
canals, ceramics of the 12th–early 13th centuries 
were dispersed everywhere: dark-gray fragments 
of jars, khum, small fragments of glazed ceramics, 
glass pottery, etc.

The main bed of Medieval Chermen-yab was 
traced in its upper part 3 km north of Kyzylcha-
kala. It was well recorded for a considerable 
distance between Kyzylcha-kala and Kuyusay-
kala. In some places the canal profile could be 
clearly seen. Its overall width was 36–40 m and 
18 m between banks (poisk 32, 7 October 1952). 
In the canal, and around it, Medieval ceramics of 
the 10–14th centuries predominated.Note 155 In its 
upper part, the bed of the Mediaeval Chermen-
yab was clearly seen in aerial photographs and on 
the ground up to the environs of Daudan-kala and 
Zamakhshar (Zmukshir).

Here the width of the main canal ranged 
from 25 to 35 m even up to 45 m, and 10–15 
m between banks (Figure 48.1–10). The banks 
were preserved in some places for a height of 3 
m. Northeast of Daudan-kala the main bed of the 
Chermen-yab was more than 43 m wide and 13 
m between banks (poisk 153). One bank was well 
preserved and raised 3–4 m over the takyr. The 
whole area, from west of this site up to the modern 
cultivated zone, was covered with ceramics 
and ruins of individual farms and dwellings. 
The thickness of subsequent agro-irrigation 
(approximately 1 m) was evidence of an intensive 
and long-term cultivation. The agro-irrigation 
deposit partitions clearly corresponded to two 
main stages of agriculture: the Kangju-Kushan 
(formed by a layer 50 cm thick) and the Medieval 
(the upper layer).

The survey of a complex connection in 
the region of two large farms northeast of 
Daudan-kala revealed two reconstructions of the 
Chermen-yabn upper sections (poisk 162, 156). 
The older canal heads were traced in the area 
of Zamakhshar (see Figure 42.I) and they led to 
the Gazavat system (the Medieval Madra canal). 
The later and wider 40 m riverbed had its source 
in the Shavat basin (poisk 166). This bed of the 
Chermen-yab crossed the main riverbed of the 
Daudan, marking the obliteration of the channel 
water flow. At this time, Ya. G. Gulyamov wrote 
that the Chermen-yab, was supplied with water 
from the channel of the Daudan, branched from 
it 15–16 km southeast of the Ilyaly, and then, in 
all probability, also from the Gazavat canal. The 
team traced the later bed leading to the basin of 
the Shavat. It was very heavily damaged, and only 
a series of takyr terraces and strips were located 
on the right bank of the Daudan, covered with 
12th–14th centuries ceramics.

In the environs of Zamakhshar the parallel bed 
of the Chermen-yab canal was preserved, even if 
highly damaged. Here, as on the Gavkhore Basin 
on the right bank of the Amudarya, smaller size 
canals were constructed in that period. North of 
the settlement the Chermen-yab was 8 m wide 
between banks (see Figure 48.9–10), and the 
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parallel bed was 18 m wide and 8 m between 
banks. The banks were 2.5 m high above the 
highly damaged takyr. The whole territory was 
full of deflated hollows, intricately eroded remains 
and numerous sand dunes.

During the survey of 1959 around Zamakhshar, 
O. A. Vishnevskaya researched many Khorezmshah 
rural sites (see Vishnevskaya 1963). In this region, 
in association with the prevailing Khorezmshah 
settlements, there were also earlier Medieval 
ones.Note 156

As in the environs of Zamakhshar, in the 
middle and lower reaches of the Medieval 
Chermen-yab we investigated several agro-
irrigation layouts, which were of two main types: 
watered quadrangular plots surrounded by low 
ridges, and gourd plantations and vineyards in 
different configurations with long gryad. Gourd 
plantations of a Khorezmshah farm (poisk 717) 
were 32 × 35 m in size. Each gryad (karyk) was 
2.2 m wide and the space in-between was 1.2 m. 
In the environs of Kaz-kala, northeast of Daudan-
kala, a vineyard with a karyk of 3.5 m was recorded 
(poisk 164). In the middle part of the Chermen-
yab, near the ruins of a Khorezmshah farm, traces 
of a small vineyard 25 × 15 m in size, with karyk 
approximately 4 m wide, were found on a lateral 
irrigation ditch (poisk 128).

Concluding the description of Medieval 
Chermen-yab, it should be noted that the Afrigid-
Samanid, and especially the Khorezmshah, 
periods were the most important in the history 
of this irrigation basin. The water-lifting devices 
were widely developed in this period and the 
area of crops increased by 30–35% in relation to 
the whole territory covered by irrigation facilities. 
We estimated this territory to be 25,000–30,000 
ha (Andrianov 1958b:328) and 10,000–12,000 
ha cultivated at the same time.

Based on the size data of the Medieval bed 
of the main canal, we can calculate the labor 
cost needed for its construction and the creation 
of small irrigation networks. The total length of 
the canal, from the environs of Zamakhshar to 
Niyaz-Khan, was 150 km. The area stretching for 
100 km from Shakh-Senem to Zamakhshar was 

subjected to a radical reconstruction. Here, the 
average cross-section of a canal was 8–12 m2. The 
total volume of excavated soil from the main canal 
was not less than 1,000,000 m3 and roughly the 
same amount of soil was removed for digging the 
small irrigation network.Note 157 At a rate of 3 m3 
per day, 12,000–14,000 diggers were needed to 
achieve this goal in 50 days. For canal cleaning, 
the labor of 5,000–6,000 men was necessary 
annually. It means that 20–30 working days were 
required for 1 ha, which corresponded to the labor 
costs in Khorezm in the early 20th century (see 
Tsinzerling 1927:208).

How many people could live in the basin of 
the Medieval Chermen-yab?

The Medieval rural settlements in this 
region were not studied sufficiently. Therefore, 
archaeological material alone may not provide 
us with data to determine the overall size of 
the farming population.Note 158 In such cases, 
without reliable statistic data, the information  
on population density maps usually comes by 
extrapolating and using different indirect data.
Note 159 Such an attempt was made by us.

On the basis of archaeological-topographical 
large-scale maps, the whole area of the 
Khorezmshah Chermen-yab was divided into 
three sections: high density, assumed by analogy to 
the Kavat-Kala Oasis (12th–early 13th centuries), 
with 80–150 people per 1 km2; medium density, 
with analogy to the Southern Khorezm in the 
early 20th century, with 75 people per 1 km2; 
low density, as in the Turkmen part of the oasis 
in the early 20th century, with 25 people per 
1 km2. The maximum density was allocated to 
the environs of Zamakhshar, Daudan-kala and 
Shakh-Senem; the medium density to the territory 
between Kuyusaygyr and Daudan-kala; and the 
lowest density in the remaining areas. The whole 
Chermen-yab area of 300 km2 and the total 
population was estimated by us at approximately 
20,000–30,000 people. The average number 
for each hectare of cultivated and irrigated land 
accounted for 2 to 3 people.Note 160 The male 
working population probably was 5,000–8,000 
people, which alone was already sufficient for  
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irrigation work, without the involvement of 
outside workers.

The intensive development of irrigated agri-
culture in the Khorezmshah period, so clearly 
traceable on both the right and left banks of 
the Khorezm, was interrupted by the Mongol 
invasion. On its devastating consequence on the 
agricultural oases of Central Asia a lot has been 
written by several researchers, in particular A. 
Yu. Yakubovskiy, S. P. Tolstov, B. N. Zakhoder, 
A. M. Belenitskiy and I. P. Petrushevskiy. A large 
section devoted to this issue was included in the 
book by I. P. Petrushevskiy Zemledelie i agrarnye 
otnosheniya v Irane XIII–XIV vekov (Agriculture 
and farming relations in Iran in the 13th–14th 
centuries) (Petrushevskiy 1960:36–46).

The author directs attention to the total 
massacre of the farming and craftsman population 
in many regions of Central Asia and Iran, or the 
taking into captivity of people of these areas.Note 161 

Khorezm did not escape this fate (Bartold 1963, 
Tom I:500–504; Tolstov 1948b:289–295; 
Gulyamov 1957:163–167; etc.). Here, as in other 
oases, the huge population loss, the destruction of 
head works, dikesNote 162 and dams caused the 
decline of irrigated agriculture. Not only the right 
bank of the Khorezm became depopulated (see 
pp. 179–180), but also large tracts of the vast 
territory on the left bank of the Amudarya, where 
the densely populated oasis of Chermen-yab was 
no longer a land of ancient irrigation (Tolstov 
1948a:51; Gulyamov 1957:163–167).Editor 53 Other 
territories, in particular the environs of Urgench, 
where the Mongols destroyed the dam (‘bridge’) 
on the Daryalyk, were flooded (Bartold 1963, Tom 
I:503; 1965:50, 172, 548; Gulyamov 1957:165–
166). The neglect of canals and destruction of 
dams during the Mongol invasion caused a 
temporary breakout of the Amudarya  waters west, 
and the rising level in the Sarykamysh Lake (see 
Tolstov, Kes and Jdanko 1954, 1955).Note 163

With the formation of the Mongol Kingdom 
of the Golden Horde, most of Khorezm became 
part of it. The southern edge of Khorezm became 
part of the possession of the Chagatai Khanate 
(Bartold 1965:548). By the end of the 13th century, 

and especially in the 14th century the desolate 
lands were widely developed anew. The cities 
and several handicraft centers revived, especially 
in the northwestern part of the oasis. Urgench, 
the former capital of Khorezm, again became a 
major trade and craft center, strengthening and 
developing its relations with the Volga region 
and other parts of the vast Mongol state, and the 
irrigated area was also expanded (see Tolstov 
1948b:308; Vakturskaya 1959:300–301; 1963:53; 
Vishnevskaya 1963:63–72; Vaynberg 1960).

During the Golden Horde period, in the 
13th–14th centuries, a number of new canals 
were built in Khorezm (Gulyamov 1957:168–
176). Particularly significant were the systems, 
based on the Daryalyk riverbed, which, according 
to Ya. G. Gulyamov, received a large amount of 
Amudarya waters in the 14th century (Gulyamov 
1957:177:fig. 12, 178). Most of these systems, in 
the area between the Daryalyk and the Daudan, 
had a southwest direction. Some of them were 
re-deepened in the 19th century and irrigated 
large territories in the Uaz basin, At-krylgan in 
the environs of Dev-kesken (Vazira) and along the 
Daryalyk banks (see p. 212).

A complex history characterized the eastern 
main canal, constructed in the Khorezmshah 
period, abandoned in the 15th century and newly 
restored in the 19th century, when it received the 
name of ‘Shamurat’ (see Figure 42.K). This system 
was characterized by a complex interweaving of 
ancient Medieval and Turkmen canals of the 19th 
century (see Glukhovskoy 1893:177). Its total 
length, from the sources in the Daryalyk (northeast 
of the ruins of the Kandum-kala) to the environs 
of Tuzgyr, was 75–80 km. In its lower part there 
was Yarbekir-kala, where the excavations of N. N. 
Vakturskaya revealed Antique, Khorezmshah and 
Golden Horde cultural layers (Vakturskaya 1963). 
Here, numerous ruins of Khorezmshah and 
Golden Horde periods were also discovered.Note 164

The Shamurat, in its lower part, was 30 m 
wide and 15 m between banks (poisk 300) (see 
Figure 48.11–12). Further upstream it was 32 m 
wide and 9 m between banks. North of Turpak-
kala (poisk 281, 282) the complex crossing of the 
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Shamurat with the Antique systems was found. 
One of the Medieval branches of the Shamurat 
was 37 m wide and 4.5 m between the inner 
banks. Glazed ceramics of the Mongol period were 
found beside the canal. North of the abandoned 
Turkmen settlements of Uaz, behind high sandy 
ridges, Medieval canals dated to the Golden Horde 
period, according to farmsteads located on its 
small branches, were also found together with 
Kangju-Kushan canals. 

The Medieval canal (poisk 630) had an over-
all width of 20 m and 6 m between banks. In 
its environs there are many ruins of individual 
buildings, in the form of substantial hills with 
weak layout traces and covered with fragments 
of baked bricks (the predominant size being 27 
× 27 × 5 cm), unglazed and glazed pottery of 
the Golden Horde period (poisk 625, 628, 631). 
Near a farmstead (poisk 631) was the layout of a 
vineyard, whose gryads had the dimensions of 4, 
4.2 and 4.5 m with 1 m between rows. Upstream, 
the total width of the Shamurat increased to 50 
m, which is associated to the reconstruction dated 
to both the Middle Ages and the 19th century. 
The Turkmen bed was 7 m wide (see Figure 
48.14–16). The canal cut across the large riverbed 
of the Daudan. It is difficult to ascertain the time 
in which the waterway shifted from the right bank 
of the riverbed to the left, because the Daudan 
channels were continuously supplied with water 
during the Middle Ages. The lack of settlements 
of the 15th–17th centuries in the Shamurat basin 
suggests that the neglect of this system occurred at 
the end of 14th century after Timur’s devastating 
campaigns, who ordered to raze Urgench and 
to sow barley in its stead (Bartold 1965:174; 
Gulyamov 1957:173–175).

Indications of Medieval irrigation facilities can 
be traced further west along the Northern Daudan, 
in the environs of the large Medieval settlement 
of Yarbekir-kala, and also along the banks of the 
Daryalyk, irrigating Urgench, Shemakh and Vazir 
(Dev-kesken). The remains of intensive farming 
activity, was suggested by numerous canals, small-
scale irrigation networks, fields, vineyards and 
gourd plantations with ruins of rural unfortified 

farms, densely covering the whole territory up to 
the outskirts of Sarykamysh.Note 165

In the Golden Horde period a series of ancient 
canals were restored in this region. Thus, a large 
Antique canal located northwest of Yarbekir-
kala was deepened once again (the remains of 
Medieval settlements and farms in the environs 
of Yarbekir-kala, spread along a small network 
of ditches, clearly date the time of its secondary 
development; poisk 318, 326, etc.). In one section 
of the Antique canal (poisk 332) the overall width 
was more than 20 m (see Figure 46.10) and it 
was greatly deepened. A rich accumulation of 
the Golden Horde period ceramics was on the 
banks. Downstream, the canal gradually narrowed 
(at poisk 320 its width was 16 m between banks) 
(see Figure 46.11).

The peculiar character of the irrigation works 
in the lower reaches of the Northern Daudan 
lay in the area of the lakes Tyunyuklyu and 
Tarymkaya. They strongly resembled the late 
Karakalpak canals of the Amudarya Delta. For 
example, west of Lake Tarymkaya (poisk 382) the 
canal maintained a negative form. Its banks were 
no higher than the surrounding terrain. There 
was a meandering head work, opening in the 
bed as a sloping depression. There was a sand 
spit in front of its outfall. On the bank there was 
black swampy soil covered with an ashy-gray, 
thin takyr-shaped crust. The ground was soft and 
contained abundant salt efflorescences. From the 
canals branched small irrigation ditches, on which 
the fragments of Mongol gray-ware and glazed 
ceramics were found (poisk 382, 389–393).

The fields and the remains of settlements of 
this region bear traces of heavy floods, which 
covered the cultural horizons with sediments. It 
is necessary to note that most of the entire region 
of the Daudan, west of Yarbekir-kala, preserved 
traces of Medieval flooding, as indicated by the 
nature of the soil and vegetation and a widespread 
salty area (Letunov 1958:75, 139; Konobeeva 
1965:127). Keurek and black saxaul vegetation 
prevail on these takyr of medium and heavily 
salty soil. Large areas are covered with plump salt 
marshes (Andrianov 1955:358–359).
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The irrigation facilities in the environs of 
the small unfortified settlement of Shekhrlik 
of the 13th–14th centuries, disclosed by N. N. 
Vakturskaya in 1961, are of great interest to 
describe the irrigation in the peripheral areas of 
Khorezm in the 13th–16th centuries. She identified 
it as the settlement of Yany-Shekhr mentioned 
in the written sources (Vakturskaya 1963:53). 
During archaeological excavations carried out 
on site by N. N. Vakturskaya, approximately 500 
coins mainly of the Golden Horde period (minted 
in Khorezm from 1301 CE to 1388 CE) were 
found. According to N. N. Vakturskaya, the base of 
Shekhrlik was a Khorezmshah period settlement. 
Its main culture was dated to the Golden Horde 
period, and its decay to the period of Timur’s 
conquest (Vakturskaya 1963:53).

Numerous finds (ceramic, jewelry and coins) 
from rural settlement ruins in its territory 
confirmed irrigation systems functioning at that 
time (see Note 165). In the Khorezmshah period, 
gravity irrigation apparently prevailed, since the 
region was watered well enough by the Northern 
Daudan. By the end of the 13th century, the 
population suffered great difficulties because of 
water lack due to the cessation of water flow from 
the Daudan, so at that time there were widespread 
chigir installations, and these left large pits (up to 
10 m in diameter) in almost all the canals from 
which very small canals streamed (Figure 49.5–9). 
The bank of pits and canals were covered with 
countless vessel fragments used with the chigir.

Among the Khorezmshah settlements, the 
better preserved was a large farm (poisk 903) 
located west of the Akerkek-yab canal. The canal 
was more than 40 m wide and 12 m between 
banks, which were 2.5 m high. The canal dated 
to the Kangju period but it was reconstructed 
many times in the Middle Ages. The environs of 
the farm were irrigated by a distributor reaching 
a total width of 13 m.

The Khorezmshah complex consisted of a 
well-planned settlement with: a fortified central 
farm with quite impressive walls and a moat (36 
× 40 m), several large buildings with many rooms 
(8 to 12) on both sides of an alley with two parallel 

ditches, leading to a large garden (200 × 140 m) 
surrounded by a low adobe wall and ditches.

A number of vast garden-park compounds 
of the Golden Horde period, located very close 
to the production center of Shekhrlik, were 
studied. South of the settlement (poisk 922–924) 
a fence 160 × 160 m in size and 30 cm high was 
preserved (see Figure 10.C). Some of its corners 
were fortified by earthen pillars. Ceramics of the 
Golden Horde period were found inside the fence. 
To the west there was a large and deep canal (18 m 
wide between banks) connected with a riverbed, 
which bent sharply in this area. In some places 
the riverbed banks were strengthened by dikes 
and the bottom closed by dams in three places 
(see Figure 10.D). The channel was 30 m wide 
and 2 m deep.

On the opposite side of the riverbed there was 
a second layout (110 × 80 × 100 × 80 m), with 
two small ditches close by. In the upper part of 
the riverbed, a canal 10 m in size branched off. 
On its banks, chigir pits and remains of sites were 
dated to two periods: Khorezmshah and Golden 
Horde. The canal preserved reconstruction traces. 
In the Khorezmshah period the irrigation was 
by gravity. In the Golden Horde period there 
was lack of water and the canal was deepened 
again and water lifting facilities (chigir), whose 
wells survived, were dug on the banks. The chigir 
pits (6 × 6, 10 × 15 m etc.) and scattered chigir 
jars were found in many other places northwest 
and west of Tuzgyr. In the 14th–15th century, a 
number of riverbeds of the Daudan (in this part 
of the Sarykamysh Delta) received water from 
the Daryalyk Basin. Water flowed from irrigation 
systems located northeast. Since the riverbed flow 
was slow, dams with different water intake works 
were built in order to raise the water level, as a 
reminiscence of the Syrdarya Medieval facilities 
(Figures 49 and 62).

Thus, a large hydraulic engineering site, in 
the environs of a Golden Horde village (poisk 
959 and 960), consisted of a retaining dam and 
several head structures in the form of canals, from 
which water was supplied into a small irrigation 
network surrounding the settlement (see Figure 
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49.5). This was made up of individual debris of 
small dwellings (with two or three chambers). The 
hills of ruins (about 10) were 1.5–2 m high and 
covered with pottery of the 13th–14th centuries. 
The canal irrigating the fields had a width of 5 m 
between banks. The canal had two heads: one was 
150 m above the dam and the other close to it. 
Through a by-pass canal, water was fed into other 
canals in the lower part of the riverbed. Among 
agro-irrigation layouts, rather large sized fields 
prevailed. A measured field (poisk 964) was 37 × 
58 × 32 × 58 m in size (see Figure 49.7). It was 
irrigated using a chigir installation, whose pits and 
fragments of chigir jars were preserved.

Between Shekhrlik and Ak-kala, the irrigation 
works of the later period were found on the 
dry channels of the Northern Daudan (poisk 
817, 818, 820, 827, 859, 861, 869, 870, 935, 
936, 938, 965). According to ceramics found 
in the rural settlements, they were dated by N. 
N. Vakturskaya to the 15th–16th centuries. At 
poisk 936, the settlements survived in the form 
of houses and a small (25 × 25) sub-square 
fortification with built earthen walls rising 2 m 
above the surroundings plain. The overall width 
of the canal was approximately 20 m and 7 m 
between banks. There were many chigir pits on 
its banks. Between the canal and the fortification 
there was a reservoir 60 × 70 m in size, supplied 
with water by a chigir.

In a number of this region’s settlements (poisk 
915, 859, 861, etc.), remains of yurts bases were 
revealed close to the ruins of mud brick dwellings 
covered with Medieval ceramics. Southeast of the 
Kazanly-Auliya graveyard, the base of a yurt 10 × 
9 m in size was found (poisk 859). A canal with 
remains of a settled dwelling and ceramic kilns 
was located close by. N. N. Vakturskaya dated the 
pottery to the 16th century. This was probably 
a Turkmen settlement (see also Gulyamov 
1957:183–191).

As mentioned above, most of the canals and 
riverbeds in the lower reaches of the Northern 
Daudan preserved traces of heavy Medieval flood-
ing. In some places the banks were completely 
washed away, and on the bottom were typical 

loamy clay and sand sediments. The environs 
of the Gosha-khavuz site settlement are very 
characteristic in this respect (poisk 919). The 
settlement center was a large square enclosure 
oriented according to cardinal axes. A village with 
ruins, often dwellings, was nearby. The canal, along 
which many chigir pits of different sizes (mainly 6 
× 10 and 10 × 15 m) were found, was encircled 
by a fence from northwest. On its slopes, and 
along ditches and into fields, there were visible 
traces of flooding. They were probably connected 
to the Amudarya’s waters breakthrough along the 
riverbeds of the Sarykamysh Delta at the end of 
the 14th century, during the campaign of Timur 
against Khorezm (1372–1388 CE).

Timur destroyed Urgench and the surrounding 
settlements and devastated the entire area north 
and northwest of Khorezm. This campaign led 
to the destruction of dams, dikes on canals and 
riverbeds of the Amudarya. The river supplying 
water to the riverbeds of the Sarykamysh Delta 
again filled the Sarykamysh depression and the 
Uzboy for a very short period, and probably 
reached the Caspian Sea (Tolstov, Kes and Jdanko 
1954; Tolstov 1962a:17–26, and references).

In the 15th–16th centuries, the Turkmen 
tribes settled on the shores of the Sarykamysh 
Lake, and built, on the gradually drying slopes, 
very unusual irrigation facilities in the form 
of walled-aqueducts, catchment basins and 
connecting canals up to 6–7 km long.

The Sarykamysh irrigation systems were 
studied in detail by the field team of the Khorezm 
Expedition, led by S. P. Tolstov and described in 
the aforementioned publications (Tolstov and 
Kes 1956; Tolstov, Kes and Jdanko 1954, 1955; 
Tolstov and Kes 1960:29–31; Tolstov 1958:116–
142), thus there is no need to dwell on them. It 
should only be noted that the question about the 
method of water lifting from the reservoirs to the 
ducts of the walled-aqueducts is not yet clear. 
This uncertainty is caused by the lack of chigir 
jar fragments. S. P. Tolstov supposed that the 
system used here was a shaduf, i.e. a water lifting 
crane (Tolstov 1958:138–139). He mentioned 
an example similar to an estuary or irrigation 
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type, near lakes of the Kazakhs in the early 19th 
century described by A. I. Levshin (Levshin 
1832:199–206; Bregel 1961:61).Note 166 

* * *

Completing the description of the most typical 
Medieval irrigation systems that have survived in 
the ‘lands of ancient irrigation’ of the Sarykamysh 
Delta, we should note the sharp contrast between 
Medieval irrigation and the irrigation systems of 
the previous, Antique period. These differences 
emerged in the decrease of main canals cross-
sections (from 20–15 m to 12–5 m), in the 
significant layout change of irrigation systems, 
and in the appearance of complicated branching 
systems with dense small-scale irrigation networks 
which, in some places, with their small branching 
‘veins’, deeply penetrated the whole area adjoining 
a main canal.Note 167

The spreading of complicated branching sys-
tems was connected with farmers’ attempts to 
reduce canals silting, to reduce the amount of 
cleaning labor and, at the same time, to irrigate new 
plots within the limits of irrigation basins, and thus 
increase the coefficient of irrigated lands, which 
rose up to 20–35% in the Middle Ages. According 
to the data of the Khorezm Expedition, the wide 
appearance of the chigir irrigation in Khorezm can 
be dated to the 9th–11th centuries.Note 168

According to the prominent specialist in 
irrigation V. V. Tsinzerling, in the recent past 
the chigir irrigation in the floodplain and delta of 
the Amudarya was the most perfect method of 
irrigation from a technical point of view. The use of 
chigir irrigation reduced water waste up to 30–50% 
than the gravity system; significantly reduced 
waterlogging and salinization risks; reduced the 
amount of work for cleaning small irrigation 
networks; improved hydrology and salt conditions; 
reduced soil erosion; increased harvests. Finally, 
a more compact and rational organization of the 
lands became possible.

The significant use of water lifting devices 
was due, in particular, to the lowering water 
level in irrigation canals, as a result of their 

deepening and to the rising level of cultivated 
lands because of agro-irrigation sediments (see 
Andrianov 1951:327; Gulyamov 1957:259). Ya. G. 
Gulyamov, in the special section of his work on the 
history of irrigation in Khorezm, rightly linked the 
development of water lifting devices to the general 
social and economic transformation of society 
(Gulyamov 1957:246–259). The development of 
this technology is confirmed by the documentation 
outlined by R. J. Forbes (1955, Vol. II:30–41), who 
showed a clear scheme of the development of water 
lifting devices (see Table 5).Note 169

In the example of Medieval Chermen-yab it 
can clearly be seen how the spreading of chigir 
facilities and branched small irrigation networks 
made possible the reduction of the general area 
occupied by irrigation facilities and, at the same 
time, it increased the area of irrigated lands. 
The coefficient of irrigated area in that period 
increased at least twice in comparison to the 
Antiquity.

The development of irrigation in the Middle 
Ages (especially in the Khorezmshah period) went 
through the improvement of large flood systems 
by the following scheme: river – head works 
(saka) – main canal – distributors of the 1st and 
2nd orders – feeder – chigir – fields. An example 
of such large canals can serve not only the above 
described Medieval canals such as the Chermen-
yab and the Shamurat, but also the large irrigation 
systems of the Southern Khorezm in modern time 
such as the Palvan-Ata (Kheykanik), the Gazavat 
(Madra) and some others which already existed 
in Antiquity and the Middle Ages (Gulyamov 
1957:129).

The large canal in Southern Khorezm was 100 
to 150 km long and 30 m wide in the upper part 
and 2 m deep (MRSA 1926, Kn. 2, Ch.2:10–19; 
Gulyamov 1957:200). B. M. Georgievskiy, writing 
about the head and middle part width of main 
modern canals (“not less than 20–25 m and 
60–70 m in some places”), noted that during 
the construction they had a much smaller 
width. As a result of erosion, many became wide 
resembling somewhat meandering river channels 
(Georgievskiy 1937:113).
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It is very difficult to judge the true size of the 
cross-sections sources of large Medieval main 
canals. The investigation on the well preserved 
bed of the Medieval Chermen-yab showed that 
its section went from 15 m to 7 m in its middle 
and lower parts over a distance of 120 km from 
Zamakhshar to Shakh-Senem. The Shamurat was 
traced for a distance of 80 km and its middle part 
was 12 m wide whilst the lower part was only 9 m.

Together with the Khorezm traditional 
large irrigation systems in the ‘lands of ancient 
irrigation’ of the 14th–16th centuries, there were, 
particularly in the environs of Shekhrlik, local 
systems watered twice a year based on lower 
channels of the Daudan and the Daryalyk. A 
variety of retaining dam, water distributors and 
water-lifting facilities, indicated the introduction 
of different irrigation principles brought by 
herding and farming peoples from the Syrdarya 
Basin.

Irrigation Works of the Modern Period
For the Khorezm Oasis and the whole territories 
of the Sarykamysh Delta the 16th–18th centuries 
were a period of general decay, particularly 
evident in the tendency of feudal fragmentation 
and disintegration, which reinforced different 
civil wars and nomadic invasions into the 
settled farming regions (see IUZ 1955:429). The 
formation process of a strong feudal monarchy 
was interrupted by the events of the 13th–14th 
centuries and could not be restored under later 
conditions (Tolstov 1950:5–6). In this period, 
the demise of feudal Khorezm, divided between 
quarrelling sultans, emerged very clearly.

Soon after Shaybani Khan (born in 1415 
CE, ruling during 1488–1510 CE) conquered 
Urgench in 1505 CE with the fall of the Timurids, 
Khorezm came under Persian control. The 
Persian governor ruled Khorezm for a very 
short time and was driven out by his sons, Berke 
Khan’s sons – Sultan Ilbars (ruling in 1511–1518 
CE) and Bilbars, who both had previously led 
a nomadic life in the steppes of the Aral Sea 
and the lower reaches of the Syrdarya. Since 
that time, the massive resettlement of nomadic 

Uzbek tribes into Khorezm began and, like the 
next migrations of the Karakalpak tribes in the 
18th–early 19th centuries, they started from east, 
from the Syrdarya Basin (Zadykhina 1952:321ff.; 
Andrianov 1958:39–47). From the west, the 
migration of Turkmen populations increased and 
they were forced to leave for the drying shore of 
the Sarykamysh Lake and the Lower Daryalyk (see 
Vaynberg 1960:115–117; Bregel 1961:21–22). 
A cruel struggle for power in the oasis, and for 
its land and water, began between Uzbek and 
Turkmen feudal lords (Gulyamov 1957:199; 
OITN 1954:161–260).

The stormy events of political life in that 
period, dissensions and wars of feudal lords, 
did not favor settled irrigation farming, and 
the outskirts of oases, where the semi-nomadic 
population frequently changed, particularly 
suffered from these events.

During that time, the farming region on 
the Daryalyk, with its center in Vazir, which 
repeatedly served as capital and residence of the 
Khorezm khan in the 15th–16th centuries, played 
an important role in the oasis (Tolstov 1948b:315). 
In the 16th century the Daryalyk water flow 
gradually ceased (see Bukinich 1926). This means 
that the irrigation system revival of south Khorezm 
in the 15th–16th centuries accelerated shifting east 
the area of ‘intensive watering’ by the Amudarya. 
The continued exploitation of the irrigation system 
of Medieval Kunyadarya’s farming oasis led to a 
rise in ground level and a flow reduction in the 
Daryalyk. At the end of the 16th century, this 
process ended with the Amudarya ‘turning’ east, 
causing an overall change in the hydrography of 
the lower reaches of the Amudarya (Andrianov 
1951, 1954, 1958a–b).Editor 54

The water level rise in the Aral riverbed 
created an unstable situation, in which the river 
supplied water to the riverbed of the delta (Kok-
ozek) eastern channel and directed a huge amount 
of water towards the Daukar depression, where 
a vast flood-land was formed (‘Taukara-Tengizi’ 
in Khiva’s chronicles). In the Daryalyk the water 
first ceased to reach the Sarykamysh Lake, whose 
level fell dramatically and quickly (leading to the 
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formation of the Daryalyk canyon). Then there 
was a lack of water in the environs of Medieval 
urban centers of Northern Khorezm, such as 
Adaka, Vazira and Terseka (Shemakha-kala) and, 
finally, Urgench.

The sharp flow decline in the Daryalyk 
riverbed was noted in the 1550s by A. Jenkinson 
(Rubinshteyn 1938:177; Bartold 1902:102; 
Bukinich 1926). Editor 55 In 1570 water did not 
reach Urgench at all (Bartold 1902a:107). Editor 56 
In reality, in the late 16th century the flow was 
resumed, but only for a very short time (Bartold, 
1902b:correction 31). Editor 57

The drainage of a huge region, and the 
formation of ancient irrigated lands in a signifi-
cant part of the territory of the Sarykamysh Delta, 
was a major disaster for the agricultural 
population of Khorezm.

The political union of Khorezm began in the 
1640s century during the reign of Abu al-Ghazi 
Khan, who made a number of important acts 
in order to strengthen the central power (MITT 
1938:324, 328; OITN 1954:130–210; Zadykhina 
1952:335).Editor 58

In the 17th–early 18th centuries there was a 
new watering of the Daryalyk, but Uzbek feudal 
rulers, following a hostile policy toward the 
Turkmen, blocked the riverbed with dams (about 
which the Turkman Khodja Nepes informed 
Peter I; Glukhovskoy 1893:47; Popov, 1853:329; 
Vaynberg 1960:117).

In the late 18th–early 19th centuries 
the Uzbek-Aral dynasty of Kongrat came to 
power in Khorezm. The period of its rule was 
characterized by a centralized strengthening and 
some progressive changes in economy and culture 
(see Andrianov 1958a:77–78; Bregel 1961:193; 
etc.).Note 170 The rise in economic life was apparent 
in particular with the cleaning and reconstruction 
works of the abandoned Medieval systems. In the 
north and northeastern lands of ancient irrigation 
in the Sarykamysh Delta, plots were apportioned 
to Uzbek feudal and Turkmen rulers (Gulyamov 
1957:221–225; Bregel 1961:96–111). The head 
works of these systems were shifted from the 
Daryalyk to the main riverbed of the Amudarya.

In the first half of the 19th century, during 
cultivation of new lands in this area, the Turkmen 
used some Medieval canals (the Sipay-yab, the 
Shamurat, etc.), which were cleaned by the 
Karakalpaks and the Uzbeks as labor conscription 
by order of the central power (see Gulyamov 1957: 
220–222; Andrianov 1958a:82–83; Vaynberg 
1960:119–123; Bregel 1961:60–61, 111–112, 
191–196). In order to lift water, the Turkmen 
constructed a series of dams on the Kunyadarya 
riverbed, including those of Tash-bent, Ushak-
bent, Salak-bent and the massive dam in the 
environs of the Medieval settlement of Vazira 
(Egen-klych; see Kaulbars 1881:405–419). On 
the banks of the riverbed, the Turkmen-Yomuts 
erected the fortifications of Mashryk-Sengir, Bada-
Sengir, Atalyk-Sengir, etc. on both sides of this 
dam (Vaynberg 1960:121–122; Bregel 1961:99). 
Popular legend dated the construction of these 
fortifications to the beginning of the 19th century, 
during the conflicts between the Yomuts and the 
Kazakhs. The ethnographer V. G. Moshkov linked 
the construction of Mashryk-Sengir to this period 
(see OITN 1954:274).

A central place among the Turkmen fortifi-
cations on the Daryalyk was occupied by Mashryk-
Sengir (I, II and III), of which the most significant 
is Mashryk-Sengir I, located on the right bank of 
the Daryalyk, 5 km south of the Ustyurt plateau, 
between two parallel branches of the canal 
originating in the riverbed and flowing to the 
northeastern wall of the settlement (Andrianov 
and Vasileva 1957, 1958).

Mashryk-Sengir I and II are located directly on 
the riparian banks on the right and left sides of the 
river. They were erected close to the massive Egen-
klych dam (Tolstov 1962a: Karta Zemli drevnego 
orosheniya i nizovyakh Amudari i Syrdari – Map 
of the ‘Lands of ancient irrigation’ in the Lower 
Amudarya and Syrdarya). The dam is preserved 
for a length of 250 m, where the river bends and 
the left bank of the dam has been washed away. 
The width of the breakthrough was approximately 
40 m. The dam was 6.5 m high from the river 
bottom, 12–13 m wide in the middle and 37–40 
m in the lower part. This dam was included in the 
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complex defense system of the whole region by 
the Turkmen, and was similar to the Karakalpak 
dam on the Mayliuzyak, where the fortress and 
three significant fortifications (Khatyn I, II and III) 
were connected to the dam crossing the riverbed 
(see p. 243).

A number of canals irrigating the environs 
of Mashryk had their origin from the dam of 
Egen-klych. The main canal, supplying water to 
the fields of Mashryk I, was 25 m wide and 9 m 
between banks; the preserved mounds are 1.6 m 
high (poisk 455) (Figure 50). The canal was dug 
in a small width riverbed and the high level of 
standing water indicates a good watering of the 
Daryalyk in the early 19th century. 

During this period several Medieval canals 
were restored above the dam, for example in 
the environs of Vazir where, together with the 
old swollen Medieval canal, deepened canals 
were also recognized. From these, other canals 
branched out to irrigate the Turkmen fields and 
gourd plantations, still preserving their ridges and 
high gryad (karyk). Especially numerous were gourd 
plantations. The high number of gourd plantations 
was one of the most characteristic features of the 
environs of Mashryk I. The preserved layouts (for 
example at poisk 459, 465, 467) differ in their 
very high gryad (karyk) 2.2–3.6 m wide, and deep 
ditches (salma). They form a large continuous 
terrain, seldom mixed with the common atyz, i.e. 
irrigated plots without gryad and an average size 
of 20 × 40 and 20 × 50 m (poisk 464).

In the area of Turkmen irrigation of the 
19th century, we also found small subsquare 
and trapezoidal fields (3.6 × 4.5 × 3.7 × 4.6 m, 
etc.), bordered by flat walls and forming large 
arrays (see Figure 50). Large quadrangular fields 
(for example, 6 × 10 × 7 × 9 m), and fields with 
sides more than 15–20 m were also widespread. 
These fields, mainly for grain crops, were entirely 
irrigated by water inlets. We should also mention 
the huge fields surveyed by the archaeological 
unit in the environs of Er-burun, where a regular 
system of rectangular fields occupied a vast 
territory west of Buten-tau. The owners of these 
fields lived in semi-earthen houses which were 

usually located in a compound (three to four semi-
earthen houses), closely connected to each other. 
The measured irrigated plots had the following 
sizes: 45 × 78 × 45 × 76 m and 40 × 56 × 40 × 
47 m etc. Probably, these settlements and fields 
were dated to a later period (late 19th–early 20th 
centuries), at the time of the breakthrough on 
the Daryalyk, when some Turkmen population 
groups were engaged in agriculture (see Vaynberg 
1960:123).

Describing the irrigation works of the modern 
period on the ‘lands of ancient irrigation’ on the 
left bank of the Khorezm, and in particular the 
Turkmen irrigation in the basin of the Daryalyk, 
it is necessary to note that the majority of canals 
were not constructed anew, but were old canals 
preserved from earlier periods (see Andrianov 
and Vasileva 1957:105; Andrianov 1958a:82–83; 
Bregel 1961:60–61). Naturally, the irrigation 
methods of the Turkmen farmers in these 
lands (especially along the Sipay-yab and the 
Shamurat) differed very little from the traditional 
methods of the Khorezm farmers. According 
to Ya. G. Gulyamov, vast areas belonged to the 
Khivan high dignitaries, as reported by the court 
chronicler Bayan (see Gulyamov 1957:221; 
Tolstov 1958:20).

Describing Turkmen irrigation in the basin 
of the Daryalyk, it is necessary to mention the 
peculiarities of hydraulic devices, ranging from 
grand water-lifting dams, head structures with 
semi-dams, head-constructions with two and three 
branches (topographically included in the general 
defense of the sengir), and ending with a water 
raising system thanks to an ingenious systems of 
storing water in reservoirs (see Figure 50).

This system consisted of two parallel, inter-
connected canals, on one of which three large 
reservoirs connected to each other were built 
(poisk 474). These reservoirs were linked with the 
second canal by a system of ditches with dams. 
This canal, and when necessary also a second one, 
was used to simultaneously fill the reservoirs (I 
and II). Water in the reservoirs was raised up to 
high levels and then let into the fields by gravity 
method. These original hydraulic works resemble 
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the Medieval systems of the 15th–17th centuries 
on the lower reaches of the Daudan watered 
twice a year and also the Medieval irrigation of 
the 11th–13th centuries on the Inkardarya in the 
Lower Syrdarya (see p. 237).

The desolation of the vast Turkmen farming 
region on the Daryalyk, and the settlement of the 
Turkmen and Uzbeks in Khanabad was the result 
of feudal conflicts in the mid-19th century, the 
Yomuts revolt against the Khiva khan in 1855–
1857 (see Gulyamov 1957:22–228; Andrianov 
1958a:96–99; Bregel 1961:197–228). The Khiva 
rulers also barraged dams causing the migration 
of some Turkmen to other regions (see Kaulbars 
1881:410).

According to B. I. Vaynberg, some groups of 
Turkmen used temporary water breakouts from 
the Daryalyk and farmed there till the beginning 
of the 20th century (Vaynberg 1960:123). N. A. 
Dimo in 1913 wrote that in the district of Uaz 
there was water until 10 years ago, i.e. 1903 
(EOZU 1914:389). 

The Turkmen irrigated farming was very 
labor-intensive. According to archive data, at 
the beginning of the 20th century, in the Middle 
Amudarya, the Turkmen spent on average 80–120 
working days a year per farmer to clean their 
canals and main irrigation systems (TsGA TSSR, 
Fund 616, op. 1, d. 70, l. 34). The time spent in 
cleaning canals in the Khorezm oasis was limited, 

as the main gravity-flow canal could only be 
cleaned when the water level was low. There were 
other extremely labor intensive earthen works 
such as opening and closing saka, to strengthen 
bank dikes, etc. According to the economist S. 
K. Kondrashev, the farming economy of an oasis 
could exist “only with extreme labor intensity” 
(Kondrashev 1916:24).

According to the irrigation specialists V. V. 
Tsinzerling and I. N. Shastal, in the Khorezm 
oasis at the beginning of the 20th century, the 
maximum area of ditches and fields, in the 
administrative system sphere, was no more than 
30–45%, whereas less than 30% of the territory was 
occupied by drainage lakes and solonchak.

A very typical example of modern day 
Khorezm irrigation is the Palvan-Ata Canal. 
According to 1920s data, it was 102 km long, 
31 m wide in the upper part and 2 m deep. The 
layout of distributors and feeders was branched; 
the number of distributors was 51 for a total 
length of 913 km. The Palvan-Ata drew water 
from the Amudarya with eight saka. Of the total 
administration area (181,500 ha), only 24.5% 
(45,600 ha) was actually irrigated. In 1924–1925, 
in the basin of the Palvan-Ata, 141,000 people 
lived and the density of population was 331 
people per 1 km2 of plowed fields, or 247 people 
per 1 km2 of territory occupied by irrigation 
facilities (MRSA 1926, Kn. 2, Ch. 2:10–19).



Chapter 5 
The Lower Syrdarya

Boris V. Andrianov

In the remarkable epic poem Shahnameh by 
Firdausi, telling the struggle of the rulers of Iran 
with Afrasiab, and the evil king of Turan, there 
is a story about the origin of the fantastic city 
of Kang (Siyavushgird, ‘the city of Siyavush’), 
located beyond the Chin River (‘daryay-e Chin’) 
at a distance of a month’s march, where “the 
limitless space: desert, wherever you throw the 
gaze”, where “there is blue space of the sea on one 
side and high mountains on the other” (Firdausi 
1960:199–201, 588: note 6381).Note 171 

Many scholars identify the Kang of Firdausi’s 
poem (the city which was erected by Siyavush in 
ancient days on a steep rock), with the Kangkha 
of the Avesta, mentioned in connection with one 
of the episodes of the struggle between the people 
of Airyana Vaējah (‘the Iranians’) and the people 
of Turan (‘the Tura’), and also with Kangdez or 
Kangdiz of the Pahlavi texts (Bundahishn, Datistan 
i Menoke khrat, etc.), and finally with Kangju 
of Chinese sources (see Tolstov 1945b:218–
284; 1948a:20–26; 1948b:145ff.; 1958:72–
73; 1961:143–144; Staviskiy 1961b:113; 
Klyashtornyy 1964:167–179).

In the Bundahishn, Kangdez is mentioned in 
connection with the environs of Lake Vorukash 
(the Aral Sea?); in the Datistan i Menoke khrat it 
is located on the border with Airyana Vaējah 
(see Geiger 1882:52; Tolstov 1948a:20:note 
3). J. Marquart convincingly proved that the 
Kangju were Iranians, and localized Kang in the 
Lower Syrdarya (Marquart 1903:60–71; see also 
Shcherbak 1959:370). V. V. Bartold, and also G. V. 
Ptitsyn, Ya. G. Gulyamov and S. G. Klyashtornyy, 
placed the main territory of the Kangkha of the 
Avesta (the Kangju in the Chinese sources) in the 
Middle Syrdarya.Note 172 

In 1945, S. P. Tolstov assumed that the term 
‘Kangkha’ had the same meaning as ‘Khorezm’, 

and later he linked the original territory of Kang 
– Kangju with the vast cultural area of the two 
interlocking deltas of the Amudarya and Syrdarya. 
According to his words, “Khorezm was only a part 
of this vast area, though a very developed part, 
which became the political leader of the entire 
Kangkha” (Tolstov 1961a:143–144).

S. P. Tolstov based his point of view on the 
information of the Chinese Zhang Qian, who 
travelled in the Central Asian countries in the 
2nd century BCE and reported that the head-
quarter of the ruler of the Kangkha-Kangju state 
was placed 2,000 li (800–1,000 km) northwest 
of the capital (the city of Ershi in the Fergana 
valley) of the Davan state (Tolstov 1948a:21; see 
also Klyashtornyy 1964:173). If this information 
is accepted, then the center of Kangkha–Kangju 
could not have been located in the Middle 
Syrdarya, but placed either in Khorezm (as S. 
P. Tolstov originally supposed) or in the Lower 
Syrdarya (as J. Marquart thought). The latter 
point of view is supported by some archaeological 
evidence, in particular the similarity of cult 
burial complexes seen in the Lower Syrdarya 
(Tagisken structures of the 9th–5th centuries BCE) 
and worship buildings in Khorezm, especially 
at Koy-Krylgan-kala (see Rapoport 1962: 
79).Editor 59 The mud bricks mausoleums of the early 
Tagisken, were very grandiose for that time (see 
also Gryaznov 1966), suggesting that the sacred 
center of Kangkha was also placed near there. The 
zone of Kangkha apparently connected the lower 
reaches of the Syrdarya and the Amudarya  and, in 
the 1st millennium BCE, the people of Khorezm 
who populated the Lower Amudarya, and the 
Saka the Silis (‘Syr’), i.e. the Lower and Middle 
Syrdarya, they could call themselves Kangju (see 
names of the Syrdarya in Levshin 1832:215–264; 
Klyashtornyy 1953:189–190; 1964:73–76).Editor 60
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The Kangju state and its people were known 
in the Chinese written sources starting from 
the 2nd century BCE (Bartold 1963, Tom II, 
Chast 1:175; Tolstov 1948b:144; McGovern 
1939:40–41; Klyashtornyy 1964:173; Maksimova 
et al. 1968:8). In this period, according to Ya. G. 
Gulyamov, the Khorezmian kingdom disappeared 
from the historical arena and was included into 
Kanga (Gulyamov 1957:98). The archaeological 
excavations of Koy-Krylgan-kala (4th century 
BCE–4th century CE), and the religious center of 
ancient Khorezm, revealed traces of fire preceding 
the period of desolation (2nd–1st centuries BCE), 
which was linked by researchers to steppe tribes 
migrations.Note 173

Chinese authors referred to Kangju as a big 
state. In Central Asia, besides the main territory 
of Kangju (from Talas east, Chach south, to the 
Lower Syrdarya north), the countries of five ‘small 
rulers’ (Suse, Fumu, Yueni/Yuyni, Gi/Ji, Yuegyan/
Yuejian) were subordinate to the Kangju ruler. 
Their geographical location is open to question, and 
only the identification of Yuegyan with Gurganj, 
i.e. Khorezm, can be accepted. The Yancai people 
(Sarmatian Alans tribes of the Caspian Sea), living 
northwest, were also submitted to the people of 
Kangju. The Kangju, like their neighbors (Yuezhi 
and the Wusun), led a nomadic life, although they 
also had cities (see Bartold 1963, Tom II, Chast 
1:175–177; Tolstov 1948b:143–147; Bernshtam 
1952:208–216; Akishev and Kushaev 1963:9–24; 
Klyashtornyy 1964:171–174; Maksimova et al. 
1968:8–9, 243–248). 

In the 3rd century, the Kangju state entered 
a period of decay; in the 4th century in the Aral 
Sea area (the country of Sude?) the Chionites 
controlled it, while concerning Kangju, in the 
mid-5th century, only a small domain was 
reported under the Hephthalites’ rule (Klyash-
tornyy 1964:174; see also Nerazik 1966:125; 
1968:202). In 563–567 CE the Hephtalite state 
was destroyed by the Turks, and by 571 CE the 
border of the Turkic Khaganate was established 
in the west along the Amudarya. From that 
period commenced the process of Turkization 
of the Central Asian peoples, which became 

very important for all later cultural history of 
Central Asia.

In the first centuries BCE and the early 1st 
millennium CE, the Aral Sea area and the vast 
territories of the Eurasian steppes became the 
arena of significant nomadic migrations. The 
chain reaction of ‘the great migration of peoples’ 
from east to west was caused by internal social 
processes, development of economic-cultural 
type of pastoralist nomads, and features of the 
political history of major states in Asia and Europe, 
which experienced a deep crisis in the mid-1st 
millennium CE.

The importance of the movement of steppe 
tribes into the settled farming areas of Central 
Asia was written by V. V. Bartold: “The migration 
of peoples from north to south through the 
cultivated areas of Turkestan was, as usual, only a 
consequence of the more frequent and significant 
migrations of nomads through steppes from east 
to west; not all the nomadic hordes appearing in 
the Central Asian steppes were moving south, and 
the political consequences of this last movement 
were relatively insignificant” (Bartold 1963, Tom 
II, Chast 1:179).

These conditions can explain the extreme 
stability over a long period of time (from the 
1st century CE to the 8th–9th centuries) of the 
material culture of the three main areas: Lower 
and Middle Syrdarya – Djety-asar, Otrar-Karatau, 
and Kaunchi. In her detailed study of the ceramic 
complexes of the Syrdarya, L. M. Levina quite 
rightly explained the pottery similarities in the 
three mentioned areas by their semi-settled 
economy, which combined rain-fed or estuary 
(based on primitive irrigation) farming with 
settled herding on deltaic cane grasslands (Levina 
1967:16–17; Maksimova et al. 1968:243–245).

In the 8th century the oases of the Syrdarya 
(at that time called ‘the Kanga River’) were part 
of the Pechenegs tribes union, meaning ‘people 
(or men) of the Kanga’, which are probably 
the Kengeres in the Orkhon inscriptions (8th 
century), later known as Kangary by Constantine 
VII Porphyrogenitus (10th century), and then the 
Khangakishi mentioned by al-Idrisi in the 12th 
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century (Klyashtornyy 1964:178–179; see also 
Tolstov 1948a:23).

Starting from the Kimaki-Kipchaks’ tribes 
conquering the Pechenegs-Oguz’s lands on 
the Syrdarya in the early 2nd millennium, the 
name of Kangar (kengeres) turned into the name 
‘kangly’ (Tolstov 1957b:101, 1961a:145). The most 
important Medieval center of this region was Farab-
Otrar, which was identified by S. G. Klyashtornyy 
as ‘Kangu Tarban’ from ancient Turkic runic 
inscriptions, (Klyashtornyy 1964:155–161).

Returning to the issue of Kanga, it should be 
noted that, at the moment, the solution depends 
on the collection of archaeological materials 
characterizing the sites of nomads and the areas 
of irrigated farming of the Aral Sea region, starting 
from the 1st millennium BCE until the Mongol 
invasion, which interrupted the cultural-historical 
and ethnical traditions of Great Kangkha in 
the Avesta. The comparison of these areas from 
Khorezm to Turkestan, chronologically of different 
periods and geographically isolated from each 
other, on modern archaeological maps makes 
us doubt any direct geographical identification 
of Kangkha – Kanga – Kangju, i.e. the definite 
attribution of all these three historical-cultural 
terms to only one local area. The magnificent 
fortresses of Khorezm of the Kangju period, and 
the no less impressive fortified constructions of 
‘the Asars’ of the 1st millennium CE, far superior 
to fortifications on the Middle Syrdarya, support 
such doubt.

Since the mid-1st millennium BCE, Kanga, 
the Siyavushgird of Firdausi, was the mighty 
Khorezm (with its massive fortified settlements 
on ‘steep rocks’), together with settlements of 
herding and farming tribes of the Saka-Massaget 
on the Lower Syrdarya. The fortified settlements 
of herders and farmers on the Lower and Middle 
Syrdarya developed at the turn of our era and 
existed until the 8th–9th centuries, belonged to 
the Kangju.Note 174 Thus, the historical-geographical 
concept of Kanga changed, in relation to the 
political and ethnical geography of the Aral Sea 
area. It was also connected to the advancement 
of irrigated farming into the zone of steppe 

herding tribes, and the formation of large irriga-
tion centers in the 1st millennium BCE. Initially 
these cradles appeared in the most ancient 
channels of the Lower Amudarya, then on the 
periphery of Khorezm and on the ancient chan-
nels of the Syrdarya (the Inkardarya) merging in 
the Amudarya Delta, and later, in the 1st millen-
nium, on the younger channels and the main 
riverbed of the Lower and Middle Syrdarya and 
its tributaries (Djety-asar, Otrar-Karatau and 
Kauchin oases).

Natural Conditions
The ‘lands of ancient irrigation’ of the Syrdarya 
Basin, studied by the Khorezm Expedition, 
occupied a significant part of the left bank of the 
ancient delta in the shape of a huge triangle. It 
started in the place where the river emerged from 
the corridor between the Karatau ridges and the 
Kyzylkum plateau into the vast space of the Turan 
lowland. Almost equal to the other side, triangles 
were formed by the contemporary riverbed of 
the Syrdarya, the system of dry riverbeds of the 
Janydarya and the Inkardarya, connected with the 
ancient delta of the Akchadarya in the southwest. 
This vast territory occupied more than 400 km 
east–west and 200–250 km in the north–south 
direction. The deltaic plain gradually lowers from 
east to west; the absolute height is 140–151 m at 
the Chiili and Turtugay stations, 100 m at Djusali 
and 55 m at the seashore.

The borders of this region are the shores of the 
Aral Sea and its vast massif of sand ridges, crossed 
by valleys with north–south ancient riverbeds 
(Dayrabay, Ashinysay, etc.) in the west. The high 
desert sands of the Kyzylkume south, and the 
watered zone of the contemporary riverbed of 
the Syrdarya, full of lakes and swamps, in the 
north. Here is concentrated the contemporary 
farming population of the area. In the swampy 
depressions there are crops of rice interspersed 
with thickets of reeds, cattail and tamarisk. In 
fallow and abandoned areas there is solonchak 
and bush thickets, on the low watersheds there 
are other agricultural crops (millet, barley, etc.). 
On the river banks there are a few tugai forests 
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of silverberries, poplars, willows and bushes 
(Borovskiy and Pogrebinskiy 1958, Tom I:31, 
211–213).

The vast fertile alluvial plain of the Lower 
Syrdarya differs comparatively little in its farming 
economy capability from the Khorezm Oasis, 
placed in the lower reaches of the Amudarya. 
However, the Syrdarya is less water abundant than 
the Amudarya, which is two to three times more 
copious. The Syrdarya water is lighter, less silted 
and sandy,Note 175 but the territory, on which the 
Syrdarya sediments lie, is 1.5 times greater than 
the general area of the Amudarya delta. These 
peculiarities in hydrography and geomorphology of 
the Lower Syrdarya, if compared to the Amudarya, 
reduced its quantity of alluvial sediments and 
agro-irrigation deposits (Fedorovich 1950:211; 
Borovskiy and Pogrebinskiy1958, Tom I:460.Editor 61

The same general patterns defining the 
relief formation of the whole landscape of the 
Amudarya Delta were also characteristic for the 
Lower Syrdarya. In its lower part, the Syrdarya 
flowed through the gently sloping elevation of its 
sediments, due to which even a small rise of river 
water level overflowed the banks and flooded a 
vast area. Natural river overflows took place both 
in summer flood time and in winter during the 
ice blockage. Due to mixed feeding the maximum 
water flow shifted from July to June (water flow 
in June was 1,300 m3/sec, in January it was 340 
m3/sec and on average it was 600 m3/sec). At the 
beginning of December, and just below Kyzyl-
Orda, the river froze and it did not thaw until 
early April.

According to B. A. Fedorovich and A. S. Kes, 
the earliest prehistoric riverbeds of the Syrdarya 
(pre-Syrdarya) flowed considerably south of the 
contemporary deltaic plain, in the territory of 
the Kyzylkum, where the former riverbeds of 
the Darya-sai, etc. were preserved (Fedorovich 
1950:212–213; Kes 1958).Editor 62 Perhaps, in 
that remote time, the pre-Syrdarya joined the 
pre-Amudarya (Tolstov and Kes 1954:141–145; 
Kes 1958). At a later period (at the beginning 
of the early Quaternary period, according to 
B. A. Fedorovich), the filling of the Kyzyl-Orda 

basin and the river outbreak into the Aral Sea 
(at 70 m above sea level) took place (Borovskiy 
and Pogrebinskiy 1958, Tom I:19). Then began 
the long-term process of formation of deltaic 
sediments, the shift of numerous riverbeds, and 
this region climate conditions were about the 
same as today, i.e. arid (Gerasimov 1937:37; 
Fedorovich 1950:206; Ilin 1946:225). Editor 63

According to geographers, before the develop-
ment of irrigated agriculture, the entire delta was 
a huge area with numerous lakes and swamps, 
including meandering riverbeds full of water. 
Water slowly flowed down northwest on a very 
wide front, making its way through the sand 
ridges of the Eastern Aral massif then north. 
These features forming the ancient hydrography 
are expressed in the contemporary landscape 
of desert plains, cut across by meandering dry 
riverbeds with thickets of saxaul, a few remains of 
hilly sands, and with bare spaces of clay takyr, a 
mosaic interspersed with patches of grass. Judging 
from the remains of ancient irrigation works and 
sedentary agricultural settlements, fortresses and 
cities, this desert space, with a total area of 2.5 
million ha, was exploited by farmers in the past, 
but now it is used only as pasture for grazing 
cattle. The area of the contemporary cultivated 
oasis along the Syrdarya is less than 100,000 ha.

The interpretation of aerial photographs and 
the complex field survey disclosed the ancient 
hydrographic network of the Lower Syrdarya, 
characterized by a complex interplay of riverbeds 
both east–west (mainly the eastern part of the delta) 
and north–south (prevailing in the southwest). 
Among the most significant and best marked in 
relief are the riverbeds of the Janydarya and the 
Kuvandarya, which are traced over almost their 
whole length, from the contemporary cultivated 
Syrdarya area to the shore of the Aral Sea. The 
Janydarya and the Kuvandarya run in parallel 
to two other riverbed systems of the Inkardarya 
and the pre-Kuvandarya (Northern Kuvandarya), 
preserved as separate parts not covered by later 
stratifications. Now, these rivers do not have direct 
links with the Syrdarya.
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Irrigation Works of the First Quarter of the 
1st Millennium BCE
Prehistoric culture sites in the lower reaches of 
the Syrdarya have not been studied enough, and 
ancient irrigation works of that period are not fully 
identified. Encampments of the late Kelteminar 
culture dated to late 3rd–early 2nd millennia BCE 
were discovered on the northern shore of the Aral 
Sea. They were in the environs of the Saksaulskaya 
railway station (Formozov 1945, 1949; Vinogradov 
1959), and in the area of Jalpak (Vinogradov 
1963), in the lower reaches of the Inkardarya, 
which S. P Tolstov considered the delta main 
water artery at that time (Tolstov, 1961a:116–117; 
1961c:4). The Inkardarya riverbed could not 
possibly contain all the Syrdarya water and there 
is reason to suppose that there was another large 
channel, which would have a similar direction to 
the modern Syrdarya riverbed. 

The Expedition discovered herder encamp-
ments of the Bronze Age in the sands surrounding 
the banks of the Inkardarya. Among them, a 
graveyard with 70 kurgans revealed through the 
aerial survey of 1959 on the plateau of Tagisken, 
was particularly interesting. Thanks to archae-
ological digs, part of the complex burial structures 
from the northern group graveyard was dated to 
the 9th–8th centuries BCE. The Saka kurgans of the 
southern group, like the kurgans of the neighboring 
hill of Uygarak, were dated to the 6th–5th centuries 
BCE (Tolstov 1962a:79–88; 1962b:127–138; 
Tolstov and Itina 1964; Gryaznov 1966).

The excavations, directed by S. P. Tolstov and 
M. A. Itina, provided materials which allowed to 
characterize the Tagisken culture (Tolstov 1962a–
b; Tolstov, Jdanko and Itina 1963:36–47; Tolstov 
and Itina 1964; OIKK 1964, Tom I; Gryaznov 
1966).Editor 64 The rich collection of Tagisken vessels 
and other finds, such as large sized mud bricks, 
led us to conclude that the settling of these tribes 
involved breeding of cattle, goats and farming 
(Tolstov 1962a:137). The spread of farming with 
the Tagisken culture bearers can be discerned by a 
few sites scattered along the Inkardarya riverbeds 
east of the Tagisken graveyard, discovered by 
the Expedition in 1960–1961. Besides ceramic 

fragments similar to the Tagisken type, ceramic 
slags and calcareous millstones were found in 
this region. At one of the settlements (poisk 6, year 
1961), remains of settled type dwellings and some 
weak traces of irrigation ditches, branching from 
the large riverbed nearby, were found.

Better preserved irrigation works were dis-
covered in 1959 in the Middle Inkardarya, 
around the so-called ‘slag kurgans’ dated to the 
6th– 4th centuries BCE by three-winged bronze 
arrowheads of the early Scythian period (Tolstov 
1961a:138–142; Tolstov, Jdanko and Itina 
1963:43). Due to the proximity of kurgans, some 
sites represented by clusters of rough handmade 
pottery were discovered.Note 176 Traces of irrigation 
facilities related to these settlements were 
recorded on the bank of the Middle Inkardarya 
in an area extending for 12 km (poisk of the year 
1959: 11, 14, 17, 18–21, 37).

During the survey of 1959 on the right bank 
of the riverbed we discovered for the first time 
a small irrigation system 600 m long, and the 
settlements topographically linked to this system 
which, according to finds, could be attributed to 
the ‘slag kurgans’ culture. The canal was pre served 
just as a dark band shape 3.5 m wide, which 
started in the ancient floodplain river terrace and 
was covered with sand and vegetation (Figure 
51.A). In the lower part of the canal bank remains 
in the shape of hills 3–3.5 m wide were found. The 
general canal width was apparently no more than 
10 m. Lateral branches were rare and generally 
had a primitive outlook with angular, and ‘sub-
rectangular’ layouts. 

Site 11 (poisk 11, year 1959) was located 
north of the canal and it was preserved as a large 
accumulation of ceramics which, according to L. 
M. Levina, were similar to the pottery found at 
another site, located east, right on the southern 
bank of the riverbed (poisk 18). This site was 
fortified with a low wall, now preserved only as a 
very small ridge (see Figure 51.A). In the environs 
of this site, on both banks of the Inkardarya faint 
traces of canals, small agro-irrigation layouts, and 
quadrangular field plots were found, indicating 
farming activities of the ancient inhabitants.
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Another site, with similar findings, was 
discovered on the opposite and northern side of 
the Inkardarya (poisk 20), where traces of agro-
irrigation layouts were faintly expressed in relief, 
but were sufficiently well indicated on the area 
large-scale aerial photographs.Note 177 In this place 
several irrigation systems were discovered, two 
of them branched from a lateral channel of the 
Inkardarya and two others from the main riverbed 
(see Figure 51.A).

The most significant canal by size was situated 
3 km northeast of the area described above (poisk 
23, year 1959). The canal was preserved as a 
dark line, 9 m wide and covered with biyurgun 
(Figure 51.B). In its eroded banks, pottery of the 
‘slag kurgans’ culture was found. The total width 
of the canal seems to have exceeded 20–25 
m. It branched from the Inkardarya and was 
traced for a length of 1.5 km. The remains of a 
site, evidenced as an accumulation of ceramics, 
occupied an area of 30 × 20 m near the head 
works of the canal.

About 4 km east of the kurgans, the riverbed 
of the Inkardarya branched: the narrower channel 
(up to 40–50 m wide) was slightly sinuous and 
marked in relief by a shallow bed becoming flat 
in some places; the wider channel (100 m wide), 
on the left, abruptly meandered. In the narrow 
lateral channel water flow was probably less rapid 
and powerful, and the water inlet could have been 
regulated from the main riverbed. Therefore, the 
heads of canals were built on the lateral channel, 
where it merged with the main Inkardarya 
riverbed, as well as on the main riverbed, but 
lower than at their confluence.

At the confluence of the Inkardarya lateral 
channels, remains of a small island (see Figure 
51.A) dividing the riverbed into two narrower 
parts (30 m wide) were visible. Possibly this island 
played an important role as a contingent dam used 
when necessary to regulate the water level. Reeds 
and earthen bundles were enough to narrow 
channel sizes in order to force the flowing water to 
rise to the needed level to irrigate the fields. Such 
structures are known in the contemporary period 
among the Karakalpaks as kysme-bugut or kysme-

saga, and are described by N. N. Belyavskiy.Note 178

Concluding the description of the remains of 
irrigation of the 6th–4th centuries BCE preserved 
in the lower reaches of the Syrdarya, it should be 
noted that this small farming oasis in the Middle 
Inkardarya existed only for a very short time. 
A regularly settled, irrigated agriculture, based 
on the use of main canals, had not yet become 
the main activity of inhabitants of the Lower 
Syrdarya at that time. Herding and the primitive 
kair farming still prevailed in their economy, 
which continued Bronze Age traditions (Tolstov 
1959b:145).

Significant plots with remains of irrigation 
works of a later period (4th–2nd centuries BCE) 
were found in the Middle Janydarya, near the 
ruins of Chirik-Rabat (which, according to S. P. 
Tolstov, was the capital of the local Massagets 
or Saka tribes at this time), Babish-Mulla and 
Balandy, some fortified sites of the Saka. The 
richest farming traces and the largest number 
of rural sites dated to the 4th–2nd centuries 
BCE were found in the environs of Babish-Mulla 
(Tolstov, Vorobeva and Rapoport 1960:40–43; 
Tolstov 1961a:123–126; 1962a:156–158).Note 179

Irrigation in the Environs of Babish-Mulla
At that time, this entire area was an inner ‘delta’: a 
wet, swampy plain crossed by massive sand ridges 
and numerous meandering rivers, on which the 
inhabitants’ economy was based (Figure 52). The 
deltaic areas were known to be characterized by 
the high variability of their hydrographic regime. 
The rate and flow capacity of the individual 
channels changed, and the location of irrigation 
riverbeds and flood changed correspondingly (see 
Andrianov 1958a:17–35). The agriculture of these 
places was developed under frequent and variable 
water level conditions in riverbeds and generally 
speaking in small channels and floods (see Tolstov, 
Jdanko and Itina 1963:74).

The remains of ancient irrigation works 
were recorded in the territory around Babish-
Mulla, located north of a large bend in the main 
Janydarya riverbed resembling the shape of a 
Scythian bow. Its ‘upper’ part reached Akkyr, 
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the eastern part started at the Tagisken elevation 
and the western part approached Chirik-Rabat. 
The distance from Tagisken and Chirik-Rabat 
was approximately 65 km in a straight line. The 
whole space in between was cut across by small 
meandering riverbeds with mainly north–south 
and southwest directions.

The archaeological-topographic research of 
the Middle Janydarya ancient irrigation works 
indicated that irrigation, in that period, was based 
on the wide use of fading riverbeds and former 
small channels beds of the inner ‘delta’ which 
formed a highly branched system. Irrigation was 
carried out according to the scheme: river – former 
riverbed – feeder – field. Small ditch networks 
had ‘sub-rectangular’ branching (see Figure 51.D–
E). Many canals were without branches and 
characterized by steep sloping (to 1 cm per 1 m) 
from riverbed to field (see also Bowen 1958:45). 
Farming settlements were usually placed on fluvial 
ridges, next to riverbeds adapted for irrigation. In 
some cases the large main canals, 10–20 m wide, 
were at present marked on the surface by light 
takyr lines running on the highest points along the 
former rivers and deltaic riverbeds.

In the environs of Babish-Mulla the irrigation 
system consisted of three large riverbeds diverting 
from Akkyr in a fan shape, 20–40 km west and 
northwest (see Figure 52). The middle channel 
supplied canals irrigating fields around the 
settlement of Babish-Mulla. The northern channel 
supplied water to numerous north–south canals 
flowing along ancient riverbeds and sand ridges 
through inter-ridge depressions. The south 
channel, after joining the middle one, continued 
far west through a large canal. The southwestern 
group of sites was placed on this channel (see also 
Tolstov, Vorobeva and Rapoport 1960:40–41).

As shown by a trench, the ‘takyr’ riverbeds 
were formed with a sand thickness, clay loam 
and clay, and these sediments were embedded 
in upward slopes along the banks. In the past, 
very still water slowly flowed in such riverbeds, 
forming tranquil back-waters.

Test trenches on one of the riverbeds in the 
environs of Babish-Mulla north of Akkyr (poisk 

390) produced the following results: at the bottom 
of the riverbed, at a depth of 1.2 m, were found 
alluvial sand and two thin layers of layered loam 
above it, indicating the beginning of the fading 
channel process. Above that there was again 
alluvial sand, which, at the depth of 1 m, changed 
into a massive (70 cm) layer of dense dark-brown 
loam (layer 4). The loam border with a lower sand 
layer was very apparent, indicating a hydrographic 
regime change from fast flowing water to slow, 
semi-stagnant water. The thickness and uniformity 
of loamy clay sediments were evidence of a period 
of relative continuity, when water in the fading 
channel started to be regulated by dams and used 
for fields irrigation.

The upper light-colored layer of loamy 
clay sediments was connected with the fading 
riverbed, already abandoned by farmers when 
the flow was not sufficient. Precipitation brought 
fine earth-material from the banks which started 
accumulating in depressions. The contemporary 
loamy surface was covered with takyr crust devoid 
of vegetation. The riverbed was no more than 
25 m at low water level and approximately 40 m 
at high, which corresponded to the average size 
among the main larger canals of Khorezm.

Most of the riverbeds of the Babish-Mulla 
Oasis were preserved in the shape of very flat 
banks with gentle slopes, with an average height 
70–150 cm above the surroundings. In the highest 
parts, the profile levels revealed traces of canals in 
the forms of takyr bands. The northern riverbed, 
located 4 km northeast of the Babish-Mulla site 
(poisk 255), had an overall width of 80 to 100 m.

Among the three major canals of the Babish-
Mulla Delta, the middle channel was the most 
important for the life of the whole surrounding 
rural area. It supplied water to canals on which 
all adjoining sites were based (see Figure 52). 
On this riverbed the peculiar system of several 
reservoirs was used, by which the water level was 
regulated and the stability of the irrigation source 
ensured over a long period. The deepened parts 
of the former riverbed were interconnected by 
small canals, and water accumulated in it during 
freshets. It reached a high level, and when the 
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water level in the main bed fell, reservoirs were 
used as needed. 

The most significant reservoir in the environs 
of Babish-Mulla started 600 m northwest of 
Akkyr in the shape of a very meandering 
deepened riverbed, 50–60 m wide and 2 m 
deep (Figure 53.A). The length of the deepened 
riverbed section adapted for the reservoir was 
3 km. If the average width (40 m) and depth 
(2 m) are accepted as correct values, then 
its general size was approximately 200,000–
250,000 m3. Short canals supplied fields with 
water and branched from both sides. The banks 
were dotted with fragments of pottery, stones 
from fireplaces, pieces of quartzite implements, 
millstones, etc. The reservoir ended where the 
riverbed was connected with a neighboring 
parallel riverbed by several canals. In one of these 
canals a large rural site (poisk 242) was found and 
it will be described in detail as follows (see also 
Tolstov, Vorobeva and Rapoport 1960:41) (see  
Figure 51.E).

The settlement was located 300 m west of the 
northern channel and 7 km east of Babish-Mulla. 
The canal was preserved as a takyr band 4 m wide. 
The dwellings appear on the takyr surface in the 
shape of contoured areas with vegetation, rich 
ceramic accumulations, quartzite implements, 
fragments of millstones, stones from fireplaces 
and bones (see Tolstov, Vorobeva and Rapoport 
1960:43:fig. 31).

The settlement ‘sub-rectangular’ topography 
corresponds to some extent to the agro-irrigation 
layout. Lateral ditches branched off the canal on 
one side only, and thus resemble the Archaic 
systems of Khorezm. Of greatest interest were 
traces of a field, crossed by irrigation ditches 
in the middle, with a perimeter sides 45 × 46 
× 52.5 × 43 m (see Figure 51.E). In its size and 
character of layout, this field was very similar to 
the one described above, i.e. a field layout near a 
rural settlement of the 4th–2nd centuries BCE in 
the environs of Djanbas-kala (poisk 631), which 
is similar to the field mentioned in Videvdat 
(see p. 164). It is difficult to say whether we 
were dealing with an accidental morphological 

coincidence or with the adoption of irrigation 
techniques from Khorezm.

Below this site and the reservoir, the middle 
riverbed became a very flat bank gradually 
rising above ground and reaching a height of 
130 cm 6 km from Akkyr. The leveling survey 
revealed that the central takyr strip, 22 m wide, 
corresponded to the bottom of the canal. The 
banks had a total width of 80–100 m and were 
dotted with ceramics. The slope of a network of 
small ditches, branching from the main canal 
had an average of 130 cm per 100 m. The 
middle stream preserved this character up to its 
branching into two riverbeds (2 km northeast of 
Babish-Mulla). The left riverbed, in the shape of a 
flat wall, continued south after some sharp bends 
and joined the southern riverbeds system of the 
‘delta’. It seems that the right riverbed ran out 
uniformly in the surroundings, but it was possible 
to trace a narrow ditch 1.5 m wide flowing into 
the next water intake basin. Like the first one, 
it was approximately 40 m wide, 1.5–2 m deep 
and 700 m long. Its capacity was about 45,000–
55,000 m3. It was connected to the third canal 
reservoir, which was preserved as a takyr strip 
6–7 m wide and 30 m long. The third reservoir 
had a size very similar to those described above. 
Its length was approximately 900 m long and 
ended 250 m north of the site (see Figure 53.A). 
The estimated capacity was 65,000–75,000 m3.

All three reservoirs were in a chain along the 
middle channel. They could retain a significant 
amount of stored water and provide a stable 
irrigation source for the settlements: the Babish-
Mulla fortress and a number of unfortified 
settlements which stretched along the central 
canal, with its source in the last depression 1 km 
northeast of the site.

The question of this canal origins is rather com-
plicated. The 1957 archaeological-topographical 
research revealed that the main canal of Babish-
Mulla was connected with both the middle (from 
north) and southern riverbeds of the inner ‘delta’ 
starting at Akkyr. Initially, it was assumed that 
its main source was south, 6 km from Babish-
Mulla (Tolstov, Vorobeva and Rapoport 1960:41). 
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However, the next analysis of archaeological-
topographical materials clearly revealed a system 
of reservoirs on the middle riverbed, forcing us 
to consider that the northern end, originating in 
the reservoir basin, was the main source. This 
deduction does not contradict S. P. Tolstov’s idea 
expressed in 1957 that, using a very slight slope, 
the irrigators of the Babish-Mulla ‘oasis’ would 
have been able to use the middle or southern 
channels as a water source.

The farming oasis, which was based on the 
main canal, extended for 4 km from northeast 
to southwest. During a detailed survey it was 
found that the complex of sites of the 4th–2nd 
centuries BCE bearing the name ‘Babish-Mulla’ 
included the ruins of the large settlement-fortress 
of Babish-Mulla I; the ruins of a large burial 
structure of Babish-Mulla II, located 150 m to 
its west; a number of unfortified settlements 
stretched like a chain along the canal (Tolstov 
1947c:180; 1948b:57–58; 1949:254; 1952:30–
31; 1961a:124–126, 1962a:154–170; Tolstov, 
Vorobeva and Rapoport 1960:40–59).

The canal, as already mentioned above, had 
its origin from the channel, 1 Km north-east of 
Babish-Mulla. It was preserved in the shape of a 
light takyr band 9–10 m wide (see Figure 53.A–B). 
Initially it ran along the fluvial levee, following the 
riverbed meanders, and then it turned directly 
southwest; forming, near the settlement of Babish-
Mulla, some short canals branching from it on 
either sides and several irrigation ditches supplying 
the fortress with water. About 1 km from the last 
mentioned site, the canal changed its direction 
from southwest toward south and it was traced 
very clearly for 1 km from there. The bottom of the 
canal, preserved as a takyr band, became 10–11 m 
wider then it narrowed to 7 m. A darker band 3 m 
wide was well detected in the middle by biyurgun 
bushes. The central group of settlements was most 
significant in its large pottery accumulation, and 
visible layouts of separate dwellings (see Figure 
52). There were more than a dozen dwellings or 
groups of dwellings in this hamlet.

The southern group of settlements on the 
Babish-Mulla canal started 1.2 km south of the 

settlement. The ceramics scattered here belong 
to seven main clusters. There are characteristics 
sherds of different pottery vessels, where those 
manufactured with a potter’s wheel prevail. Rough 
implements made of quartzite, Scythian bronze 
arrowheads, dated back mainly to the 4th–2nd 
centuries BCE were also found there (Tolstov, 
Vorobeva and Rapoport 1960:44).

There were many traces of small branches 
from the main canal near these settlements. The 
majority had a peculiar typical configuration 
(see Figure 53.A). In its lower part the canal 
branched out almost at a right angle into two 
canals, and each of them branched at right angles 
into a series of small irrigation ditches supplying 
water to fields. As already mentioned above 
(see p. 170), this irrigation system with a ‘sub-
rectangular’ configuration is typical of the early 
stages of irrigation development. They were found 
in Khorezm in the Tazabagyab period (mid-2nd 
millennium BCE) and in the Archaic systems 
of the 7th–5th centuries BCE. The principle of 
irrigation system construction with right angle 
branches from the main riverbed was fairly 
widespread in different countries of the ancient 
Orient (see p. 160).

The head works of distributors, as a rule, had 
two or three heads. For example, a small system 
head structure northeast of Babish-Mulla, started 
in the riverbed with two sources (poisk 261). A 1 
m wide band was clearly distinguishable on the 
ground by the soil dark color and biyurgun 
bushes. Ten meters from the riverbed they joined 
into one wider line, representing the remains of 
the bottom of the ditch, traced for a distance of 
50 m. In the lower part of the canal no embank-
ments were preserved, but in the depressions 
pottery fragments of the 4th–2nd centuries BCE 
were found.

Another, adjacent, significant farming oasis 
of the 4th-2nd centuries BCE, in the shape of a 
large number of single settlements and irrigation 
works was found by the field team during the 
1957 trip from Chirik-Rabat to Babish-Mulla  
(Tolstov, Vorobeva and Rapoport 1960:41). This 
southwestern group of sites was located 11–20 km 
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southwest of Babish-Mulla on a latitudinal part 
of the southern channel, revealed now by a flat 
bank 60–80 m wide, towering over the area for 
90–100 cm in height. On the bank slopes and on 
lateral branches up to 20 separate settlements, 
with a preserved accumulation of ceramics were 
recorded. The distance between the settlements 
was 40–800 m and the total length of the oasis 
was 9 km. In some of the settlements, low mounds 
(30–50 cm high) were visible: they were the 
remains of dwellings with basements and room 
layouts. Near the settlements there were traces of 
small ditches branching from the diked riverbed. 
Canals were traced on the takyr light surface as a 
band of darker soil or accumulations of sand and 
regular rows of saxsul and biyurgun.

At one of the settlements, the eastern one 
(poisk 244), we recorded the upper head sections 
of four canals, the most extensive of which was 
preserved for 2 m and the distance between the 
four canals was between 6.6 m and 8 m. They 
branched from a diked riverbed. In the center 
there was a canal bed in the shape of a light takyr 
band, 5 m in size and dotted with a few pottery 
fragments. The settlement, which was preserved 
as a large accumulation of pottery fragments, was 
located east of the ditches.

Numerous fragments of wheel-made and 
hand-made pottery, fragments of quartzite tools, 
three-winged Scythian arrowheads (dated to the 
4th–2nd centuries BCE), millstones, ceramic 
and iron slag and ingots were collected on the 
southwestern group sites.

As mentioned above (see p. 219), the northern 
channels of the Babish-Mulla Delta, supplied 
a series of canals with water, occupied the 
inter-ridge depressions of mainly north–south 
direction (see Figure 52). One of these canals, 
the most western, had a reservoir similar to 
Babish-Mulla (poisk 305–306). The canal length 
was approximately 8 km long. It had its origin in 
the northern channel of the delta and it joined 
the former riverbed, adapted as a reservoir 300 
m long, by three canals (Figure 54). The canal 
sources with three canals, two of which were the 
widest (8 and 6 m), starting in the western edge 

of the hollow (basin), and the third branched 
far upstream, directly from the channel, and 
supplying water to the reservoir.

The ancient irrigation ditches were preserved 
on the modern surface as takyr bands lighter 
than the surrounding areas; these lines converge 
together in the main canal bed 15 m from the 
hollow. The latter is 10 m wide and on the 
highest point of a flat bank, which is now 1 m 
over the surrounding area. This bank represents 
the remains of an ancient riverbed used for 
irrigation. In its middle, a takyr strip, 8–10 m wide 
in the upper part and 4–5 m in the lower part, 
is preserved. This marked the canal bed. In its 
lower part, small ditches branched out, forming 
several local systems, well visible on the surface 
and from aerial photographs. Adjacent to it, most 
of the pottery clusters were found (remains of 
non preserved sites). The largest site occupied a 
territory of 100 × 150 m in size (poisk 310).

Other major canals were discovered north and 
northeast of Babish-Mulla. One of them, starting 
5 km north of the fortress, was approximately 8 
km long (see Figure 52). The main watercourse 
that fed this canal was the northern channel, 
starting at the ancient Janydarya near the Akkyr 
elevation. The riverbed was preserved as a very 
flat bank, poorly marked by relief and vegetation. 
It was 175 m wide. The canal began with three 
ditches barely visible on the ground, in the form 
of light meandering of takyr (poisk 324). These 
bands merged into one 3.5–4 m wide 30 m from 
the riverbed. These are traces that the main canal 
ran along the riverbed.

About 5 km from the riverbed sources, the 
canal makes a very sharp bend and changes 
its general direction from east–west to north–
south (poisk 319). The bottom of the canal was 
preserved as a light takyr band 3.5–4 m wide. 
Three kilometer north of the bend, the central 
takyr band broadened to 6 m.

The majority of irrigation ditches branched 
right from the main canal. They supplied 
water to fields, which were preserved as diked 
quadrangular plots revealed many times by 
vegetation. The central canal area of one such site 
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was surveyed by the archaeological-topographical 
unit near a location, on a steep bend, south of the 
river levee (poisk 326). The site was preserved as 
a small cluster of ceramics visible on the takyr 
among hills covered with biyurgun. On the takyr 
below the settlement, traces of fields and a small 
irrigation network were found. The fields were 
small in size, of irregular, pseudo-trapezoidal 
shape with side perimeters 18 × 12 × 10 × 
18 m in size. The ditches watering them were 
approximately 1 m wide.

Remains of agro-irrigation layouts were 
recorded in several places. At poisk 356, near the 
canal, traces of fields in the shape of rectangular 
layouts with sides measuring 11 × 6 m, 10 × 4 
m, etc. were found. They began directly from 
the canal and were bordered on the other side 
by irrigation ditches running parallel to the 
canal (see Figure 52). The majority of sites and 
accumulations of rough ceramics of the 4th–2nd 
centuries BCE were found near the main canal. 
The largest settlement was found in the lower 
part of the canal (poisk 350). An accumulation of 
pottery, over an area of 300 × 50 m, stretched 
along the canal and sand dunes from north to 
south. The layout of dwellings could not be traced, 
but many fireplace stones were preserved.

The remains of ancient irrigation works of the 
4th–2nd centuries BCE were also discovered far 
northeast of Babish-Mulla, in particular on the 
channel originating from the Janydarya, in the 
environs of the Medieval site of Djend. In the 
lower reaches of this channel, north of Akkyr, 
the riverbed was marked on the ground by a flat 
bank 100 m in width and 1.2 m high over the 
surrounding area. In the center of the bank there 
was a takyr band 30 m wide without vegetation 
(Figure 55.A). Traces of small irrigation networks 
were visible on both bank sides. The largest lateral 
branch was approximately 12 m wide (poisk 426).

The canal derived from the diked riverbed at a 
right angle. Small mounds 3–5 cm high above the 
banks and traces of the ditch bed, in the form of 
light takyr band 3 m wide, were preserved (Figure 
55.D). There was an accumulation of sand, saxaul 
bushes and biyurgun on the banks, which were 

dotted with ceramics of the 4th–2nd centuries 
BCE. As a rule, the canals branched off at right 
angles and had ‘sub-rectangular’ branches. For 
example, at poisk 402, 16 km northeast of Babish-
Mulla, traces of a ditch 1.5 m in size, were clearly 
visible on the takyr as a light clay band without 
vegetation. Lateral branches diverted from the 
ditch (as seen in Figure 55.B) at right angles, 
mainly in one direction. Attention is drawn to the 
unclear traces of the canal broadening, indicating 
the possible presence of holes, whose purpose was 
not entirely clear. Perhaps the water was raised 
using primitive water lifting devices (leather 
baskets, shovels, etc.; see also Forbes 1955, Vol. 
II:30–31).

The archaeological-topographical research 
in the environs of Babish-Mulla revealed traces 
of 150 sites, among which about 100 could 
apparently have existed simultaneously. Assuming 
an average of 20–30 inhabitants/ village, the 
farming oasis could have been populated by 
2,500–3,500 people (including the population 
of the Babish-Mulla settlement, which scarcely 
exceeded 500 people).

In this oasis there were no large watering 
systems and irrigation was based solely on the high-
water of the Janydarya, accumulated in specially 
adapted reservoirs of former deltaic riverbeds 
and small and short ditches. Measurement of 
these systems, by the archaeological-topographical 
surveys, enables us to determine the general 
volume of excavated soil equal to 150,000–
200,000 m3. In order to achieve this, the labor of 
1,500–2,000 diggers for 50 days (at a rate of 3 m3 
per day) was necessary. This would have exceeded 
the labor resources of the local population 
(800–1,125 working men). However, the local 
force would have been sufficient for the annual 
cleaning and irrigation maintenance. Such work 
could have been done by 500–800 diggers. For 
one hectare of irrigated land, on average 100–120 
working days were spent.

In the environs of Babish-Mulla, traces of 
irrigation ditches, fields and settlements were 
recorded over an area of 10,000 ha. If 500 ha 
(5% of the entire territory) were cultivated 
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simultaneously, the annual millet harvest (1,500 
kg/ha) would have provided 750 tons of grain. 
It means that 5,000 people could have been fed 
from one harvest to another (at a daily rate of 400 
gr of millet per person). This calculation enables 
us to conclude that the harvest was sufficient to 
feed the whole population of the oasis.

Irrigation in the Environs of Chirik-Rabat
South of Babish-Mulla and the Janydarya riverbed 
and up to the Kyzylkum sand massifs the plain is 
occupied by meandering latitudinal channels of 
the Middle Inkardarya. Based on vertical aerial 
photographs, particular takyr light spots alternate 
with dark-gray patches overgrown with camel 
thorns, and cut across by very few sand ridges. 
A series of less massive riverbeds, which in turn 
branched out into smaller arms, derived from 
the main course of the Janydarya. In the past, 
these arms watered numerous irrigation systems 
visible in aerial photographs and detectable by the 
vegetation marking them.

East of the Chirik-Rabat ruins, the ancient 
capital of the Massaget union or Saka tribes,Note 180 
irrigation systems, in close proximity to the settle-
ment, were based on a lateral channel of the 
Janydarya adapted for irrigation. It started south 
of Akkyr and had a general southwest direction, 
parallel to the main riverbed; its overall width was 
approximately 60 m between banks (Figure 55.E); 
its slopes were dotted with ceramics and overgrown 
with saxaul. Apparently, in many places the lateral 
channels were strengthened by embankments.

The majority of canals branched to the right 
and were preserved as flat banks 30–40 m in 
size, with clearly marked ridges and a depression 
between them 12–15 m wide (Figure 55.G). Thus, 
8 km northeast of Chirik-Rabat (poisk 521), the 
canal was preserved as a flat bank 15 m in size and 
dotted with pottery. Upstream, the canal banks 
were better preserved; they were 28–30 m wide 
and 10–12 m between banks.

A canal 30 m wide (poisk 524) and 15 m 
between banks was found 10 km northeast of 
Chirik-Rabat; individual ceramic clusters of the 
4th–2nd centuries were found on the canal. Most 

of the settlements were located along the canal in 
the form of significant ceramic accumulations, but 
building layouts were almost invisible (poisk 514, 
517, 519–531, 533–536, year 1958). Settlements 
were usually characterized by wheel-made 
pottery. There were finds of bronze socketed 
arrowheads (dated to the 4th–2nd centuries BCE).

In the described area, small irrigation net-
works and agro-irrigation layouts almost did not 
survive. Among the large irrigation works, except 
for the canals, of great interest were the reservoirs, 
obtained from former riverbeds. One such former 
riverbed 1.5 km long had been surveyed east of 
Chirik-Rabat (poisk 517). As may be seen in its 
profile (Figure 55.F), the width between the fluvial 
banks was approximately 20 m. The banks of the 
former riverbed were strengthened with dikes, 
whose walls are sometimes preserved. Water 
was supplied to it by a canal, which started in 
the already described Janydarya lateral channel. 
The use of former riverbeds as reservoirs was 
well known in the environs of Babish-Mulla (see 
p. 219). On the banks of the former riverbed, 
accumulations of the already known types of 
pottery typical of the sites in the 4th–2nd centuries 
BCE were discovered.

East of Chirik-Rabat, a series of sedentary 
farming settlements of the 4th–2nd centuries 
BCE was found in 1959 (poisk 12a, 16, 25–36, 
year 1959). The most significant among them was 
the area of Balandy, where two burial structures 
(Balandy 2 and 3) and a small fortification 
(Balandy 1). Adjacent rural settlements were 
found and dated on the basis of the 3rd-2nd 
centuries BCE excavations (see Tolstov, Jdanko 
and Itina 1963:67; Tolstov 1962a:178–180).

The fortified settlement of Balandy 1 was the 
center of a small agricultural oasis with a total 
area of 150–200 ha (see Tolstov, Jdanko and Itina 
1963:68:fig. 32). The settlement was located on 
the lower reaches of a branch of the Inkardarya 
Delta, preserved as a clay bank 50–60 cm high 
above the takyr (Figure 56).

The canal irrigating the environs of the 
Balandy 1 settlement began 1.5 km from it in 
the above mentioned east–west channel. Initially, 
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it followed the curves of the riverbed over 1 km, 
straightening abrupt bends, then it branched out 
into several minor irrigation ditches, approaching 
the site from northeast. In its upper part the canal 
was expressed by a flat bank and a takyr strip more 
than 10 m wide. In many places remains of banks 
were preserved as small mounds 30–50 cm high, 
with a distance between banks no more than 
3.5 m. In the surrounding settlements the canal 
was washed away and indicated only by alluvial 
sand and rare saxaul bushes. The territory of the 
site had a general area of approximately 8 ha and 
was bounded by a large sand dune in the southeast 
and a vast takyr northwest. It was crossed by a 
network of narrow ditches covered with clusters 
of ceramics, and in some places the rectangular 
layout of dwellings (6 × 10 m, 8 × 10, etc.) was 
visible. The number of individual dwellings 
surrounding the fortification of Balandy was more 
than two dozen. Assuming that a family with an 
average of 7–10 people lived in each dwelling, 
then the total number of village inhabitants 
(together with site inhabitants) could have been 
200–300 people. Among them there would have 
been 70–100 working men. In order to maintain 
a canal 5 km long, with a cross-section of 4 m2, 
it was necessary to remove 20,000 m3 of soil, 
which would have been possible for 200 diggers 
working 50 days. Thus the local labor resources to 
construct the irrigation system were not sufficient. 
However the canal cleaning could have been 
carried out by local labor; it required the work of 
60 men for 50 days. The whole territory occupied 
by canals and fields measured about 150–200 ha, 
15–20 ha of which were cultivated. It was possible 
to harvest 22.5–30 tons of millet (with a yield of 
1,500 kg/ ha) from this area. These grains could 
feed the entire population throughout the year.

* * *

Concluding the description of ancient irrigation 
works in the Lower Syrdarya, it should be noted 
that the main problem of stability of the source of 
irrigation was solved here quite differently than 
in the Lower Amudarya. On the Amudarya, the 

main channels of the Southern Khorezm were 
enclosed by protective embankments and the 
flood water regulated by a complex system of 
dikes and head works already in the second half 
of the 1st millennium BCE. In the Syrdarya Delta, 
inhabited by the ‘barbarian’ Saka-Massaget tribes, 
more primitive regulation methods for flood 
management were used, however based on a good 
knowledge of local environmental conditions. At 
that time, there was a rather simple scheme of 
irrigation: riverbed – former riverbed (reservoir) 
– feeder – field. Irrigation was of the estuary-lake 
type, since the water was drawn from the former 
riverbeds during flood periods.

The ancient inhabitants (semi-pastoralists and 
farmers) adapted the deltaic fading channels and 
former riverbeds (like the Tazabagyab population 
in the third quarter of the 2nd millennium 
BCE in the southern delta of the Akchadarya). 
They also connected neighboring (usually east–
west) channels by canals. They alternately used 
one or the other canal to maintain the high 
water level. Most interestingly, they used a very 
clever system of deepening some sections of 
former riverbeds (connected with each other 
by narrow canals) as reservoir-basins, allowing 
them to maintain the water level required to 
irrigate fields. As well known, water regulation 
of canals using reservoirs was one of the most 
widespread methods of irrigated agriculture in 
ancient oriental civilizations (see pp. 106, 116). 
R. J. Forbes, describing the irrigation of ancient 
Mesopotamia, reported that in cases where the 
flood did not reach the required level, water was 
used from reservoirs, often arranged in natural 
depressions on the desert border (Forbes 1955, 
Vol. II:4). The inhabitants of ancient Sumer, 
engaged in farming along the banks of deltaic 
channels, constructed a fairly complex system 
of dikes, weirs and reservoirs, where the water 
level accumulated during floods was maintained 
throughout the season (Forbes 1955, Vol. II:17).

In his study of Sumerian-Babylonian mathe-
matics, A. A. Vayman (1961b:240–241)Editor 65 

produced data on the size of some artificial 
reservoirs based on cuneiform texts of the 2nd 
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millennium BCE. One of the reservoirs was 
described with a square configuration with a 
side length of 180 m (30 GAR, 1 GAR = 6 m). Its 
size was 32,400 m2 and 2 to 1 m deep. The total 
volume was 30,000–35,000 m3. Another reservoir 
had a stepped shape and the total volume was 
10,800 m3.

Within the limits of Central Asia, the 
ancient reservoirs were discovered in Southern 
Turkmenia. For example, in 1962, G. N. Lisitsyna 
studied a reservoir in the Tedjen Delta (not far 
from Mullali-Depe) dated to the second half of 
the 4th–first third of the 3rd millennium BCE. 
Its capacity was estimated as 2,625 m3 (Lisitsyna 
1965:100–102). Similarly, the fading and former 
riverbeds were adapted by the inhabitants of the 
basin of the Middle Janydarya.

Irrigation Works in the Djety-asar District 
(First centuries BCE–9th century CE)
North of the dry riverbeds of the Janydarya and 
the Kuvandarya there was a vast lowland area 
with numerous ruins of large fortified settlements 
called by the local Kazakh population ‘Djety-asar’ 
meaning ‘seven cities’ or ‘seven settlements’, 
even if the ruins were more: several tens. The 
results of research and excavations (at Altyn-asar, 
Djety-asar 9, etc.) were given in detail in many 
publications of the Khorezm Expedition (see 
Tolstov 1947a; 1948b:125–140; 1949:246–254; 
1950a:521–531; 1952a:16–19; 1954:258–262; 
1958:235–252; 1962a:186–198; Senigova 1953; 
Levina 1966, 1967).

The excavations of the ‘Big House’ of Altyn-
asar revealed that the whole cultural stratigraphy 
was divided into two main horizons: a lower 
one, or ‘grinding stones horizon’, and an upper 
one, or ‘millstones horizon’. The lower horizon 
was dated from the first centuries CE to the 4th 
century CE; the upper horizon to the 4th–7th 
centuries, and perhaps, the beginning of the 8th 
century CE (Tolstov 1949:241; 1952a:18; Levina 
1966:54, 69). 

The surface ceramic collected in the other 
settlements of Djety-asar were studied by L. M. 
Levina and showed that the sites were of different 

periods, although belonging to the same 
archaeological culture. Baybolat-asar (Site 14), 
Djety-asar 1, Kara-asar, Dolomak-asar, probably, 
Tompak-asar and also Bidaik-asar and Karak-asar 
(Figure 57) were related to the earliest Asar 
period. Rabensay, Djety-asar 8 and Djety-asar 11 
provided ceramic material analogous to the 
upper horizons of the ‘Big House’ and dated to 
the 6th–7th, and probably, 8th centuries. Some 
settlements (for example, Djety-asar 11) were 
populated at a later period, in the 9th–10th 
centuries (Levina 1966:78). Thus the Djety-asar 
agricultural oasis existed over a long time from 
the first century CE to the early Middle Ages. Its 
inhabitants could be considered the people of 
‘Kanga’ (the Kengeres, the Kangars lived in the 
Lower Yaxarte, according to J. Marquart) as part 
of the united Pecheneg tribes.

The archaeological study of the Djety-asar 
settlements enabled S. P. Tolstov to identify the 
main features of the material culture and economy 
of the Djety-asar inhabitants. They continued 
the traditions of Bronze Age primitive complex 
economy and preserved the semi-settled lifestyle 
of the other semi-nomadic Saka-Massaget tribes 
(Tolstov 1948b:128; 1952a:19–21; 1962a:186–
195).

This culture was characterized by large 
fortified communal houses built with large size 
mud bricks, whose walls included the bones of 
domestic cattle and horses. In these dwellings we 
found pits for economic purposes and filled with 
millet and barley, millstones, fishhooks and fish 
net sinkers (Tolstov 1952a:19–21; 1961a:127, 
143). Herding played a major role in the 
economy. Cattle, horses and camels were 35.4% 
of the herd at Altyn-asar (Tolstov 1952a:19:note 
1). Along with herding, fishing and hunting, the 
inhabitants of Djety-asar were engaged in irrigated 
agriculture, as evidenced by numerous finds of 
barley and millet, the abundance of grinding 
stones and millstones in excavated rooms, and 
also by remains of a variety of irrigation facilities.

Most of the riverbeds in the Djety-asar area 
were preserved as gentle banks 0.5–1.2 m high 
above the plain and reaching 30 to 100 m wide, 
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with traces of canals in the central part as a takyr 
band 5–10 m wide. The lower part of this riverbed 
was surveyed in 1958 by the archaeological-
topographical unit on the edge of the southwestern 
part of the Djety-asar Oasis, located 0.5 km east of 
Bidaik-asar I. A flat bank 60 m wide with typical 
lines of banks had a north–south direction and, 
in its central part, a clearly visible takyr strip 10 
m wide was all that remained of the canal (see 
Figure 51.G). Darker, narrow bands 1 m wide 
were traces of small ditches branching from the 
takyr strip. In one of them was found a millstone 
fragment made in sandstone.

The irrigation in the environs of Bidaik-
asar I–II was carried out in the same way as in 
the environs of Babish-Mulla on the Janydarya, 
with the use of natural, highly branched and 
meandering riverbeds and former riverbeds 
adapted for irrigation. The riverbed west of 
Tompak-asar (poisk 461), with an overall width 
of 60 m, had a central and more elevated part 
30 m wide, with typical banks and the preserved 
canal was a narrow takyr strip. On the slopes of 
the fluvial banks there was much pottery similar 
to the ceramics of Bidaik-asar I and II. In many 
places on the riverbed, short (40–50 m) ditches, 
expressed by soil color and vegetation, departed 
from the riverbed 1–1.2 m high above the takyr. 
As a rule, ditches departed from the riverbed 
at a right angle. At poisk 462, such a ditch was 
traced for a distance of 50 m. It is expressed on 
the ground as a dark strip 1 m wide, along which 
bushes of saxaul and biyurgun grow. Another ditch 
was located 3–5 m from it.

East of Tompak-asar we surveyed a small 
embanked riverbed, 20–22 m wide, which was 
preserved in the shape of a flat bank overgrown 
with biyurgun, with a central narrow takyr strip 
dotted with rare fragments of Asar type pottery 
(poisk 464). In the middle of the band there 
was another dark line covered with bushes, 
the remains of a narrow ditch 1 m wide of the 
latest period of the system functioning. Near this 
ditch, an intact jar with dark-gray slip, and a gray 
ware beaker were found. These vessels were 
very roughly manufactured and badly burnt on 

the bottom; according to L. M. Levina, they are 
similar to the upper horizon pottery of the ‘Big 
House’. The riverbed started 2 km northeast of 
Tompak-asar and it fed a series of small irrigation 
systems. One of the ditches supplied water to the 
former riverbed in the depression surrounding 
Tompak-asar, and also served as a kind of natural 
water-barrier for defensive purposes.

The settlement of Tompak-asar had an oval-
shaped ‘platform’ and a fortified central residential 
area with a rectangular configuration 10 m high 
above ground. In its northern part there was an 
inner courtyard enclosed by a high wall. The 
platform and the central part were made of rough 
bricks of different sizes. The mud bricks alternate 
with blocks of pakhsa. These finds date Tompak-
asar, and the settlements in its environs, to the 
first centuries CE (Levina 1966:78). To the same 
period was also dated Djety-asar 1, investigated by 
the Khorezm Expedition in 1946 and located 10 
km east of Tompak-asar (Tolstov 1948b:128–130).

In the environs of Djety-asar 1, remains of 
irrigation works, in particular a ditch branching 
from the riverbed at a right angle (poisk 467), 
were recorded. The ditch was preserved as a dark 
strip of vegetation 2 m wide, with rectangular 
branches in its lower part. Two significant ceramic 
clusters and small mounds indicated the remains 
of a dwelling (see Figure 51.G). The whole space 
around the ditch was dotted with small pottery 
fragments. Weak traces of quadrangular fields 
were preserved in the areas without vegetation. 
The ditch had its origin from the riverbed and, 
very interestingly, it served as a reservoir-basin. 
The north–south part of this riverbed preserved 
traces of an earthen embankment in the shape of 
mounds along the banks. The hollow was 22–25 m 
wide. By its size, the diked riverbed was similar to 
the Antique main canals of Khorezm. 

Vertical aerial photographyNote 181 of single 
areas of Djety-asar showed that former riverbeds, 
and their parts adapted as reservoirs, were 
widespread over the whole territory of the Djety-
asar culture (see Figure 57). As can be seen in 
the plan of the environs of Tompak-asar, several 
canals supplying water to former-riverbeds, now 
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basins, derived from the main east–west channel. 
From them, branched small irrigation systems 
from several hundred meters to a kilometer long.

The plan of Altyn-asar environs revealed a 
very complex picture (Figure 58), with many 
reconstructions of irrigation canals, a gradual 
improvement of the system of reservoirs and an 
increase in their numbers. It should be reminded 
that the life of this settlement lasted almost a 
thousand years: from the first centuries BCE to 
the 7th–8th centuries CE. The huge trapezoidal 
fortification covering 16 ha was constructed at 
the confluence of two canals: the main, with an 
east–west direction, and another coming from the 
northeast (see Tolstov 1952a:16:fig. 4).Note 182  The 
flood waters of these channels were regulated 
by dikes, but when the water was not sufficient, 
individual links of these channels and former 
riverbeds were turned into reservoirs, from which 
small canals derived.

The environs of another large fortified site of 
the Djety-asar culture, i.e. Rabensay (Djety-asar 4), 
was also an example of irrigation combining small 
main canals drawing water from a large channel 
of the Kuvandarya through a system of former 
riverbeds and reservoirs. The site, constructed 
on a sharp bend of the river and surrounded 
by depressions, could be clearly seen on aerial 
photographs (see Tolstov 1948b:132:fig. 33). 
The fortress controlled approaches to the head 
works of the irrigation canals near it. Their lower 
parts watered two former riverbeds connected 
by canals and used as reservoir-basins. The small 
agro-irrigation layouts are barely preserved.

Similar irrigation was found in the environs 
of Djety-asar 8 (see Figure 58), where, together 
with the main irrigation canals (C), the former 
riverbed (A), was supplied with water from the 
main riverbed. As can be seen in plan, from the 
former riverbed departed small lateral irrigation 
systems with sparse ‘rectangular’ branches. The 
collector served as a canal entering into a large 
depression (E).

Djety-Asar 8 is a large strongly developed 
fortification but without residential buildings. It 
was a cattle enclosure. The fortress controlled the 

head works of a small irrigation system derived 
from the riverbed at a right angle. This system 
rounded the site southwest and the northeast 
walls, and then flowed northwest, with short ‘sub-
rectangular’ branches directed mainly to the right 
side of the riverbed. The main canal (C) was 1.5 
km long. In its lower part there was a depression 
(E) with traces of flooding, where the water of 
irrigation canals was discharged. The irrigation 
system at Djety-asar 8 had Archaic quadrangular 
shapes of early stages of irrigation development, 
and resembled the Archaic Khorezm systems of 
the 6th–5th centuries BCE. 

The archaeological-topographical study of 
irrigation facilities at Djety-asar proved that the 
primitive methods of flood water regulation, 
known in the irrigation of the environs of Babish-
Mulla and Chirik-Rabat (4th–2nd centuries BCE), 
were further developed in this region in the 1st 
millennium CE. Features of this ‘deltaic’ irrigation 
were the use of diked riverbeds, canal connections 
of east–west riverbeds, and the use of deepened 
parts of fading channel systems and former 
riverbed as reservoir-basins.

The natural conditions of the Lower and 
Middle Syrdarya were characterized by continuous 
changes of single channel hydrographic regimes 
such as: the level of water rising during freshets in 
the warmest season associated with the increased 
snow and ice melting in the mountains; or when 
ice blocked channels in winter. During this 
period the water widely overflowed from the 
main riverbed into the nearest depressions or 
former riverbeds. In the 10th century al-Masudi 
reported that in Farab the river flooded an area 
of 30 farsakh, i.e. 200–300 km (Bartold 1963, 
Tom I:234). From the general western sloping of 
the Djety-asar plain, the majority of freshet floods 
flowed west, thus the ancient farmers had only 
to spend relatively little effort to direct the water 
by ditches into former beds and riverbeds which 
could become reservoir-basins. Interestingly, 
the method employed by the farmers using 
natural flooding in the Lower Syrdarya clearly 
existed till the 18th–19th centuries. In particular 
N. Dingelshtedt reported this fact. Describing 
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traditional irrigation methods of the Kazakhs, he 
noted that high-water was gradually drained from 
the main river through a series of diked places 
and depressions for a distance of 60 verst from the 
main river (Dingelshtedt 1893:369). 

The most widespread system of reservoir-
basins, apparently took place in the late period 
of the Djety-asar Oasis, when the general volume 
of water in the main channels of pra-Kuvandarya 
(the Northern Kuvandarya) was greatly reduced.

Irrigation Works in the Environs of Barak-
tam (4th–beginning of 5th centuries CE)
West of the ancient alluvial plain, where the 
ancient channels of the Syrdarya merged with the 
Akchadarya, another cradle of irrigated-farming 
culture of the steppe tribes of the Aral Sea area of 
the mid-1st millennium CE was discovered. It was 
located near the ruins of Barak-tam, and, accord ing 
to S. P. Tolstov, in the headquarters of one of the 
chiefs (rulers) of the Chionite-Hephtalite tribes, 
semi-settled pastoralists (Tolstov 1959a:32). The 
castle of Barak-tam was studied in 1945, 1948 
and excavated in 1956 by a team directed by 
E. E. Nerazik (Tolstov 1946b:85; 1958:127ff.; 
1959a:31–33; Orlov 1952a:135–152; Nerazik 
and Lapirov-Skoblo 1959). This castle had a very 
unique architecture, built of mud bricks with 
sizes and proportions typical of Khorezm in late 
Antiquity. The complex settlement was dated 
to the late 4th–early 5th centuries CE (Tolstov 
1959a:32; Nerazik and Lapirov-Skoblo 1959:83). 
The inhabitants of the ancient Barak-tam Oasis 
were engaged in cattle breeding, as evidenced 
by the original architecture which used bones of 
domestic animals as wedges in the construction of 
vaults. Along with herding, irrigated farming was 
also extensively practiced. 

In 1956 the archaeological-topographical 
unit discovered and researched approximately 
fifteen farm-houses,Note 183 preserved in the form 
of mounds with traces of layouts, and also remains 
of irrigation works on one of the old riverbeds 
of the Akchadarya (Andrianov 1960a:174, note 
15). From this riverbed derived several canals, 
among which the most significant was the main 

canal irrigating the environs of the Barak-tam I 
castle. It began 11 km northeast of the site. The 
instrumental survey carried out at its source by the 
team revealed the remains of complex head works 
installed in the riverbed floodplain terrace, having 
at this point a width of 80 m. Apparently, there 
were three canal heads, two of them preserved 
only as double mounds raising 1.5–2 m above 
the bottom.

The banks of the first structure were 10 and 9 
m and the distance between them was 9 m. The 
second remaining structure was most significant 
(22 m wide between banks). It was built for the 
lowest water level. The difference in the levels of 
water intake between the first and second head 
constructions was 50–60 cm. The third structure 
was the highest but almost entirely destroyed; 
the riverbed was preserved only as a takyr strip 
on the bank and a modern road built on it. The 
character of these head structures, built taking into 
account the water intake on three different levels, 
suggested a relatively highly developed irrigation 
technique.Note 184

The main canal was badly preserved and 
could only be traced as a takyr band by soil 
and vegetation. About 4 km from the riverbed, 
trace of the canal turns towards the Barak-
tam castle, in whose environs were recorded 
traces of small irrigation systems, small canals, 
irrigated quadrangular plots, and remains of 
gryad gourd plantations 3–4.5 m wide (see Orlov 
1952a:139:fig. 3).

The second significant main canal was found 
in the environs of Barak-tam, 1 km south of the 
above described head structure. Its source was 
hidden under a huge sand dune cutting across 
the riverbed. Further south, sand covered the 
canal for a few hundred meters, and only where 
it sharply changed its direction, the washed away 
banks were visible on the takyr as a double line 
of vegetation and small mounds. The distance 
between banks was probably 10–11 m.

Near the canal a significant accumulation of 
ceramics and remains of dwellings were found. A 
number of farm-houses, in the form of protruding 
mounds almost razed to the ground, were found 
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very close to the main canal head structures, and 
in the lower part, near the Barak-tam I, II, and III 
castles. According to E. E. Nerazik, most of these 
dwellings were dated to the late 4th–5th centuries 
CE, (Nerazik and Lapirov-Skoblo 1959:81). The 
irrigation works of the Barak-tam Oasis should 
probably be dated to the same period.

The question of the main source of irrigation 
in this region is very interesting. The location of 
head works, and the direction of canals south 
and southwest of the riverbed toward the castles 
of Barak-tam, convincingly demonstrate that 
the main source was the Akchadarya riverbed. 
It was not watered by the Amudarya, but by 
the Syrdarya through the lower channels of the 
Janydarya. These riverbeds of ‘stagnant water’ 
(al-Fahmi) with the ruins of 300 cities and villages 
are mentioned by Biruni in the late 10th century 
(Biruni 1966:95).

The irrigation in the environs of Barak-tam 
existed for a short time. Like the irrigation of 
Djety-asar, it was rather estuary-lake type, since 
its source was the semi-stagnant water flowing 
into the dry riverbeds of the Akchadarya from 
the Janydarya in the period of high water. The 
irrigation was carried under the scheme: river 
– former riverbed – main canal – distributor – 
feeder – field.

Medieval Irrigation Works  
(9th–16th Centuries)
The ruins of Medieval sedentary farming settle-
ments of the 11th–16th centuries, and the 
irrigation facilities related to them, are fairly 
widespread along the Syrdarya. Between the 1st 
and 2nd millennia this area became the scene 
of important historical events. In the 8th–9th 
centuries, in the lower and middle reaches 
of the river, the local Pechenegs tribes (the 
Kengeres) struggled with the Oghuz, Karluk 
and Kimak tribes which perhaps were pressing 
them, as al-Masudi wrote (see MITT 1939:166).
Editor 66 A part of the Pechenegs tribes migrated 
west (Marquart 1903:60–78) while others were 
assimilated with the Oghuz (Tolstov 1947b:84–90; 
Jdanko 1950:108–109). According to al-Idrisi, 

“the cities of the Oghuz are numerous, they stretch 
one by one from north to east” (MITT 1939:220).

In the second half of the 10th century the 
barbaric state of the Oghuz tribes was established 
and broadened its boundaries. Southeast to Taraz 
and Shash; southwest to the delta of the Amudarya 
and the outskirts of the Khorezm Oasis; northwest 
to the Ural foothills. However, in the early 11th 
century, after defeat in the struggle with Khorezm, 
the state fell into deep political and social crisis. 
According to S. P. Toltsov, this was the result 
of conflicts between the large cattle-owning 
nobility and members of the communes, the 
yatukes, preserving the natural herding-farming 
economy (Tolstov 1947b:100–102; year 1947). 
The nomadic aristocracy, headed by the Seljuks 
and supported by a group of the Oghuz tribes, 
interested both in broadening their pastures and 
predatory raids. They migrated southwest toward 
Bukhara, Khorezm, Khorasan (where in 1034 CE 
they subdued the state of the Ghaznavids), and 
finally to Asia Minor (Yakubovskiy 1947; Tolstov 
1950b; Roslyakov 1951).Editor 67 The Oguz tribes 
remaining on the Syrdarya were headed by a 
political enemy of the Seljuks (the son of the 
Oghuz Ali Yabgu), Shah Malik the ruler of Djend, 
who even conquered Khorezm for a short time 
(1041–1043 CE) (Bartold 1963, Tom I:365).

In the 12th century, the political power of 
Khorezm was strengthened during the reign of 
Atsiz b. Muhammad (1127–1156 CE), and Djend 
became a possession of the Khorezm state. After a 
prolonged period of frequent wars and civil strife 
in the relations between the nomadic-pastoral 
‘barbaric’ periphery (which was the territory 
of the Lower Syrdarya) and Khorezm (which 
in the 12th–early 13th centuries became the 
most extensive and mightiest state in the whole 
Near and Middle East) there was a period of 
peaceful trade and cultural relationships (Tolstov 
1958b:274–289; Horst 1964:1–6).

This was the time of economic and cultural 
heyday of the Khorezm state, coinciding with the 
rapid broadening of the cultivated-irrigated 
territories along the Janydarya (al-Fahmi) in the 
11th century. There, at the end of the 10th 
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century, al-Biruni noted the ruins of 300 cities 
and villages (Biruni 1966:95; Toltsov 1962a:274; 
Tolstov, Jdanko and Itina 1963:82–83).Note 185 The 
strip of cultural oases of the 12th–early 13th 
centuries, stretching from Khorezm to Farab on 
the Middle Syrdarya, restored for some time the 
disrupted (late 1st millennium) union of 
historical-cultural areas in the north territory 
between the great Central Asian rivers: Kangkha 
– Kanga – Kangju.

The archaeological-topographical work in the 
Janydarya basin identified a series of preserved 
Medieval pre-Mongol irrigation on the banks of 
the Lower and Middle Janydarya. The research 
showed that the most significant areas were 
located both in the Lower Janydarya and east 
of the well-known (in sources) Sag-Dere. It was 
situated 20 farsakh (120–140 km) away in the 
city of Djend (Jan-kala settlement) and further in 
the Upper Janydarya, up to the ruins of Asanas 
(or Ashnas or Eshnas), on the border of the 
modern cultural oasis of the Syrdarya (Tolstov 
1948b:60–61).

Irrigation in the Environs of ‘Swamp Settlements’
Medieval canals and ditches were also found on 
the shore of the Aral Sea in the environs of the 
so-called ‘swamp settlements’. The largest of such 
sites was Kesken-Kuyuk-kala, whose rounded 
contours resembled those of Asar. This settlement 
was 500 × 700 m and stretched from east to west, 
its citadel with a rectangular layout differed for the 
irregular buildings made of mud bricks, similar 
in size to the Afrigid ones. The excavations of the 
Khorezm Expedition in 1963 (directed by B. I. 
Vaynberg) revealed that the citadel massive upper 
cultural layer dated to the 7th– 9th centuries.Note 186 
According to S. P. Tolstov, the history of swamp 
settlements ended in the 10th–11th centuries.

One of the swamp settlements was Djankent 
(Yangikent, Dekh-i-Nau, al-Karyat-al-Khadisa) 
which preserved its Early Medieval Turkic name 
and was the capital of the Oghuz in the 10th– 
11th centuries (Tolstov 1947b:56; Yakubovskiy 
1947:49). The inhabitants of swamp settlements 
had a natural mixed economy, combining a 

sedentary life with semi-nomadic deltaic irrigated 
farming (millet), herding and fishing. Some 
literary volumes give us a representation of their 
pure nomadic lifestyle.Note 187

The archaeological-topographical work in the 
environs of swamp settlements revealed a highly 
developed irrigation network based on the deltaic 
channels of the Syrdarya, as well as farming in 
unfortified settlements. North of Kesken-Kuyuk-
kala, we discovered traces of ditches in the form 
of dark bands of vegetation 1–2 m wide (poisk 
5 and 6, year 1963), and ceramics found there 
were very similar to those from the settlement of 
the 7th– 9th centuries. Elsewhere (poisk 8, year 
1963), canals were traced along riparian deltaic 
channels, preserved as a flat wall 20–25 m wide. 
Traces of two canals 4–5 m wide, indicated by a 
small depression, darker soil and vegetation color, 
were clearly visible. A few ceramic finds, similar 
to those of Kesken-Kuyuk-kala, indicated that 
the main part of the irrigation facilities existed 
simultaneously with the settlement, though some 
canals continued functioning in later periods. This 
confirmed the existence of the big settlement of 
Kesken-Kuyuk 2 also in later periods.

This settlement was located 2.2 km west of 
the Kesken-Kuyuk-kala site, on the bank of a 
small riverbed, expressed as a depression several 
meters wide. It stretched 300 m along a ditch, 
detached from the channel, which had here 
a north–south direction. The ditch was 5–6 m 
wide, and its typical profile had clear traces of 
later artificial deepening. Along with the layout 
of residential buildings, remains of ceramic 
production (ceramic, glass slag and kiln hillocks) 
were found at the settlement. Among the findings, 
the gray ware or the grey pottery prevailed, such 
as jars with rounded handles of the 12–13th 
centuries, dark gray plates and bowls with a 
polished surface. All these finds suggested that 
the irrigation network in this region existed until 
the 12–13th centuries. Later, apparently in the 
18th century, it was restored for a short period of 
time by the Karakalpaks and then by the Kazakhs 
(Andrianov 1952a:570).
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Irrigation on the Janydarya
Traces of a vast area of Medieval irrigation, in the 
southwest delta of the Syrdarya and in the Lower 
Janydarya, especially along the main riverbed of 
the Janydarya, were covered by later Karakalpak 
irrigation. At the southwestern edge of the 
Syrdarya Delta, on the Lower Janydarya, remains 
of a Medieval irrigation, widespread on vast areas, 
mainly along the Janydarya main riverbed, seem 
to have been covered by the later Karakalpak 
irrigation. Some Medieval settlements were also 
discovered far from the Janydarya, on its lateral 
channels: at Ak-Mambet, south of the mazar on 
the Zangar plateau; north of Aralbay-kala, and at 
Murzaly.Note 188

A group of mazar and the Ak-Mambet village 
cemetery are located on a Medieval settlement 
(poisk 67), with the remaining buildings preserved 
in the shape of mounds. In the environs there are 
traces of a branched irrigation network beginning 
in the Janydarya main riverbed. The majority of 
canals (five in number) were less than 1 km long 
and 2–3 m wide. On the fields, and especially in 
the ruins of buildings there were many ceramics 
dated by N. N. Vakturskaya to the 13th–14th 
centuries. South of the plateau and the mazar 
of Zangar, groups of Medieval sites dated to the 
11th–14th centuries were discovered. In one of 
them (poisk 78) it was possible to identify traces 
of gourd plantations with dimension of 15 × 25 
m, and gryad 3.2 m wide. The gourd plantations 
and fields around the settlements were irrigated 
by a small canal 5 m wide (2.5 m between banks).

Of great interest were the rural settlements of 
the Khorezmshah period in Murzaly (poisk 493–
498), located on the lower part of a meandering 
riverbed 60 m wide. This riverbed was expressed 
on the ground by a flat bank, raised 50–60 cm 
high above the takyr, and used as the main canal. 
Its banks were strengthened by dikes and a canal, 
5–7 m wide, was constructed on its bottom. 
Numerous small canals branched from the diked 
riverbed mainly on the right side. The settlement 
began in a place where a large sand dune was 
close to the canal on the north (Figure 59). Many 
fragments of glazed, unglazed, and gray pottery, 

dated by N. I. Vakturskaya to the 12th–13th 
centuries, were found on the site ruins.

In 1946, east of Murzaly and close to the 
Karakalpak farm of Orunbay-kala (18th– early 
19th centuries), a large Medieval fortification 
(100 × 300 m) was discovered. It had double 
walls, many oval-shaped towers, and a system of 
moats connected to the riverbed from the north. 
The settlement was surveyed under the direction 
of S. P. Toltsov and was called Beshtam-kala 
(Tolstov, Vorobeva and Rapoport 1960:16–18). 
The lower layers of this settlement were dated 
to the pre-Mongol period, though, judging by the 
findings of typical ceramics of the Golden Horde 
period, they existed also later. There were many 
late Karakalpak settlements around it.

The environs of Beshtam-kala were covered 
with a dense irrigation network, in which the 
survey revealed both earlier and later canals 
(Andrianov 1960a:187). The main Medieval canal 
began in the Janydarya riverbed, 100 m east of the 
settlement (poisk 167). It was approximately 12 
m wide and 4 m between banks. The canal was 
diverted from the main riverbed at a height of 
2.5 m above the bottom. It bore traces of its later 
re-deepening, probably Karakalpak, and it was 
locked by dams in several places. Another canal, 
drawing water 1 km east, was 11–12 m wide and 
irrigated a large territory south, where we found 
the remains of Medieval dwellings in the shape of 
flat light-gray mounds, placed 100–200 m from 
each other and dotted with Medieval ceramics. 
On the banks of the canal traces of swollen chigir 
pits were visible (poisk 179).

A significant area of Medieval irrigation 
was discovered in 1957 in the environs of the 
large domed mazar of Sarly-tam, dated to the 
14th–15th centuries (Tolstov 1948b:56–57, 
fig. 16; 1962a:291–294; Tolstov, Vorobeva and 
Rapoport 1960:20–22). At that time, apparently, 
the Janydarya water level had already begun to 
decrease, and in the 15th–17th centuries the 
massive diversion dam and dike systems were 
built 11 km south of the mazar, in the tract of Besh-
Chongul, where the main riverbed was 80–100 m 
wide (Figure 60.D). The dam was preserved only 
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in the central part of the riverbed as two massive 
earthen constructions 80–100 m long and 20–30 
m wide. The dam was separated from the bank 
by two large gullies (20 and 35 m). The eastern 
gully led to a large hollow 10 m deep, 40 m wide 
and 140 m long. Irrigation canals branched from 
the riverbed on both sides above the dam. The 
dam, apparently, was constructed to raise water 
in all the canals located in the upper part of the 
Janydarya, up to the environs of Sarly-tam.

On the bank of one of the irrigation facilities 
there were ceramics findings, dated by S. P. 
Tolstov to the 16th–17th centuries. Similar 
ceramics were found in the irrigation ditches 
running near the ruins. One of these ditches was 
6 m wide and 2.5 m between banks. The largest 
canal surveyed in this area, 0.5 km east of the 
dam, was 25 m wide and 15 m between banks 
(poisk 193) (Figure 60.F). Along this canal were 
the ruins of dwellings and fragments of thick dark 
gray and black ware, resembling the findings in 
the environs of Sarly-tam which, perhaps, should 
be also dated to the 16th–17th centuries.

In its middle reaches, the Janydarya ramified 
into two channels between Chirik-Rabat and 
Irkibay. The southern one was blocked by a dam 
in the Middle Ages. Near this important irrigation 
center, the head works of several canals irrigating 
the large territory of Irkibay were constructed, and 
a significant iron-related production was located 
here (poisk 215) (see Figure 60.A). The river banks 
were strengthened with a dike, which was best 
preserved on the right bank in front of a Medieval 
workshop of metallurgists. The dam had a bent 
configuration and it was 15–20 m wide and 80 m 
long. On the left bank there was a complex four 
canal head structure; the fourth one, the closest 
to the dam, was blocked by it and the other three 
were connected by transverse canals. The largest 
canal was approximately 10 km long, a total width 
of 15–19 m wide and 9 m between banks (poisk 
21) (see Figure 60.B). A series of small ditches 
branched off from this canal. There were many 
agro-irrigation layouts of different shapes. Of great 
interest were pit remains for the water-lifting 
facilities (chigir). They were rounded, oval-shaped 

or pear-shaped basins, ranging from 7 to 10 m in 
diameter (see Figure 60.C). The water of these 
basin supplied fields of different sizes through 
small ditches. The smallest, a quadrangular atyz 4 
× 4 m in size, covered a rather large area. 

In 1958, in the lower reaches of a canal, 6 
km southeast of the Irkibay well, the Expedition 
field team discovered a large site of the 12th–14th 
centuries (Tolstov, Jdanko and Itina 1963:83). 
Here single buildings and farms had stood along 
a small canal, preserved as small mounds 1–1.5 
m high, showing few traces of room and fence 
layouts, and some ceramic accumulations.

Another significant irrigation center, consisting 
of water-retaining semi-dams, dams, and several 
head works, was discovered on the northern 
channel of the Janydarya, 15 km from Chirik-
Rabat near the fortress of Irkibay-kala of the 
12–14th centuries; it watered the Medieval 
irrigation systems on both banks of the river. If 
we consider its layout, very characteristic was a 
hydraulic water-retaining structure with a lateral 
dike on the left bank, a sluice, and a 60 m dike, 
similar to others in Medieval Orient. For example, 
in Mesopotamia in the huge Nahrwan canal of the 
Sassanid period, and in the environs of Samarra of 
the Abbasid Caliphate (750–1285 CE), according 
to Ahmed Sousa dams were built in stone and 
also with large (in the earlier stages) and small 
size bricks (see Willcocks 1903:10–13:8; Sousa 
1948:plan 15) ( Figure 61.A–B).

A settlement (poisk 509) with ceramics of 
the 13th–14th centuries was discovered in the 
environs of Chirik-Rabat, 1 km north of the 
funerary mausoleum of Chirik 2 of the 4–3rd 
centuries BCE. Like the settlement at Irkibay, it 
stretched along an irrigation ditch, but it was poorly 
preserved. At this settlement, approximately ten 
ceramic clusters of the 12th–13th centuries, 
and several hillocks, representing the remains 
of destroyed buildings, were found. The canal 
flowing there in the past was 4.5 wide and 2 
m between banks. In many places there were 
irrigated, quadrangular plots enclosed by walls. 
One of the field was 30 × 30 × 33 × 21 m in size.

The system of ditches, irrigating the environs 
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of Chirik 2, was fed by the water of a main canal 
approximately 10 m wide and 6 m between banks. 
This canal was, apparently, deepened anew in 
the 18–19th centuries by the Karakalpaks. In the 
lower parts it is marked by a strip of vegetation 
1 m wide. Over the whole territory covered by 
the irrigation system there were many finds 
of Medieval ceramics of the 12th – early 13th 
centuries. The settlement was located on the 
right bank of the Janydarya, while the ruins of 
Chirik-Rabat, ancient capital of the Saka tribes, 
were located on the left bank. At the south-west 
end of this site, in the 12th century arose a small 
settlement, known as Sag-Dere in Medieval 
written sources.Note 189

A number of small Medieval irrigation systems 
were found in 1959 on the Middle Inkardarya, 
in the section of Bayan, 35–36 km south-east 
of Chirik-Rabat (Tolstov 1962a:276; Tolstov, 
Jdanko and Itina 1963:35). Small canals (5–6 m 
wide between banks) derived from the riverbed 
of the Inkardarya, which in this area (already 
known for the irrigation structures of the ‘slag 
kurgans’ period) was 80–100 m wide between 
banks and 1.5–2 m deep in this place. Along the 
canal banks there were traces of deflated chigir 
pits, some canal branches and accumulations of 
ceramics of the 10th–12th centuries. A number of 
similar systems, far distant from each other, were 
discovered in the upper part of the Inkardarya. 
The irrigation here was of estuary type, and was 
based on the slow moving high-water flowing 
into the Middle Inkardarya from the Upper 
Inkardarya and the Janydarya.

Moving eastward from Chirik-Rabat, there 
were increasing ruins of Medieval settlements 
and more traces of Medieval irrigation. In the 
environs of the Uygarak mound (towards north 
and east), the survey teams of the Expedition 
discovered irrigation systems with a branched 
configuration, covering a very broad territory. 
They were predominantly directed east–west, 
and topographically associated with the east–west 
parts of former river beds, which, as a rule, crossed 
the rivers in a north–south direction. The majority 
of the old Inkardarya channels merged with canals 

into a single system, and some of them were diked 
and adapted as reservoir-basins.

A large handicraft settlement of the 12th– 
14th centuries was discovered in 1959 on 
one such riverbed, 6 km south of Uygarak (see 
Tolstov, Jdanko and Itina 1963:83–84, fig. 38). 
Archaeological excavations, directed by N. N. 
Vakturskaya, were carried out at the settlement 
named Uygarak-I. There were compact, but 
irregular, jumbled house remains, preserved 
only as basements, hidden under bulging earth 
mounds.

Close to the dam, the riverbed, 40 m wide 
between banks, approached the site from north-
east. South of the dam the riverbed was filled and 
crossed by a latitudinal canal, along which were 
scattered the settlement basements and small 
walls of the large yurts belonging to the semi-
settled farmers and herders of neighboring tribes. 
As shown by the excavation of N. N. Vakturskaya, 
Uygarak-I was an urban type settlement. There 
existed advanced handicraft productions: 
ironworks, pottery, as indicated by remains of 
pottery kilns, finds of iron ingots, and copper 
and pottery slags. Many copper coins (mainly 
dated to the 14th century), an iron sickle and 
a jar full of melon seeds were also found. The 
gourd plantations, fields and numerous small 
ditches, forming a dense complicated network, 
were well traced on both sides of the canal near 
the settlement.

The main canal was 12–15 m wide and 6 m 
between banks. On the banks there were many 
slightly covered pits, where the chigir was once 
constructed. Remains of farms of a semi-settled 
type were found near the fields. These consisted 
of mobile dwellings, which were preserved in 
the shape of circular basements and ground 
walls of yurts, traces of earthen houses and small 
household rooms. The walls of one of these 
recognized by us as walls of a yurt were 10–11 
m in diameter and the basement was 21 m in 
diameter. The small earthen walls were preserved 
for a height of 60–70 cm and had a typical snail-
shaped configuration.

Traces of Medieval irrigation, and ruins of 
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farms and fortifications stretched from Uygarak, 
along the south bank of the Janydarya, to the 
margin of the modern cultivated zone.Note 190 
The center of this wide region, populated in the 
11th–14th centuries, was Djend (now the ruins 
of Djana-kala) the extreme northeastern outpost 
of the Khorezmshah state (Tolstov 1948b:60–61), 
which was captured by the Mongols in 1220 and 
turned by them into a Djuchi headquarter. In the 
13th century Djend began to decline (Bartold 
1965:230).

In the pre-Mongol period there was a signifi-
cant farming population around Djend. The city 
neighborhood was irrigated by a large canal 
(which was 7–8 m wide between banks and 3–4 
m deep) crossing the site from east to west (see 
Figure 51.3). Numerous hollows and traces of pits 
along the banks suggested that fields and orchards 
were irrigated using water-lifting devices (chigir). 
Finds of Medieval chigir pitchers indicated that 
chigir irrigation had already arrived in the period 
of this site and its environs. The canal was linked 
by lateral branches with a complex concentric 
system of moats, which accompanied the fortified 
structures of Djend. The main canal derived 
from the Janydarya, which here was wider than 
in other places, 11 m between banks and 5–6 m 
deep. In the center, there were clear traces of later 
re-deepening related to the Karakalpak period of 
life of the settlement. Below the settlement the 
canal was greatly washed away and in some places 
resembled a natural channel.

The main array of the Medieval irrigation land, 
as already written above, was located on the left 
bank of the Janydarya, which, around Djan-kala, 
turned sharply south and, after several large 
meanders, turned again in an east–west direction. 
At this place on the same bank, there was the 
Medieval fortification of Kum-kala, first surveyed 
by the Expedition in 1946, when its plan was drawn 
and fragments of surface material were collected.

The fortress had an irregular rounded layout 
(resembling Beshtam-kala) with well-preserved 
heavy walls forming a broken line and fortified 
by massive towers and a deep moat. Kum-kala 
controlled the irrigation systems coming from the 

river at its walls. Adjacent to the fortification was 
a large Medieval rustak represented by rural 
farms, fences, and some buildings scattered 
among fields and gourd plantations for tens of 
kilometer around. The most significant of these 
settlements was Kum-kala 2 (Eastern Kum-kala). 
It was characterized by a combination of 
residential buildings (with rooms arranged in a 
row, aywan, and inner courtyards) with preserved 
round flat areas.

Southeast of the site there were three vast 
rectangular layouts. The largest had an almost 
regular rhomboid shape with sides 210 × 210 × 
210 × 215 m. Two smaller-sized enclosures (200 × 
100 m) adjoined each other and were 50 m south 
of the aforementioned settlement. According to 
the layout, these were great gardens.

Moving from Djend east and, especially, 
southeast (there were large settlements linked to 
the banks of the Inkardarya channel which flowed 
among huge sand massifs), the overall cultural 
landscape appearance of irrigated lands changed.

In this region, during the 1959–1962 Expedi-
tion field work, a very peculiar group of fortified 
settlements was discovered. The largest of them 
were Sarly-tam-kala and Zangar-kala in the 
west, Khodja-Kazgan I, II, III in the center, and 
the settlement of Asanas in the east (Tolstov 
1962a:276–282; Tolstov, Jdanko and Itina 
1963:79).

Many ruins of fortified rural sites, preserved as 
square layouts enclosed by a wall and moat, were 
discovered on the banks of channels of the Upper 
Inkardarya (Suvorov 1955). The settlements 
were close to the channel, on which abutted the 
extremities of outer fences with a round or oval 
shape. Around these settlements there were many 
small canals drawing water from the Inkardarya 
channel, as well as from reservoir-basins and dams. 
All these irrigation works were typical of regions 
with unstable deltaic agriculture and populated by 
semi-settled farming-pastoralist tribes. According 
to S. P. Tolstov and T. A. Jdanko, the sites belong to 
one of the Oghuz tribe groups who settled here in 
the 9th–11th centuries (Tolstov, Jdanko and Itina 
1963:79; Toltsov 1962a:276).



236 Ancient Irrigation Systems

The complex of settlements of Sarly-tam was 
60 km east-southeast of Djend, on the middle 
of the three east–west channels of the Upper 
Inkardarya. It consisted of a large circular (250 
m in diameter) fortress with adjacent settlement 
and mazar built on a high sand hill. West of the 
fortress there was, apparently, a large handicraft 
settlement, with remains of houses and different 
workshops, such as pottery kilns and kilns for firing 
bricks. Around this settlement there were many 
traces of fields in the form of quadrangular diked 
plots, and gourd plantations with typical gryad 
layouts enclosed by a wall (see Tolstov, Jdanko and 
Itina 1963:80:fig. 36; Tolstov 1962:278, fig. 181). 
In the environs of Sarly-tam-kala there were many 
small ditches 1–2 m wide drawing water from the 
Inkardarya riverbed.

At 250 m southwest of the fortress stood the 
Sarly-tam mazar, adorned with carved terracotta 
tiles typical of sites of the Karakhanid period 
Syrdarya (Tolstov 1962a:281). Among these, 
was the Aysha-Bibi mausoleum (11th– 12th 
centuries), faced with terracotta tiles and carved 
ornamentation (IKSSR 1957, Tom I:95). North 
of Sarly-tam-kala, on the opposite bank of the 
Inkardarya and 2.5 km from it, there was another 
large settlement called Zangar-kala (Tolstov, 
Jdanko and Itina 1963:82).

A series of retaining dams, semi-dams, catch-
ment basins, and other small irrigation works were 
discovered south of Sarly-tam, on the southern 
channels of the Inkardarya deeply penetrating 
into the Kyzyl-Kum sands. The functional period 
of these facilities was identified by remains of 
dwellings and ceramic clusters.Note 191 Fragments 
of surface ceramic material collected were poorer 
than in the sites of Sarly-tam-kala and Zangar-kala, 
but their character was completely identical to the 
above finds thus the settlements could be dated 
to the same period.

The largest and most complicated irrigation 
facility was discovered at the end of field work 
in 1962 in the tract of Bes-Molla, located 25 km 
southwest of Sarly-tam (poisk 13, 9 October). This 
irrigation site consisted of several significantly 
sized water-catchment basins along the riverbed, 

separated from each other by sluices or dams. It 
was fed from northeast through a canal derived 
from the upper part of the riverbed, and following 
its bend. The straightened part of the riverbed was 
isolated by a diversion dam. The irrigation canals 
were placed south of the basins on both sides. To 
lift up basins water into ditches, chigir, were used. 
These were preserved on the banks as round pits 
and accumulations of chigir pitcher fragments. 
One of these pits on the west bank was now used 
as a water-catchment basin. 

The irrigation facilities at Bes-Molla rep-
resented an improved variant of the system of 
reservoir-basins well known in Asar irrigation. The 
peculiarity of the system topography, in particular 
the presence of a diversion dam on the riverbed, 
showed an almost complete fading of the Southern 
Inkardarya channel below Bes-Molla in the 13th 
century. Water was lacking in this place and 
irrigation was possible only by water discharged 
from the middle and northern branches of the 
Inkardarya. Retaining dams, reservoir-basins and 
chigir were used to raise the water level. A series 
of Medieval retaining dams and small basins were 
found on the southern channels of the Inkardarya 
to the south and southeast of Sarly-tam-kala (poisk 
3–7, 7 October 1962; poisk 8–10, 8 October 1962; 
poisk 13 and 14, 9 October 1962). For example, 
the tract in the Zeket district, the riverbed 35–40 
m wide was closed by two dams, which were 
well preserved on the lateral sides adjacent to 
the banks (poisk 5, 7 October 1962) (Figure 62.A). 
The dam was approximately 2 m high and 3–4 m 
wide. Fragments of wheel-made Medieval vessels 
were found on it.

A more complex structure was found on the 
same riverbed 4 km east (poisk 6, 7 October1962). 
It consisted of a large water catchment basin cut 
across by a dam 50 m long (Figure 62.C). Above 
the dam, on the opposite banks, there were head 
structures of two canals beginning from chigir 
pits. Irrigation from the right bank system was 
possible only through a full riverbed flood. On the 
left bank the riverbed was re-deepened 1 m, and 
the irrigation from the left bank of the canal was 
carried out at a lower water level. Downstream 
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along the river, a reserve basin 20–40 m wide 
was dug parallel to it, and water was stored here 
in case of a sharp reduction of its level. When 
the water level dropped, the dike and dam were 
closed and the water flowed into the chigir pits 
from the reserve basin.Note 192

Among a number of other irrigation structures 
on the Southern Inkardarya, discovered and 
studied in 1962, the system of two diversion 
dams in Ketty-Kazgan (poisk 10) should also be 
mentioned (Figure 62.D). One dam (like the dam 
at poisk 6) provided lifting the water level for two 
chigir pits placed on opposite banks. Below the dam 
there was a large basin with one more diversion 
dam and bypass ditches to drain excess water.

North and northwest of Sarly-tam-kala, on 
a northern channel of the Inkardarya, with an 
east–west orientation, the field team identified a 
series of fortified settlements, near which there 
were many small, meandering canals. There were 
no retaining dams at this place and the irrigation 
appeared to be gravity type.

A series of Medieval fortified settlements (of 
sedentary and semi-settled farmer-herders), and 
the related remains of works were widespread 
along the Inkardarya riverbed and further north-
east of Sarly-tam-kala up to the ruins of Asanas (on 
the margin of the contemporary cultivated zone of 
the Syrdarya). The field research in this region in 
1960–1962 indicated that the irrigation pattern 
east of Saykuduk (15 km northeast of Sarly-tam-
kala) was somewhat different. Above this tract, the 
northern riverbed of the Inkardarya turned into 
the main canal of Asanas-Uzyak. It was more than 
60 km long and it followed entirely the intricate 
bending of the Inkardarya channel, along which it 
was constructed. This canal flowed in the central 
part of the riverbed and then ran along riparian 
banks. Its width was three-four times narrower 
and the riverbed was 10–15 m between banks and 
its depth was 3–5 m. In many places the remains of 
chigir pits, semi-dams and other irrigation facilities 
were visible. At Saykuduk, in the lower part of 
Asanas-Uzyak, the canal was 11–15 m between 
the banks and 5–7 m deep.

Reservoir-basins located below the fortified 

site of Saykuduk-kala were very interesting (Figure 
63). They followed one another at a distance 
of 100–200 m and they had roughly the same 
dimensions: 60 m long, 30 m wide and 7 m wide 
at the bottom, 7–8 m deep. It was easy to calculate 
their total volumes. The average capacity of each 
basin was 5,000 m3, thus 10 reservoirs collected 
up to 50,000 m3. The volume of earthworks to 
create multiple basins was more than 50,000 
m3. At the average rate of 3 m3 per day, 15,000–
17,000 people per day were required to build 
them. A team of 1,000 workers could construct 
10 basins in 15–17 days.

The reservoir-basins at Saykuduk were com plex 
hydraulic structures. They demanded their makers 
not only a huge labor efforts, but also competent 
hydraulic knowledge and skills. Apparently, these 
skills were not introduced into the territory from 
outside, but they were the result of the historical 
process of improving the local ‘deltaic’ forms of 
irrigation. The beginning of this went back to 
adaptations of former riverbeds and ancient diked 
riverbeds for irrigation purposes, and lasted till 
the irrigation systems of the Karakalpaks and the 
Turkmen in the 17th– 19th centuries (see p. 241).

The purpose of the basins in Saykuduk was, 
however, not yet fully understood. According to 
one version, these basins could have been used 
to maintain the water level in the Asanas-Uzyak, 
because the irrigation was practiced mainly with 
the help of water-lifting facilities (chigir), which 
means that the direction of water flow did not 
play any role. With water flow reduction in the 
Syrdarya, basin sluices were opened and the water 
level in the Asanas-Uzyak raised over its whole 
length of 60 km. According to another possible 
version, the construction of the reservoir-basins 
provided a stable water supply to the settlements 
of Zangar-kala and Sarly-tam-kala, located 15–20 
km southwest of the Middle Inkardarya. There was 
no permanent water flow in this riverbed.

The construction of a system of basins at 
Saykuduk also suggested that the riverbed of the 
Northern Inkardarya ceased functioning below 
the basins, and presumably the inhabitants left the 
northwest group of settlements on the Inkardarya, 
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while the settlements located east of the basins yet 
continued to exist.

It was possible to date the period of con-
struction of the Asanas-Uzyak and its final stage 
of basins system on the Saykuduk according to the 
fortification of Saykuduk-kala. By its layout, this 
fortress resembled other sites on the Inkardarya, 
in particular Sarly-tam-kala and Zangar-kala. It 
had an irregular shape and fortified walls and 
moats. The ramparts and central part of the 
complex were largely eroded and only 0.5–0.7 
m remained above ground. According to N. N. 
Vakturskaya, fragments of ceramic material could 
be dated to the 11th–12th centuries. The fortified 
settlements of Khodja-Kazgan 2 and Khodja-
Kazgan 3 should also be dated to the same period. 
They were both situated on the Asanas-Uzyak, 
with a width of 10–11 m between banks.

During the 1961 field work, the fortress 
of Khodja-Kazgan 1 was researched; it arose, 
according to S. P. Tolstov, at the same time of Sarly-
tam-kala, Khodja-Kazgan 2 and Khodja-Kazgan 3. 
In contrast, it lasted for a longer period and was 
not located on the Inkardarya, but on the Upper 
Janydarya (Tolstov 1962a:281).

In the upper reaches of the Asanas-Uzyak, 
there was the Medieval settlement of Asanas 
(Ashnas or Eshnas), well-known from the written 
sources describing the Mongol invasion. According 
to Djuveyni, the Mongol army commanded by 
Djuchi, on the way to Djend after conquering 
Sygnak, defeated Uzgend, Barchylygkent and 
Ashnas (Bartold 1963, Tom I:236). The latter had 
the most stubborn resistance. Near Asanas (Ashnas) 
the field work revealed several fortified Medieval 
settlements, including the large settlement-
enclosure (?) of Asanas 2, on the south bank of 
the Asanas-Uzyak fortified by two rows of ramparts 
and moats. The environs of these sites were watered 
by an irrigation network based on the water of the 
large main riverbed-canal of the Asanas-Uzyak.

* * *

The study of Medieval irrigation works of the vast 
Syrdarya ancient delta, through field work and 

aerial photography, provided an opportunity to 
highlight further developments of irrigation in 
this peculiar area, where a primitive semi-settled 
economy prevailed, combining pastoralism (mainly 
cattle breeding), irrigated farming on the former 
riverbeds, and fishing. This type of economy, linked 
to permanent settlements near water, confirmed 
the stability (up to the 8th–9th centuries) and 
composition of the ethnic population in the lower 
and middle reaches of the Kangar-Syrdarya. 
Low mobility of the poor Pechenegs people, the 
Yatuks (the Balykdaky; see Tolstov 1947b:71–75, 
100–101), largely remained in the former habitats 
after the 9th century cruel wars (against the Oghuz, 
the Kimaks and the Karluks). They then entered 
into the already Oghuz and Kipchak Turkic tribes 
(Kangly is the Turkic variation of Kangar), and 
later, in the 15–16th centuries, became part of 
the Uzbeks, Karakalpaks and Kazakhs (see Tolstov 
1948a:23–24; 1947b:87–90; Jdanko 1950:111–
112; Klyashtornyy 1964:178; Levina 1967:18; 
Akhmedov 1965:16–17, 77–80).

During the Middle Ages, in the Lower 
Syrdarya primitive methods of single irrigation 
based on freshet floods and estuaries were still 
significant. The irrigation was carried out under 
the scheme: river – former riverbed (reservoir-
basin) – main canal – feeder (and with chigir from 
the 10th–11th centuries) – field. In small irrigation 
systems water was drawn from courses or former 
naturally or artificially flooded riverbeds. The 
largest main canal of this area was the Asanas-
Uzyak, which was substantially an improved 
version of the Medieval use of a diked riverbed 
adapted for irrigation. However, in the beginning 
of the 2nd millennium, in the Lower Syrdarya, 
as well as in Khorezm (see p. 208), there were 
significant changes in the layout, and the ‘sub-
rectangular’ systems were replaced by branching 
layout systems and the widespread of water lifting 
constructions (chigir). The particularly high level 
of development was characterized here by several 
hydraulic works, such as semi-dams, dams, basin-
reservoirs and different small-scale, but effective 
water-regulating devices. This was facilitated by 
the peculiarity of deltaic conditions, such as the 
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frequent change in the channels hydrographic 
regime (sometimes flooding, sometimes fading), 
floods filling the former riverbeds, etc. The 
irrigation in this region was heavily dependent 
on these hydrographic changes, since the main 
riverbed of the Lower Syrdarya was not under the 
control of people living there.

In the Middle Ages the process was different 
on the Middle Syrdarya. The 1963 aerial surveys, 
and the following 1966 field research on several 
sites and massive irrigation networks on the left 
bank of the river, indicated that the irrigation 
in the largest settlements of the region, such as 
Kyr-Uzgent (Uzgend), Ak-Kurgan, Mayram-tobe, 
was based mainly on gravity systems derived 
through head canals from the main course of the 
river. Here the Syrdarya was probably closed by 
a dam, and several head canals were discovered 
on the contemporary riverbed as the sources 
of these systems. The irrigation systems had a 
branched configuration and a considerable length 
(30–40 km); the main canals were branched into 
many dis tributors of the 1st and 2nd order, and 
irrigation ditches.

The irrigation systems of the Middle Syrdarya 
resembled Khorezm’s Medieval systems. Particu-
larly impressive were the canals (10–12 m wide 
between banks) in the environs of Mayram-tobe 
and Kyr-Uzgent. Like the flood gravity systems 
of Khorezm, the scheme of the Middle Syrdarya 
systems was complex: river – head constructions 
(saka) – main canal – distributors of 1st and 2nd 
order – feeder – field. As in Khorezm, the irrigation 
was gravity type. The farming oases of this region 
were severely affected during the Mongol invasion 
in the early 13th century, and again in the 15th 
century at the time of wars between nomadic 
Uzbeks against the Timurids for the basin of the 
Syrdarya and Khorezm (Akhmedov 1965:124, 
146–148).

Irrigation Works of the Karakalpaks and the 
Kazakhs (17th–early 19th centuries)Note 193 
The archaeological sites of the modern period 
on the Lower Syrdarya were farming settlements 
abandoned by the Karakalpaks and numerous 

irrigation works on the banks of dry riverbeds 
of the Janydarya and the Kuvandarya. The 
archaeological and historical-ethnographic 
research of the Khorezm Expedition showed 
that the Karakalpaks, in the 17th–18th centuries, 
adopted the Archaic traditions of primitive 
agriculture integrated with a herding-fishing 
economy from the ancient inhabitants of the 
Middle and Lower Syrdarya Basin (Tolstov 
1947b:99; 1947d:72; Jdanko 1952:466).

In the 17–18th centuries most of the 
Karakalpaks inhabited the basin of the middle and 
lower reaches of the Syrdarya, in the area which, 
according to the Karakalpak popular tradition, 
was called Turkestan (Ivanov 1935:38ff.; Jdanko 
1950:134ff.). The northernmost and largest 
Karakalpaks’ group in the late 17th century was 
in a vassal relationship to the Kazakh Tauke khan 
(1680–1718; Andrianov 1958a:8; 1964:134–
135). F. Skibin and M. Troshin, ambassadors 
of Peter I to Tauke, reported that agriculture 
prevailed in the Karakalpaks’ economy. They 
sowed wheat, millet, barley and also gourds 
(melons and pumpkins) on the irrigated lands 
(MIKK 1935:151; Andrianov 1964b:135).

The Djungar invasion in 1723–1725 devastated 
the farming oases of the Middle Syrdarya 
(Tashkent, Turkestan). The main irrigation works 
of the Karakalpaks on the Middle Syrdarya were 
destroyed and left derelict after the invasion. 
The majority of the population fled the area 
with developed irrigation for new, uncultivated 
lands, where they had to arrange again the 
irrigation network (see Jdanko 1950:137; Tolstov 
1959b:17).Editor 68

Political and economic crises, oppression, 
heavy requisitions for the Kazakh feudal nobility, 
and frequent robberies (1748, 1760, etc.) were 
the reasons of the Karakalpaks’ gradual migration 
west, to the lower reaches of the Amudarya (see 
Andrianov 1958a) in the Aral kingdom. It is 
reported by P. I. Rychkov in 1762: “According 
to the latest news, many Karakalpaks due to 
the Kirgiz-Kaysak’s oppression have joined the 
population of the Aral Sea and live together with 
them” (Rychkov 1887:16).
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In the first half of the 18th century, the 
Janydarya was dry in its middle and lower reaches. 
According to A. I. Levshin, the caravan routes 
of the mid-18th century, did not contain any 
data about the river, in spite of the very detailed 
descriptions of all the tracts. The first mention of 
the Janydarya in the Russian written sources is 
dated to 1774. In his ‘wanderings’, F. S. Efremov 
(1811:60) wrote that the river was “like the 
Kazanka in size (approximately 200 verst and 40 
sajen wide)” flowing into the Aral Sea. In 1794, T. 
S. Burnashev on his way to Bukhara crossed the 
‘new’ river (Burnashev 1818:45). The Janydarya, 
dry in the late Middle Ages, was watered for almost 
its entire length in the late 18th century, and 
Karakalpak settlements and fields were sited on its 
banks (Andrianov 1952a:570–574; 1958a:52–61).

In some areas, the Karakalpak irrigation used 
Medieval canals, re-deepened and reconstructed. 
The new watering of the Janydarya was the result 
of the Karakalpaks’ irrigation works (Kaulbars 
1881:222). The Karakalpaks also restored the 
fortifications abandoned in the Middle Ages. 
Traces of the late Karakalpak reconstruction were 
detected by the Khorezm Expedition at the sites 
of Chirik-Rabat, Beshtam-kala, Djend, etc. The 
construction of canals in the lower reaches of the 
Janydarya, in the Kly tract, etc. should be dated 
to the same period.

Systematic and detailed study of the 
Karakalpak irrigation on the Janydarya began 
in 1956 in conjunction with the study of the 
ancient oasis of Barak-tam, the territories from 
Barak-tam to the Choban-kazgan and Kly tracts, 
where several Karakalpak fortifications (Aralbay-
kala, etc.) were found. In 1957 the investigations 
were continued from the Kly tract upstream of 
the Janydarya, to Orunbay-kala, Sarly-tam mazar 
(on the Janydarya), Chirik-Rabat and further 
up to the environs of Babish-Mulla (Tolstov, 
Vorobeva and Rapoport 1960:22; Andrianov 
1960a:174). In 1958–1959 the team studied 
the Karakalpak settlements and canals north of 
Babish-Mulla on the Middle Kuvandarya, and 
in 1961 the Expedition discovered a whole 
group of Karakalpak fortifications on the banks 

of the Mayliuzyak (Buzuk-kala, Khatyn-kala I, II, 
III; Tolstov, Jdanko and Itina 1963:34; Toltsov 
1962a:314).Note 194

Karakalpaks’ Irrigation on the Lower Janydarya 
In 1956, during the investigation near the well 
of Chagyr, 35 km east of Barak-tam, a small 
Karakalpak irrigation facility (poisk 28) was 
discovered. It consisted of two chigir pits (7 m and 
6 m in diameter), from which the water-lifting 
wheel supplied fields. Nearby, there were traces 
of several pits, probably the remains of mounded 
earthen houses. The basins were connected with 
a shallow branch of the Akchadarya channel by 
a ditch 30 m long. The canal was 8 m wide, 2 m 
between banks and 2 m deep.

A number of such structures and narrow 
ditches, drawing water directly from the main 
riverbed, were recorded further northeast, on the 
Akchadarya channels and on the main riverbed 
of the Janydarya. In many cases, below the ditch 
headworks, some diversion dams, preserved in 
the shape of a clay wall 2–3 m high, were built 
across the riverbed. For example, the diversion 
dam placed 2 km southwest of the Choban-kazgan 
tract (poisk 32) was 65 m long (see Figures 51.K) 
and it dammed up a shallow bed 60 m long of 
one of the Akchadarya’s northeastern channels. 
The clay moat of this dam was 6 m wide, 2–2.5 m 
high, and it lay at the bottom of this dam. In front 
of the dam, to the left and to the right, there were 
some head works. The left canal, whose banks rose 
only 0.3–0.5 m above the fields, was 6 m wide, 2 m 
between banks and 1–1.5 m deep. The transverse 
profile carried out along the ditch and along the 
riverbed, showed that the water was lifted onto 
the fields by chigir.

In the Kly tract, a Karakalpak cultivated oasis 
stretched from north to south along the inner sand 
dunes for a length of 25–30 km and a width of 
10 km (Andrianov 1960a:fig. 5). In the southern 
direction, toward the Jaldybay tract, the cultivated 
zone became gradually narrower and limited to a 
narrow strip along the main riverbed.

The central place in the Kly tract was occupied 
by the large Karakalpak fortification of Aralbay-
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kala surrounded by a dense irrigation network, 
chigir pits, and fields enclosed by walls, among 
which rose sites with traces of yurts. The rounded 
pits, supplied water to fields with water-lifting 
devices (chigir), various in shape and size, but their 
prevailing diameter was 5 to 6 m. The majority of 
pits stretched along the axis of the ditches and they 
were coupled, i.e. at the end part of a ditch, as a 
rule, there were two pits (Andrianov 1960a:fig. 8) 
(see Figure 51.L).

There was a large variety of different fields: 
diked irrigated plots with an irregular quad-
rangular shape (so-called atyz) encircled by walls 
30, 40, 31 m, 38 or 42, 33, 41 m, and 26 m etc. 
in size (Andrianov 1960a:fig. 8) (see Figure 51). 
The fields were located in the lowest and flattest 
places. The cultivated crops were mainly cereals 
(millet, barley, wheat). A. I. Levshin, describing the 
agriculture of Kazakhstan on the Syrdarya in the 
first third of the 19th century, reported that the 
Kazakhs sowed millet, barley and wheat, and also 
noted that their irrigation works were, apparently, 
quite similar to those of the Karakalpaks between 
the 18th and 19th centuries. According to A. I. 
Levshin, “If the arable land was far from water, then 
they carried it from a river or lake to a ditch; at its 
end they dug a pit 2.3 or 3 sajen in diameter and 
arranged a mechanism in it” for lifting water onto 
the fields (Levshin 1832, Chast III:201).Editor 69 A. I. 
Levshin also produced a detailed draft of a small 
irrigation system resembling the water systems in 
the environs of Aralbay-kala.

Among the various Karakalpak irrigation 
facilities in the environs of Aralbay-kala, the 
head constructions of canals were particularly 
interesting. The whole irrigation network south-
east of Aralbay-kala was based on a canal derived 
from the main riverbed of the Janydarya 4 km 
from the fortress (poisk 57). This canal massive 
head structure was placed on a steep curve of the 
riverbed, which there was 60–70 m wide and 4 
m deep (see Andrianov 1960a:fig. 10).

Another head structure surveyed by the field 
team, 6 km southwest of Aralbay-kala (poisk 
89), consisted of three heads derived from the 
Janydarya channel at different levels (+1.37 m, 

+1.46 m, +2.07 m; Andrianov 1960a:fig. 11). A 
square hollow up to 3.8 m deep and 25 × 40 m 
in size was found in the riverbed in front of them. 
Downstream of the riverbed there were remains 
of a diversion dam in the lower part of the bed. The 
canals branching off at this place were not wide 
(2.5–3.5 between banks). Their depth was 0.7–1.0 
m. Large quadrangular diked plots with mostly 
rectangular fields were recorded in the lower 
parts of these canals. One of the fields measured 
37, 65, 26, and 60 m (poisk 91).

In the Jaldybay tract, low (50–60 cm) fences in 
pakhsa enclosed fields with irregular rectangular 
and oval shapes, once were sown with crops 
(poisk 127). Similar agro-irrigation layouts were 
discovered in other places, for example the 
environs of Zangar mazar, near Orunbay-kala, etc.

About 5 km southwest of Zangar mazar, similar 
layouts were topographically connected to the 
irrigation derived from the main riverbed of the 
Janydarya, 60–70 m wide. On the left, eastern, 
high bank there was the mazar, a cemetery, and 
nearby remains of a settlement. On the bank of the 
riverbed there was a huge hollow-drainage basin, 
bound on the sides by two dikes. One dam was 
25 m long and 4 m wide at the base. A wide and 
deep ancient riverbed was present in a depression, 
along its slopes a 200 m canal was built repeating 
with its meanderings the unevenness of the 
plateau eastern slope near the river. The ditch 
branched off in its lower reaches. On its right, 
some flat low plots were laid out as quadrangular 
or rhomboid atyz (irrigated plots) with 10–12 m 
sides. In some cases, the atyz had a layout with 
the enclosing banks up to 40–50 cm high. Field 
irrigation in the depression was gravity type. The 
fields on the left branch of the ditch were irrigated 
by using water-lifting facilities.

The next significant area of Karakalpak 
irrigation was placed upstream in the Janydarya, 
15 km northeast of Kly, in the Sazdy-kuduk tract 
and around Orunbay-kala (see also Andrianov 
1960a:185–187). Orunbay-kala was one of 
the main living centers for the Karakalpaks on 
the Janydarya at the turn of the 18th and 19th 
centuries and it occupied a leading position 
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over the above-described irrigation systems. This 
could be linked with the feudal relationships that 
existed in that region in those periods between the 
mighty Karakalpak feudal lord, i.e. the Orunbay-
biy from the Manghit tribe (end 18th–beginning 
19th centuries), and the common Karakalpak 
farmers (see Jdanko 1952:322; Andrianov 1952a: 
580–581).

In 1957 a number of late irrigation facilities, 
far from each other, were discovered by the survey 
team northeast of Orunbay-kala and Beshtam-
kala. Some irrigation facilities located 10 km east 
of Beshtam-kala (poisk 200) belong to the later 
stages of cultivation on the Janydarya. At this point, 
the deepest part of the riverbeds were closed by 
high dams made of massive saxaul trunks, buried 
in the middle of the clay. A preserved dam 
survived, and it was 3.5 m wide and 45 m long. 
Near the dam, in the riverbed, there was a ditch 
on whose right bank there were visible traces of 
yurts encircled by walls. Apparently, the dam 
raised water in the ditch during the last period of 
the Janydarya, when its level was low.

Another Karakalpak irrigation device, placed 
15 km east of Beshtam-kala, was also connected 
to low water level in the main riverbed (see 
Andrianov 1960a:fig. 13). The head structure 
of the canal (poisk 204) was 16 m wide and 2.5 
m deep. Traces of a narrower ditch, 3 m wide 
between banks, were visible in the center of this 
construction. Two heads, deriving from a small 
basin (30 × 40 m), supplied the canal with water. 
The northern structure was 7.5 m wide and 3 m 
between banks. The southern one was closed by a 
dam, whose remains were found not far from the 
source. Generally, the construction was a classical 
Karakalpak head structure (written about, already 
in 1887, by the hydrographer Stetkevich:1889: 
Ch. 4, Gidrograficheskoe opisanie – Hydrographic 
description)Editor 70, with two head canals and a 
basin with a small island in the middle called 
by the Karakalpaks as kysme-bugut (see p. 218). 
Judging from the double profile of this structure, 
it had two historical stages: the first, earlier, with 
a high water level (perhaps in the Middle Ages); 
the second, later, with a lower level (18th–19th 

centuries). The third and final stage of agriculture 
in the area was associated with the development 
by the Kazakh people of the already dry riverbed 
of the Janydarya at the end of the 19th century. 
The dry riverbed was entirely occupied by fields.

Karakalpaks’ Irrigation on the Kuvandarya 
Already during the 1946 aerial survey it was 
noted that, approaching the Kuvandarya, the 
ancient irrigation in the environs of Babish-Mulla 
was altered by the late Medieval Karakalpak 
irrigation (Tolstov 1947c:180–181). The 1958 
survey revealed the Saka sites distribution borders 
and those of the Asar culture, separated by the 
fairly wide (30–40 km) zone of late Karakalpak 
irrigation along the Kuvandarya riverbed (see 
Andrianov 1962). About 25–27 km northeast 
of Babish-Mulla, traces were found of a very 
late irrigation in the shape of narrow fairly well-
preserved canals, polygonal fields enclosed by low 
walls, slightly visible chigir pits, as well as traces of 
yurt ridges (poisk 405–410).

The ancient riverbeds changed their aspect 
here: south, in the area of ancient irrigation, they 
were mainly expressed by flat banks 60–70 m 
high above the surrounding takyr; in the area 
of the Karakalpak irrigation, the riverbed was 
lower (1.5–2.0 m) than the takyr surface with 
traces of recent Kuvandarya flooding on which 
the Karakalpak irrigation was based. In contrast 
to the ancient irrigation, which used fast-flowing, 
northwest, waters of the Janydarya’s interdeltaic 
channels (cutting across the massive north–south 
sand dunes of the Kyzylkum), the Karakalpak 
canals operated in a completely opposite way. 
They drew their water from estuaries and 
freshets of the Kuvandarya, flooding the north–
south riverbeds from the north. The Karakalpak 
irrigation in this area was thus estuary type.

The eastern border of the Kuvandarya late 
settlements area was the massif lands along 
the Mayliuzyak. A channel branched from the 
Janydarya not far from Djan-kala, and connected 
to the Kuvandarya with a system of small 
meander ing riverbeds. The Mayliuzyak had a 
general northwest direction, and its 50 km long 
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banks were dotted with late fields and semi-settled 
type sites (with traces of yurts ridges), cut across 
by numerous canals. The general size of the 
Mayliuzyak massif was 40,000–50,000 ha.

The southern outskirts of this oasis was Djan-
kala and its surroundings. The Medieval irrigation 
systems of Djan-kala (Djend) preserved traces of 
a later re-deepening, and the Karakalpak period 
of the settlement was very clearly expressed in 
the later wall and the central citadel with an 
octagonal tower. At this site there were many 
mounds of earthen houses, traces of yurts and 
fences for livestock.

In the center of the Mayliuzyak massif 
there was a vast complex of semi-settled sites 
and fortresses generally known as ‘Khatyn-kala’ 
(Figure 64). This complex was discovered during 
the aerial survey in 1960 and researched by the 
Expedition field unit in 1961 (Tolstov 1962a:311; 
Tolstov, Jdanko and Itina 1963:89–90). There 
were three fortresses in the Khatyn tract. The 
biggest was Khatyn-kala I, standing where the 
river was blocked by a huge dam (see Figure 64). 
A number of canals, irrigating the land both on the 
left and right banks, began in this place. According 
to S. P. Tolstov, at the base of Khatyn-kala I there 
was an older Early Medieval fortress existing, 
with possible interruption, until the 18th century, 
when the Kuvandarya Oasis was populated and 
exploited by the Karakalpaks (Tolstov 1962a:312; 
Tolstov, Jdanko and Itina 1963:90). After a brief 
abandonment in the 1830s, the fortress was 
renovated by the people of Khiva, trying to fortify 
their position on the Lower Syrdarya at that time. 
According to historical and topographic sources, 
it was then called Khodja-Niyaz-kala.

Particularly interesting was the dam at 
Khatyn-kala I mentioned above. By its size, plan 
and profile it resembled the Medieval dams on 
the Janydarya (see p. 211). The total width of the 
riverbed here was 200 m. At this point, it was 
considerably wider than in its upper and lower 
parts, where the width did not exceed 100 m. The 
outer wall of the fortress and moat were linked to 
the river in order to defend the approaches to the 
dam, near which there was a perimeter system of 

canals and a large area clearly used for docking 
boats. The massive dam structure was 130 m 
long and 12–15 m wide at the base. In its central 
part the dam was washed away, but another side 
80 m long was linked to the left bank of the river. 
Four main canals, branched from the dam at 
different levels (the difference in level was up to 
2 m). This fact should probably be considered as 
proof that the irrigation system should be dated 
to different periods. The widening of the riverbed 
in this place up to 200 m can be related to the 
long-term use of the head works and dams. It 
is possible that the massive irrigation knot was 
constructed at the same time as the fortress in the 
Early Middle Ages, and functioned intermittently 
until the 19th century.

The study of irrigation in the environs of 
Khatyn-kala I carried out by the Expedition 
field team (including geomorphologist A. S. 
Kes), revealed that, in addition to the above 
irrigation knot at Khatyn-kala, downstream of 
the Mayliuzyak there was another, double, dam, 
built at the intersection of the Mayliuzyak with 
an older riverbed (see Figure 51.J). Considering 
the location of canals and dams, the individual 
links of the ancient riverbed must have been 
adapted as reservoir-basins at the time of the 
fortress. After the construction of the diversion 
dam at Khatyn-kala, the main riverbed below the 
fortress was watered only by excess water. This 
water first flowed into the by-pass canal and then 
into the canal through the canal running along the 
course of the Mayliuzyak. The canal reached the 
dam and was directed into the second reservoir 
placed across the riverbed, where the large 
main canal directed north began. The bed of the 
Mayliuzyak was used for fields irrigation ditches 
derived from the riverbed along its banks. Parts of 
the riverbed were separated by dikes, and fields 
were also located behind them. Fragments of 
ancient ceramics, gray pottery of the 11th–12th 
centuries and later ceramics of the 18th–19th 
centuries were discovered in the fields and takyr 
near the canals. In the latest period, when water 
was lacking, it was stored in separate reservoirs 
and strictly distributed by canals.
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The irrigation knot in Khatyn-kala I, consisting 
of a retaining diversion dam with by-pass canals, 
with a very complex system of connecting canals 
and reservoir-basins, witnessed a high level of 
development of irrigation technology among the 
Karakalpaks in the 18th–19th centuries.

Concluding the description of the character-
istics of late irrigation in the basins of the 
Janydarya and the Kuvandarya, it should be 
added that the study of irrigation works on the 
abandoned Karakalpak and Kazakh settlements 
indicated that, in the 18th–19th centuries, the 
traditions of the deltaic ‘semi-nomadic’ irrigation, 
was largely preserved using the former flooded 
riverbeds and the estuary overflows with the 
scheme: riverbed – former riverbed – main canal 
– feeders – chigir – field. The peripheral areas, 
west (Lower Janydarya and Akchadarya), and 
east (Kuvandarya), where water flowing in the 
riverbeds was slow, were characterized by local 
cradles of irrigation development, using diversion 
dams on lateral channels and short deep ditches 
with basins for water-lifting facilities. The bottom 
of a flat riverbed was covered with fields in 
some places and, apparently, their irrigation was 
basically estuary type.

In the central, most densely populated areas, 
i.e. along the Middle Janydarya, near Djany-kala 

and on the Mayliuzyak, there were large territories 
of intensive agriculture, where the irrigation 
systems, drawing water from the Janydarya 
and the Mayliuzyak, differed in their complex 
and branched layouts. Here, the canals and 
head structures were designed for freshets and 
fast-flowing water. To construct the main and 
distributing canals, a highly branched network 
of meandering lateral channels of the Janydarya 
were skillfully used. The canals were built with 
a remarkable knowledge of slopes and complex 
uneven bank reliefs: along the riparian banks, or 
along bank slopes, or even along channel beds. The 
agro-irrigation layouts differed widely. However, 
gardens and vineyards typical of the Khorezmian 
‘lands of ancient irrigation’, were not discovered 
here, possibly because of the short-term presence 
of the Karakalpaks in this area.

The archaeological-topographical study of 
the Karakalpak irrigation in the Lower Syrdarya 
confirmed the conclusion, based on historical-
ethnographic materials, about the rather primitive 
character of the farming-herding economy of the 
Karakalpaks, which was the ethnographic relict 
of ancient economic structures typical of the 
semi-settled Medieval tribes of the Aral Sea area 
(Tolstov 1947b:70–71, 99–100; Jdanko 1961, 
1964).
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The great Russian orientalist and scholar of 
Medieval written sources on the history of 
Central Asian irrigation, V. V. Bartold, once 
rightly criticized the widespread view (N. I. 
Veselovskiy, V. V. Radlov, etc.) that considered 
futile any attempt to develop the dry blasted lands 
of Turkestan, as if any attempt were hopelessly 
condemned to an inevitable defeat (Bartold 
1965:97–98; 307–310). Irrigation works during 
the Soviet period turned many desolate areas 
of ancient irrigation into flourishing oases, and 
gave water and tillable soil to the working people 
of Turkestan. The rapid development of science 
and technology allowed the exploitation of natural 
resources of this arid zone. The modern heirs of 
irrigators, mathematicians, and astronomers of the 
past, with their scientific success in the field of 
hydraulic engineering and amelioration, provided 
a radical reconstruction of Central Asia ancient 
irrigation systems, obviating the hard work of 
canal cleaning with the full mechanization and a 
more effective use of water, the main life source 
in this region.

The success of hydraulic engineering science 
in the last decades had raised a number of 
scientific problems, in particular the problem of 
a comprehensive landscape study of irrigation 
systems. Single features (characteristics of the 
river flow, water intake, profiles of canals, 
configuration of the distributing and irrigating 
networks, effective land use and methods of 
preventing silting, waterlogging and salting, 
irrigation equipment, etc.) must be considered in 
close connection to the geographic environment 
as part of the whole irrigation systems, which is the 
backbone of the cultural landscape of arid zones 
(Dunin-Barkovskiy 1960:24–25, 69–70).

Closely connected with the question of a 
geographical approach to irrigation is also the 
problem of the historical development of irrigation 

works, whose solution the role of material culture 
is without any doubt important (see Bartold 
1965:308; Tolstov and Andrianov 1957:5; Dunin-
Barkovskiy 1960:64–65).

Which main conclusions can be drawn from 
the detailed study of the ancient irrigation systems 
of the Aral Sea area, and a general review of the 
history of irrigated agriculture?

Research in the Aral Sea area convinced us 
of the rightness of A. I. Voeykov’s words, chosen 
as the epigraph for this book. In fact, irrigation 
can turn a desert into a blooming oasis, but 
without water, oases turn again into deserts. 
The preserved traces of ancient oases are an 
excellent source for the study of material culture, 
economy and lifestyles of ancient people. It is 
impossible to understand these unique ancient 
cultural landscapes, in which centuries of human 
activities have left their indelible traces, without 
the close association between historical and 
natural sciences, and without the combined use 
of different methods.

The remains of canals and field layouts, 
together with the ruins of rural settlements of 
different periods, spread over many tens and 
even hundreds of kilometers in the desert, 
became only relatively recently the object of an 
extensive archaeological research, in association 
with the fundamental implementation of 
archaeology with different methods of natural 
and technical sciences, in particular the use of 
aerial methods. As we discussed in detail, the 
latter played an important role in our work with 
complex archaeological mapping and study of 
irrigation in the ‘lands of ancient irrigation’ of the 
Aral Sea area. As explained above, in the process 
of archaeological-topographical study, we applied 
a method based on field and desktop inter-
pretation of aerial photographs and mapping 
irrigation systems. 
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During this work we mapped the ancient 
irrigation systems of the Aral Sea area and 
improved methods of relative and absolute 
dating of canals (Andrianov 1958a, 1965). This 
archaeological-topographical research, which 
combined archaeological field surveys with 
deciphering aerial photographs and subsequent 
mapping, revealed the continuous evolutionary 
development of irrigation systems in the Aral Sea 
area. This occurred over four and a half thousand 
years: from their origin in Prehistory, through 
Antiquity, during the Early and Late Middle Ages 
until the 19th century (see Tolstov and Andrianov 
1957; Andrianov 1958a, 1959a–b, 1960b, 1961, 
1962, 1963, 1964a, 1965) (see Figures 27, 34, 
42, 51).Editor 71

The archaeological study of ancient irrigation 
works in the Lower Amudarya allowed to clearly 
identify the main development stages of Khorezm 
type river systems, to reveal changes in the 
character of water drawing, system configurations, 
canal profile sizes, the relationship between 
working and idle parts, etc. Such information 
was available for other areas of Central Asia, for 
example the most ancient canals of Central Asia 
in the Neolithic Geoksyur Oasis investigated by 
G. N. Lisitsyna.

In Khorezm, at the Tazabagyab and Suyargan 
settlements of the 15th–12th centuries BCE, 
both similarly simple and more complex systems 
were uncovered. The irrigation was carried out 
according to the scheme: riverbed – head canals 
‘regulated’ riverbed – distributors – feeders – fields 
(Figure 65; Table 11).

In the process of developing natural resources 
in the deltaic region of the Lower Amudarya in the 
Bronze Age, techniques of wet land reclamations, 
flood controls, and deepening fading deltaic 
channels and former riverbeds were improved 
based on primitive forms of kair and estuary 
agriculture. The short ditches, located along the 
banks of small fields, were detached from them. 
At the stage of diked riverbeds, people invented 
head water regulating facilities, which allowed to 
control riverbeds water flow and to maintain a 
level of flood water in the canals.

In the Amirabad period (9th–8th centuries 
BCE), the regulated riverbeds and former 
riverbeds, cleaned of sediments, were turned 
into small artificial main canals and short 
feeders in the Early Bronze Age. The lateral 
small canals (only a few tens or hundreds meters 
long) were replaced by longer distributors up to 
1 km long. Thus by supplying fields with water  
from the riverbed, new links appeared in the 
irriga tion system.

Along with improvements of irrigation 
techniques in Prehistory, there was a gradual 
process of increasing irrigated territories. Thus, 
qualitative changes (improved methods of water 
supply to the fields) were accompanied by 
quantitative changes (increase in canal sizes and 
irrigated areas). However, during Prehistory, 
irrigation depended entirely on hydrographic 
changes. The large Akchadarya Delta riverbeds 
were not yet controlled by people or embanked by 
dikes. So small canal heads were quickly washed 
away and frequently people had to move from 
place to place, and start-up cultivated plots in 
areas which had not previously been part of the 
irrigated territory.

The technical level of Antique irrigation, i.e. 
the construction of massive long-term irrigation 
systems with permanent water intake into 
large channels, a variety of head structures, the 
invention of the waste canal and, most important, 
the scale of the works, was highly different from 
prehistoric irrigation. If the early Archaic canals in 
the environs of Bazar-kala were the continuation 
of small lateral channels of the Akchadarya, later 
the heads of canals were drawn from the largest 
branches of the Akchadarya riverbed. Farmers 
created not only artificial ‘rivers’, 20–40 m wide 
between banks and several tens of kilometers 
long, but also artificial ‘deltas’ with typical ‘sub-
rectangular’ and bunched branches, repeating 
the natural channel courses (Archaic Kelteminar, 
Archaic system of Dingildje, etc.). The small and 
sparse irrigation networks of this period were 
mostly based on main canals, which followed the 
riverbed meanderings. The early Archaic canals 
already had a different section in the upper and 
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lower course, which provided the necessary speed 
for gravity irrigation to carry water to the canals.

During the Kangju, and especially the Kushan 
periods, the wide and shallow Archaic canals 
were replaced by deeper and smaller cross-
section canals, (right bank of the Khorezm, basin 
of the Chermen-yab) (see Gulyamov 1957:89– 
90; Tolstov and Andrianov 1957:7–8). At the 
same time they began the process of reducing 
single local systems to combine them into more 
massive systems by moving the canal heads 
upstream.

By the end of this period, many system sources 
were probably moved to the main riverbed and 
unused idle parts increased sharply. The canals 
were lengthened up to 100 km with cross-sections 
of 25–50 m2. Irrigation was carried out under the 
scheme: main riverbed head – main idle canal – 
distributors – feeders – field. The technique of 
water supply to fields was improved, and different 
water distributing devices appeared. The progress, 
and the process of crops cultivation itself, sharply 
increased the range of crops, which was reflected 
in the variety of agro-irrigation layouts discovered 
by us.

At the time of the Kushan-Afrigid transition 
period (4th–6th centuries), there was evidence of 
decline of traditional forms of Khorezmian 
culture and economic life, and the abandonment 
of many branches and terminal parts of ancient 
irrigation systems. In some areas (like the 
Dingildje ‘oasis’, etc.) we may have recognized 
the beginning of a basic reconstruction of 
irrigation systems. This on the basis of new, 
already Medieval hydraulic solutions. According 
to evidence, a fact strictly linked to general 
tendencies toward a breakdown of the economic 
and social life in the oasis already showing 
characteristics of a new feudal age. The significant 
reconstruction of irrigation systems on the right 
bank of the Khorezm was dated to the late Afrigid 
time, i.e. the 7th–8th centuries. Since the end of 
the 8th century, and especially in the 11th–12th 
centuries, the most pronounced activity of the 
Khorezm scientists was to develop a unique 
school for specialists in irrigation, mathematicians 

and astronomers, who developed practical field 
needs for the irrigation of Khorezm.

Medieval irrigation differed in its more 
economic use of land inside basins. The percent 
of irrigated areas increased up to 30–40%, 
thanks to the appearance of complex branched 
layouts, density of feeders and the widespread 
of chigir water-lifting devices (from the 9th to the 
11th centuries). This explains the paradox that, 
although with the significant progress of  irrigated 
agriculture in Medieval Khorezm, the total area 
covered with irrigation works sharply decreased, 
the total irrigated area increased because, as we 
said above, the rural population in several areas 
also increased (Gavkhore, Chermen-yab Basin in 
the 12th–early 13th centuries, etc.).

In the western areas of the Sarykamysh Delta, 
where the irrigated lands of the Golden Horde 
and Timurid periods (14th–17th centuries) were 
preserved, irrigation was developed, according 
to the evidence, in two main directions: 1) the 
extensive, highly branched systems of traditional 
Khorezm type (exemplified by the Medieval 
Shamurat) continued to improve; 2) and local 
systems appeared based on the lower channels 
of the Daudan, watered after a temporary inter-
ruption with water deriving from the Daryalyk 
through canals), with various small retaining 
dams, water distributors and water-lifting facilities. 
They resembled the irrigation of the semi-settled 
Medieval popu lation on the Syrdarya. Irrigation 
was carried out under the scheme: river – flooded 
former riverbed – distributors– feeders – field.

On the shores of the drying Sarykamysh 
Lake in the 14th–16th centuries, the Turkmen 
constructed canals and earthen-aqueducts with 
water collecting basins, using water-lifting systems 
such as the shaduf. The irrigation scheme was 
carried out according to the typical estuary type: 
lake – water-lifting devices – feeders – field.

We researched the remains of irrigation 
works of the 19th century in the ‘lands of ancient 
irrigation’ of the Sarykamysh Delta and in the 
environs of abandoned Turkmen settlements. 
Here we found large retaining dams, different 
head structures, systems of water reservoirs, gourd 



248 Ancient Irrigation Systems

plantations, vineyards and wide fields. Some of 
the Turkmen hydraulic works had broad parallels 
with those on the Syrdarya.

By the 18th–19th centuries the irrigation 
technology of Khorezm reached a high develop-
ment. Typical features of the late Khorezmian 
irrigation were excellently explained in Ya. G. 
Gulyamov’s monograph (see Gulyamov 1957: 
237–267).

The irrigation techniques in the Lower 
Amudarya, from the mid-2nd millennium BCE 
to the 19th–20th centuries, evolved through a 
series of stages: 1) kair-estuary; 2) regulation and 
adaptation of fading deltaic former riverbeds 
(as well as the introduction of head works); 
3) construction of huge main canals on large 
channels during the formation of the ancient 
Khorezmian state; 4) improvement of the Antique 
flood gravity systems, implementation of the 
schemes and changes in the layout of distributors 
and feeders with more frequent branches; 5) 
emergence of more effective systems and chigir 
irrigation in the Middle Ages; 6) late Middle Ages 
(further development of water-lifting devices and 
water regulation).

Somewhat different was the Lower Syrdarya. 
The irrigation appeared here only in the mid-1st 
millennium BCE. It developed primitive methods 
of river overflow regulation and the use of former 
deltaic diked riverbeds as reservoirs. In general 
the irrigation was of the estuary-lake type, since 
water was drawn from the former riverbeds 
flooded during freshets. Irrigation was carried 
out under a simple scheme: riverbed – reservoir 
– regulated riverbed – feeder – field.

In the 4th–2nd centuries BCE, in the Middle 
Janydarya, in the environs of Chirik-Rabat 
and Babish-Mulla, irrigation was based on the 
extensive use of diked riverbeds and former 
riverbeds of the inner ‘delta’. The deepened 
sections of former riverbeds were turned into 
reservoir-basins (quite a widespread method of 
irrigation in the ancient Orient).

In the Djety-asar ‘oasis’ in the 1st millennium 
CE, the same principles of deltaic irrigation were 
employed, using banked riverbeds and reservoir-

basins. The latter were evolved in the Middle Ages 
when, according to the irrigation facilities on the 
Upper Inkardarya, a variety of retaining dams and 
semi-dams, and systems of artificial basins, which 
periodically watered the former riverbeds, were 
specially developed. However, the irrigation was 
generally primitive with an estuary-lake character 
since water was not supplied by the main riverbed, 
but from the former riverbeds flooded during 
freshets. Even the largest waterway, such as the 
Asanas-Uzyak (60 km long) built on the banks of 
the Inkardarya, was just an improved Medieval 
variation of a regulated riverbed. However, at 
that time, water-lifting facilities (chigir) were 
widespread there. The introduction of the chigir 
irrigation marked a new stage in the development 
of irrigation techniques.

In modern times, the irrigation of this area 
was also based on flooded former riverbeds. Local 
cradles of irrigation systems prevailed here with 
retaining dams, basins, and small branched sys-
tems with several water-regulating devices.Note 195

Thus, the rate of historical irrigation develop-
ment in the Lower Syrdarya was quite slow. The 
primitive use of deltaic riverbeds for irrigation, 
typical of prehistoric Khorezm (mid-2nd millen-
nium–8th century BCE), continued here in a 
modified form, almost to the end of the 1st 
millennium CE.

According to our research, the main issue of 
irrigation, i.e. the stabilization and regulation of 
river overflows, was solved in the Lower Syrdarya 
differently than in Khorezm. And although the 
volume of water flow in the Syrdarya was two 
to three times less than the Amudarya, its main 
riverbed was not strengthened by dikes in its 
lower reaches neither in Antiquity nor the Middle 
Ages. There were no improved extensive irrigation 
systems with watering main canals many kilo-
meters long, typical of Khorezm.

On the Middle Syrdarya in the Middle Ages, 
beginning with the Karakhanid period (10th–12th 
centuries), the irrigation on the left bank of the 
area was based on massive main canals dependent 
on the Syrdarya riverbed. Considering the head 
works, branch configurations and considerable 
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length (30–40 km), these systems resembled the 
Medieval system of Khorezm. They irrigated the 
environs of the large Medieval settlements of Kyr-
Uzgend, Mayram-tobe, etc.

Thus, the irrigation of the Lower Syrdarya 
differed from both the irrigation systems 
of Khorezm and the systems of the Middle 
Syrdarya. The reason was not only due to natural 
hydrographic settings.

The development of intensive and long-term 
irrigated agriculture on these vast regions was 
possible only under conditions of contending 
against natural flooding over huge areas, and 
with the stabilization of the main riverbeds by 
means of protective dikes and massive hydraulic 
works tens and hundreds of kilometers long. The 
achievement of such undertakings demanded the 
presence of a local long-settled farming population 
with agricultural traditions and, as K. H. Marx and 
F. Engels repeatedly pointed out, the existence of a 
long-term, strong and centralized state (see Marx 
and Engels 1957, Tom 9:132; 1961, Tom 20:152, 
183–185; etc.).

The historical prerequisites necessary for 
creating such a large-scale and highly developed 
irrigation economy did not occur in ancient 
times (1st millennium BCE) in the Lower 
Syrdarya among the Saka tribes, whose economy 
was based mainly on herding and partially on 
primitive farming, although state unions took 
place there from time to time. The historical and 
political conditions, typical of the valley and delta 
terrain of the Syrdarya, bordering the steppe 
area and often the object of frequent invasions 
by nomadic herders (‘Turs’ later Huns, Turks, 
Kimaks, Kipchaks, etc.), played an important 
role. Of course, economic conditions also had 
a certain importance: the specialization of this 
region was herding, where the livestock grazed. 
In this territory the tradition of an integrated 
herding-farming and fishing economy persisted 
since the Bronze Age, it served for a long time as 
the basis of patriarchal-kinship ties (see Tolstov 
1947a; 1947b:87–90, 100–102; Jdanko 1964:17– 
21.Editor 72 Not by chance the indigenous inhabitants 
of this area, the Karakalpaks, retained the social-

kin traditions till the 20th century (see Jdanko 
1950, 1952, 1958a, 1964). Thus, the Archaic 
irrigation in the lower reaches of the Syrdarya, 
its particular exploitation of local water-collecting 
basins, estuaries, semi-stagnant water and small 
irrigating systems requiring an insignificant 
labor cost, etc., could be largely explained by the 
socio-historical development of the semi-settled 
herder-farmers inhabiting the area.

* * *

The construction and annual cleaning of large 
artificial ‘rivers’ and ‘deltas’ demanded enormous 
labor costs. 

It was not for nothing that, at the beginning of 
the 19th century, the Russian prisoners called the 
Khiva Oasis ‘hard land’. Irrigation work occupied 
most of the time of the workers of this area. “In 
order to clean, deepen and broaden the Khan’s 
or main canals, and also to dig new ones, the 
workers, one from each house or hearth paying 
taxes and having a plot of land, are gathered 
from the whole khanate and dispatched annually 
in the beginning of spring; workers are divided 
into several groups and shifted according to the 
volume of work. Each shift is obliged to work for 
15 days... those, who are lazy or underhanded, 
are cruelly punished; there were some examples, 
when they were clubbed to death” (ZJ 1838, 
no. 6:338). This heavy work associated with the 
construction and annual cleaning of canals from 
silt and sand sediments, and the construction of 
diked banks (rash) was directed by the Khiva 
khanate’s central authorities, and carried out as 
12-day labor conscriptions (begar), but actually 
often reaching 50–60 days.Note 196 The work also 
included the cleaning of distributing networks 
(kazu), the construction and repair of protective 
dikes (kazu) (Gulyamov 1957:235ff.). For digging 
new main canals and for the significant expansion 
of irrigated areas, additional workers from outside 
were required.Note 197

In the 19th century, when useful iron 
implements aided the cleaning of main canals, 
approximately 1 million working days were 
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annually spent for cleaning and the total volume 
of work related to irrigation reached 7–8.5 million 
working days (see Smirnov 1933:9).

In 1906, in the Khiva Oasis, of the total costs 
of agricultural economy, 42.7% was devoted 
to irrigation (including cleaning of canals and 
construction of dikes), 22% to fertilizing, 13.4% to 
plowing, 4.5% to sowing and 16.8% to harvesting 
(see Shkapskiy 1900). Such a ratio of work input 
was typical of many other countries of classical 
irrigated agriculture. In some areas of China, for 
example, such work required 58.5% of labor for 
irrigation, 10.2% for field cultivation, 9.2% for 
harvesting and 21.1% for other purposes (see 
Buck 1930:306).

According to the 1920s irrigation specialists, 
the population of an oasis had to annually 
discard 1/3 of the volume of the entire irrigation 
network. In other words, every three years they 
had to rebuild the network anew! (Bukhanevich 
1925:992; see also VIR 1926, no. 2:23; etc.).

If in the 19th–early 20th centuries in the Khiva 
Oasis (‘hard land’), people cleaning the canals had 
to reconstruct, anew, the irrigation systems every 
three years, it is difficult to imagine the labor costs 
required in ancient times, with less sophisticated 
irrigation systems (with large-sized canals) and 
less effective work implements.

Undoubtedly, in ancient times, the work input 
for irrigation increased to such an extent that it 
was probably beyond living within the limits of 
irrigation basins. 

In connection with the above, there was a 
need to augment the farming population. In the 
historical context of that period, this was achieved 
by harnessing captive neighboring peoples, whose 
labor was not directly related to the main objective 
of field-crop cultivation (which ordinarily was 
carried out by the local farming community). This 
simple division of labor conditioned the emerg-
ence and development of the slave-own ing mode 
of production (characterized by a communal-
collective character, simple cooperation, prevail ing 
manual labor, preservation of communal labor 
in field cultivation, and periodic to more or less 
permanent use of  war prisoners for irrigation work, 

together with community labor).Note 198 However, 
the question of the quantitative ratio of communal 
and slave labor in agriculture pro duction of the 
ancient world in general, and Central Asia in 
particular, is far from being solved (see also Masson 
1968: 100–101). For a com prehensive solution 
of such controversial questions, more reliable 
paleoeconomic data are required (see V. Masson 
1968:96–99). Additionally, we need sufficient 
important material covering the major ‘parameters’ 
of ancient economy within large historical-cultural 
areas, quantitative and qualitative characteristics 
of economic development, research on labor 
input (in irrigated and rain-fed farming, and 
herding), and human resources of the single 
historical-cultural areas, economic units, etc. 
For those countries with irrigated agriculture, 
where the work input for farming today amounts 
from ¼ to ½ of all agricultural labor, the material 
concerning the increase of labor productivity in 
irrigation, in connection with the development of 
irrigation facilities from their origin in Prehistory 
to modern days, is especially important. From 
this point of view, the material on the history of 
irrigation techniques of the Aral Sea area allows 
to outline three main stages:Note 199 1) The Bronze 
and Early Iron Ages were characterized by ‘single’ 
estuary and primitive small irrigation systems on 
the lower deltaic channels and adapted former 
riverbeds; 2) in the period of the ‘communal slave-
owning’ class in the Khorezm state there appeared 
more complex systems with a regular water 
supply and with a variety of hydraulic facilities 
and massive main canals; 3) Medieval irrigation 
(especially in the 9th–11th centuries), differed from 
ancient irrigation systems in smaller sized canals, 
branching layouts, more sophisticated division of 
water distributors and irrigation networks, and 
more effective water-regulating devices, with the 
widespread use of chigir, which sharply reduced 
the amount of required digging to clean canals.

The progress in production is primarily a 
process of growth in labor productivity and 
labor cost reduction needed to obtain a certain 
product. In irrigated agriculture, the reduction 
of labor costs occurred mainly with irrigation 
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and was connected, in Medieval Khorezm, with 
the reduction of main canals cross-sections, the 
improvement of water distributing networks 
(which produced the reduction of canal silting), 
the spreading of water-lifting devices (chigir) and a 
significant decrease of labor costs for constructing 
and cleaning canals. The oasis population had 
increased in that period by 2–3 times.Note 200 

All this provided an opportunity for the local 
rural communities to carry out the whole cycle 
of seasonal irrigation works. Shifts in production 
resulted from changes in socio-economic relations 
and the rise of feudalism in the Middle Ages. 
However, the persistence of community in this 
area, due to the necessity for collective irrigation 
work, delayed the process of formation of more 
developed feudal relationships (Tolstov 1932:41).

* * *

The development of irrigated agriculture in 
the Aral Sea area was not an isolated process, 
it was closely connected to the general path of   
irrigated agriculture history (the history of plant-
growing, development of implements, and of 
irrigation skills) in the wide arid zone of the Old 
World countries. We attempted to reconstruct 
the history of the Aral Sea area, identifying what 
was general and what was specifically local in 
the irrigation of the ancient farming centers of 
the world. Our research, first of all, specified the 
position of irrigation in the general evolutionary 
scheme of economic development accepted by 
modern scientific literature (see Sauer 1952, 
1956; Masson 1966a:158).

C. O. Sauer assumed that agriculture began 
in the tropical forest areas of Southeastern Asia 
countries as a result of further development 
of intensive and regular harvesting, appearing 
initially in a slash-and-burn form (Sauer 1952:21; 
1956:56). In Soviet agricultural literature, there is 
a prevailing opinion, starting with V. R. Vilyams, 
that irrigated agriculture was a late phenomenon 
(Vilyams, Tom 6:347–354); very close to this point 
of view is the supposition advanced in a small 
popular book Vozniknovenie i razvitie zemledeliya 

(The emergence and development of agriculture).
Editor 73 The authors wrote: “While the first farmers 
sowed wheat and barley on mountainous slopes 
and on high plateaus, their descendants moved 
down from mountains to dry valleys and met 
different conditions”, and began to use stream 
overflows and estuaries (VRZ 1967:25–26). 
However, the modern archaeological and 
paleobotanic research rejected this scheme. H. 
Helbaek, K. V. Flannery, D. R. Harris and other 
scientists confirmed the theory of ethnographers 
(C. D. Forde, etc.) and archaeologists (V. G. Childe, 
etc.) that the most ancient agriculture arose in 
zones with insufficient rainfall (where only 10% 
of land was useful for farming based on seasonal 
precipitation). We have no good reasons to believe 
that, in the 8th–7th millennia BCE, these areas had 
different landscape conditions (see Butzer 1964; 
Helbaek 1964a–b; Flannery 1965, von Wissmann 
et al. 1956:281).Editor 74 Already in this area, the 
first stages of plant cultivation could be connected 
with both rain-fed and irrigated agriculture, based 
initially on natural overflows (‘swamp’ or estuary 
farming) and then on artificially irrigated plots 
(see also Drower 1954).

The above suggests that primitive irrigation 
skills appeared in the sai-brook form, especially in 
the particularly favorable landscape conditions of 
mountains and valleys of Southwestern Asia, even 
in the ‘pre-agricultural’ stage (10th–8th millennia 
BCE) among Mesolithic ‘harvesting people’. The 
cyclic moisture changes, apparently, played an 
important role in this process.

Agriculture arose from highly organized 
harvesting, under particular historical and eco-
logical conditions, at the turn of the Mesolithic 
and Neolithic, when the process of hybridization 
of the natural polyploidy, together with the effects 
of artificial irrigation, promoted the formation 
of numerous cultivated cereal species (wheat, 
barley, etc.). The development and improvement 
of irrigation played an important role in the early 
stages of the history of agriculture. It is possible to 
recall the words of F. Engels, who wrote that the 
middle stage of barbarism “in the East begins with 
the domestication of animals, on the West with 
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the cultivation of edible plants through irrigation 
and the use of adobe (sun-dried mud bricks) and 
stone for building” (K. Marx and F. Engels 1961, 
Tom 21:30).

New archaeological and paleoethnobotanic 
research has generally proven the polycentric 
concept of crop origins developed by N. I. Vavilov, 
although some of his conclusions were reviewed 
(Titov 1962:14; Sinskaya 1966:30; Andrianov 
1968b:17).

The research of the most ancient centers 
revealed that intensive harvesting was gradually 
replaced by crops and the new developed 
economy (with extensive exploitation of the 
territory) was transferred to production, which in 
turn resulted in changes of economic-cultural type 
and a sharp increase in population density.Note 201

The spreading of skills in irrigated agriculture 
was a complex historical-cultural process. Material 
on the history of agriculture from around the 
world provide no reason to consider it a simple 
process of mechanical skills in farming and 
irrigation methods transferred from one area to 
another, as a process of direct migration and direct 
diffusion historically spread out from a single 
center. It was, instead, a gradual and extremely 
diversified process in different ecological niche 
conditions of natural vegetation and water 
resources (Andrianov 1968a:28; 1968b:25). 
Irrigation technique features and the type of 
irrigation works depended to a large extent on 
the water from rivers with permanent flow and 
floods, lakes, temporary brooks, and underground 
water (Table 12).

Irrigated agriculture was the most ancient 
type of agriculture in Central Asia. Archaeological 
research revealed a picture of gradual and historic 
movement, in the 6th–3rd millennia BCE, of early 
farming cultures of Southern Turkmenia (based on 
estuary and mountain-brooks farming and herding) 
to northeast, into the area of Neolithic hunters, 
fishers and gatherers in the steppe and mountains.

At the end of the 5th–beginning of the 4th 
millennium BCE, farming tribes entered the 
delta of the Tedjen River, where archaeologists 
discovered remains of irrigation canals dated to 

the second half of the 4th–beginning of the 3rd 
millennium BCE, and investigated the Geoksyur 
Eneolithic sites of farmers (with typical crops 
of barley, common and club wheat). In the 3rd, 
and especially in the 2nd millennia BCE, i.e. in 
the Bronze Age, the area of productive economy 
shifted to the Zeravshan Basin (early farming sites 
of the Makhandarya), to the Lower Amudarya, to 
the Fergana Valley and some other areas.

Further development of irrigated agri culture 
and irrigation skills was connected to local 
geographical conditions and water resources. 
Irrigated agriculture in Central Asia was developed 
over different landscapes. In the piedmont zone 
and on the banks of river systems, the beginning of 
irrigation was associated with estuaries: artificial 
bordering of embanked areas of flood water 
required for growing crops.

In the mountainous valley areas, improvement 
of sai-brook irrigation led to the creation of 
mountain-terraced farming (with canals, aque-
ducts, basins and various water-regulating devices). 
The process of irrigated agriculture in the valleys 
and deltas of large Central Asian rivers was no 
less complicated. From estuary (marsh) farming, 
through regulation of water sources by building 
embankments for overflows and construction 
of protective dikes, to advanced freshet systems, 
regulation of seasonal river floods and large-scale 
use of water basins.

In some mountain areas (Kopetdag, Nuratau, 
Karatau, etc.) farmers used underground water 
and created karez farming. Forms of rain-fed (dry) 
farming were developed on the slopes sufficiently 
moistened by atmospheric precipitation. On 
the outskirts of the agricultural oasis, primitive 
kair and estuary agriculture, and in deserts crop 
cultivation and gourd plantations based on springs 
and seasonal rain water, persisted until the 
beginning of the 20th century.

* * *

The look of the ‘lands of ancient irrigation’ with 
dead ruins of ancient cities and settlements, of dry 
canal beds and traces of fields, often raised the 



253Conclusion

question of the causes of demise of the ancient 
civilizations. Even now, some researchers tend 
to explain the neglect of the ancient oases solely 
as the effect of natural factors (a drying process 
in Central Asia, catastrophic climate changes, 
desertification, etc.). The famous geographer 
E. Huntington, a member of the American 
archaeological expedition in Turkmenistan 
directed by R. Pumpelly, as noted above, attempted 
to prove that the formation of the ‘lands of ancient 
irrigation’ in Asia resulted from the drying climate 
(see Huntington 1905, 1906, 1907, 1908a–b–c, 
1910).Editor 75 Criticism to such hypotheses,Note 202 
explaining the desolation of ‘lands of ancient 
irrigation’ by different physical and geographical 
factors (climate change, desertification, etc.), were 
advanced over the last 50 years by the remarkable 
Russian geographers L. S. Berg and A. I. Voeykov.

L. S. Berg wrote: “E. Huntington seeks to 
prove the idea that Asia, and even the whole 
Earth were, and are now, in a state of permanent 
drying process”. Further, L. S. Berg dismembered 
one after another the arguments of E. Huntington, 
and concluded that “none of these reasons can 
convince us. The Near East and Central Asia are 
overcrowded by ruins dated to completely different 
epochs, cultures and periods. The causes of collapse 
of cultural settlements are very different and, for 
anyone familiar with the historical geography of 
Central Asia, it should be clear that it is unlikely 
possible to explain that through a change of 
climate conditions and the ‘drying up’. The main 
reason for the fall of sedentary settlements was, of 
course, wars. In the 13th century, Genghis Khan 
and his successors destroyed a number of cities 
in Turkestan and the Near East, destroyed vast 
irrigation systems and killed a lot of people. As a 
result of the destruction of irrigation canals the 
population, deprived of opportunities to sustain 
itself, partly died and partly escaped” (Berg 1947: 
63). Hypotheses, similar to the catastrophic drying 
of Central Asian plains proposed by E. Huntington, 
were raised by some other geographers and 
geologists, such as G. E. Grum-Grjimaylo, I. V. 
Mushketov and P. A. Kropotkin.Editor 76

A. I. Voeykov supported L. S. Berg in his debate 

with E. Huntington, I. V. Mushketov and P. A. 
Kropotkin. In 1912, he wrote that “Berg’s research 
promoted, more than any other, to disprove the 
legend about ‘drying Central Asia’” (Voeykov 
1912). A few years later, A. I. Voeykov criticized 
the popular-geographical view of P. A. Tutkovskiy 
on the geographical reasons for Medieval nomadic 
invasions into the cultural oases. According to his 
words, “This is very unstable and unproved, and 
shows the author’s little acquaintance with history 
when dealing with the movements of people” 
(Voeykov 1915 [1947]). Editor 77

Archaeological research in Central Asia fully 
confirmed the rightness of the opinion of L. S. Berg 
and A. I. Voeykov, and proved the wrongness of the 
popular geographical hypothesis. It turns out that 
the decline of artificial irrigation and desolation of 
the flourishing oases of Khorezm, Lower Zeravshan, 
Surkhandarya and Fergana were due primarily to 
socio-economic factors, such as wars and feudal 
fragmentation, which contributed to the drying 
up of canals, damage to distributing irrigation 
facilities, collectors networks and protective dikes 
bordering the oasis from devastating floods (Tolstov 
1948a:43–56; Gulyamov 1949:9).

The general pattern of social upheaval result-
ing from the abandonment of oases, migration of 
the farming population, and the restoration and 
development of the desert landscape, was traced 
and reported by archaeologists in other areas. For 
example, a detailed study of ancient settlements 
and conditions of irrigation in the Diyala Basin 
allowed R. McC. Adams to identify changes in 
population over 5,000 years. In a period of political 
growth and development of irrigated agriculture 
the number of inhabitants of settlements and 
cities increased rapidly. On the contrary, wars and 
invasions of warlike neighboring tribes (Gutians, 
Elamites, etc.) adversely affected both population 
growth and irrigation. Particularly damaging was 
the invasion in 1258 CE by Hulagu Khan’s army, 
during which, protective dikes and head structures 
were destroyed. After that destruction, the cultural 
oases of the Diyala could not recover until the 19th 
century. Research in Khorezm, Mesopotamia, and 
other areas of the Old World fully confirmed the 



254 Ancient Irrigation Systems

conclusions of K. H. Marx on the main reasons for 
the decline of ancient irrigation cultures of the East. 
He wrote that “a devastating war was a means to 
destroy a country for centuries, and to deprive it 
of all its civilization” (Marx and Engels 1957, Tom 
9:132; Marx and Engels 1962, Tom 28:216–223).

The desolation of oases in certain socio-
historical conditions of crisis also contributed  
to the shifting of rivers and their channels,  
and the process of secondary salting, which 
destroyed crops.

In contrast to bourgeois, metaphysical science, 
dialectical materialism considers the relationship 
and interaction between natural and social 
phenomena, not as an eternal and immutable 
connection between absolutely the same things, 
but as a historical context, developing both in time 
and space. The proper solution to the problem of 
interaction between nature and society and its 
reflection in the combined methods of natural 
and social sciences, are of great ideological 
and practical significance in the development 
of historical-geographical issues. Questions on 
economic history are necessary to explain the 
historical dynamic of ‘lands of ancient irrigation’. 
These lands are great monuments to the labor 
of many generations of farmers. These ‘lands of 
ancient irrigation’ have not only a past but also 
a future, and could be returned to their previous 
cultural status (if the soil were to be provided 
with water, fill dry canals and lay out new main 
irrigation canals). Of course, modern irrigation 
specialists could be helped by the millennial 
experience of ancient irrigators. 

The archaeological and geomorphological 
studies carried out by the Khorezm Expedition 
showed that, within the limits of the ancient deltas 
of the large Central Asian rivers (Amudarya and 
Syrdarya), there were vast areas that preserved 
traces of ancient irrigation: remains of abandoned 
canals could be traced above cultivated fields and 
numerous remains of sites of different periods, 
from Prehistory to the Late Middle Ages.

The magnitude of these ‘lands of ancient 
irrigation’ in the Aral Sea area was approximately 
5 million ha, i.e. almost three times the area 

covered by modern irrigation networks in the 
same territory. The whole area of ‘lands of ancient 
irrigation’ in the USSR covered 8–10 million ha, 
which is equal to the whole area irrigated at the 
present time. Their systematic comprehensive 
archaeological-geographical study, as well as their 
mapping based on aerial methods, can provide 
a significant economic effect. The information 
on ancient irrigation works can be widely used 
to design modern irrigation, and the large-scale 
archaeological maps can help forecast secondary 
soil salinization and the dynamic of water 
resources.

It must be said that the study and mapping of 
ancient irrigation works was carried out by only 
a small number of archaeological expeditions in 
the ‘lands of ancient irrigation’ of Central Asia, 
Kazakhstan, Caspian Sea area and Caucasus. 
Aerial methods and advanced natural scientific 
studies are also very seldomly used (see Tolstov 
1961a–b–c; 1962a:315–322; 1962b; Andrianov 
1964; Andrianov and Kes 1967:38).Editor 78 Even V. 
V. Bartold, in his article Budushee Turkestana i sledy 
ego proshlogo (see Note 2), wrote that many of the 
issues in new developments “can be solved only 
by detailed studies in situ, with the participation of 
archaeologists, being acquainted with Turkestan’s 
general history and settlements of its past, as 
the participation of technician-irrigators” is 
fundamental (Bartold 1965:310).

The great plan of watering and irrigating 
desert lands and arid regions of our country, 
promoted by the Program of the Communist Party 
of the Soviet Union, which was further developed 
in many decisions of the Central Committee, in 
order to sustain agriculture and to widen irrigation 
construction, provided colossal works for irrigating 
new lands in the Central Asian Republics, 
Kazakhstan, Caucasus, and the European parts 
of the USSR. In light of these complex popular-
economic tasks, the comprehensive work of 
archaeologists, ethnographers, geomorphologists, 
and soil specialists in the study of the ‘lands 
of ancient irrigation’, a huge reserve of land 
suitable for modern priority irrigation acquire an 
extremely important practical meaning.

 



Appendix I: Figures

Figure 1. Ancient buried con structions disclosed by cultivated vegeta tion (accord ing to Bradford 1957): 1) before har vest;  
2) after harvest; 3) 30– 40 cm vegetation above a ditch; 4) light green color vegeta tion of (A), at maturity above a buried structure.
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Figure 2. Profiles of ancient canals with different preservation conditions: 1) contemporary canal surface: at a Tazabagyab culture 
settlement (poisk 1609). Banks are completely destroyed; 2) profile of canal bed found in a trench: profile of Archaic canal near Bazar-
kala (poisk 423). Destroyed canal levees; 3) supposed canal levees: profile of ancient Kelteminar in its upper reaches (poisk 41). Canal 
levees preserved for a height of 2 m; 4) supposed water filled: profile of well-preserved canal in the environs of Yarbekir-kala (poisk 320).
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Figure 3. Environs of Big Kyrk-Kyz: A) the canal is detected by its levee shadows; B) small irrigation network; C) traces of vineyards 
(photo by N. I. Igonin).
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Figure 4. Archaic canal (A) at Bazar-kala (photo by M. I. Burov) (see also the Profile 2 in Figure 2).
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Figure 5. Prehistory (late Bronze Age). Predominance, in a landscape of typical takyr with biyurgun, with traces of wandering riverbeds 
in various areas, covered by sand. Rare small canals detached from natural channels; the systems do not exceed some kilometers in 
length; short feeders branch out at right angles; a small irrigation network is poorly preserved; the fields are along riverbeds and are 
highlighted by ground color and by vegetation. The contours of underground dwellings are visible thanks to aerial photos. Distinctive 
sectors: the area of the Tazabagyab settlement (third quarter of the 2nd millennium BCE) north of Djanbas-kala and the environs 
of Yakke 2 (9th–8th centuries BCE). On the aerial photo: Tazabagyab settlements north of Djanbas-kala; small dry riverbeds of the 
Akchadarya (A) highlighted by sand and vegetation accumulation; ancient ditches (B), highlighted by soil color and by vegetation 
(picture by N. I. Igonin).
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Figure 6. Archaic Khorezm (6th–5th centuries BCE). Predominance, in a landscape of typical takyr with biyurgun, of agro-irrigation 
layouts; massive canals (up to 50 m wide), stretched tens of kilometers, detached from lateral channels and repeating their outline, 
forming rare branches at obtuse and right angles, mainly in one direction. The irrigation systems are largely destroyed; the levees are 
not preserved. Rural settlements are rare and can be found only with field surveys. On the aerial photo: a north-south main canal (A) 
in the surroundings of Kyuzeligyr, detached from a riverbed (B); ditches (C) are highlighted by vegetation. More subsequent (Medieval) 
canals (D) cover the Archaic systems (picture by N. I. Igonin).
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Figure 7. Kangju and Kushan Khorezm (4th century BCE–4th century CE). Predominance, in a landscape of typical takyr with biyurgun, 
of ruins of fortified cities and large unfortified rural settlements, surrounded by fields and vineyards; the combination of cities with 
garden-park complexes is characteristic. Main canals branch from riverbeds; they have a perfect tree-shaped layout with frequent canal 
networks. Vineyards are big, up to 100–200 m long and 60–80 m wide.Editor 79 Farms are located near the main canal. Distinctive 
sectors: the environs of Djanbas-kala. On the aerial photo: a main canal bed (A); a small irrigation network (B); traces of vineyards (C) 
and ruins of a Kushan farmstead (D) at poisk 611 (picture by N. I. Igonin; see also Figure 3).
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Figure 8. Afrigid period (5th–8th centuries CE). Predominance, in a landscape of typical takyr with biyurgun and saxaul, of fortified farm 
ruins located on lateral canal branches. The irrigation system differs from those of previous historical periods with a higher number of 
lateral branches. The canals are no more than 7–8 m wide between banks. The fields layout is very dissimilar. Distinctive sectors: the 
Berkut-kala oasis (7th–8th centuries CE), the environs of Adamli-kala and Karga-kala. On the aerial photo: the environs of the Afrigid 
farm of Dingildje (A; compare with plan in Figure 35); remains of ancient canals are seen through the sand (B); they are cut by Afrigid 
canals (C); traces of gourd plantations and vineyards are poorly visible (D).
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Figure 9. Khorezmshah period (12th-beginning 13th centuries CE). Predominance, in a landscape of typical takyr with biyurgun and 
saxaul, of numerous ruins of unfortified farmsteads and individual small fortifications among a dense network of canals and fields. The 
irrigation system is characterized by a complex branching structure of canals, along which the farmsteads are clustered. Distinctive 
sector: the Kavat-kala oasis. On the aerial photo (by N. I. Igonin): a series of main canals (A), a small canal network (B), fields (C); castles 
and farms completely preserved with walls that clearly stand out against the light takyr.
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Figure 10. Golden Horde period (14th century CE). Predominance, in a landscape of takyr-shaped ground with keurek and saxaul 
vegetation, of agro-irrigation layouts, canals and individual ruins of unfortified rural settlements with sparse buildings. The irrigation 
system is characterized by complex, branched layouts. There are many large chigir pits and some large garden-park complexes enclosed 
by fences. Distinctive sector: the environs of Shekhrlik on the left bank of the Amudarya. On the aerial photo (by N. I. Igonin): riverbed 
and canal (A); a small ditch network (B); garden-park layouts (C).
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Figure 11. Abandoned settlements of the 18th–19th centuries. Predominance of agro-irrigation layouts in the landscape (on the takyr 
grounds with large solonchak, yantak and itsitek vegetation). On the aerial photo (by N. I. Igonin): the environs of Kattakar-Chardere, 
where, according to B. I. Vaynberg’s data (1960:fig. 1), the Turkmen Sakar tribe lived along the Middle Sipay-yab. Here a Medieval 
main canal (A) and a regular small irrigation network (B) were rebuilt; many gourd plantations (C), traces of ridged yurts (D) and 
ruins of buildings (E).
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Figures 269

Figure 14. Primitive wooden and stone soil-
digging tools. Old Egyptian hoes: 1,3) Middle 
Kingdom; 2, 4) New Kingdom; 5) 5th Dynasty 
(see Petrie 1920:pl. LXVIII; Wreszinski 
1923–1936:taf. 97); 6) soil-digging stick of 
the Pima and Aymara American Indians;  
7) small spades and knives of Andean Indians 
(see Casanova 1946:621:fig.50);Editor 80  
8) small spades and knives of Andean Indians 
(see Bennett 1946:613, Pl. 131.b–d-e);  
9) Australian woman root digger (according 
to G. Kunov); 10) Spanish soil-digger of the 
19th century; 11) Chinese lei type forked 
soil-digger  (Neolithic Lunshan culture); 
12) socketed soil-digger with iron tip from 
Western Sudan. Kumans’ tools (according 
to Nilles 1942–45): 13) soil-digger stick 
(2 m long); 14) hoe; 15) tip in hard wood;  
16) adze; 17) axe; 18) wooden spade;  
19) Maori soil digger.

Figure 15. Paiute’s cultivated lands (according 
to Steward 1933): 1) springs; 2) dam; cereals 
plot; 4) irrigation canals; 5) settlements; 6) 
irrigated plots; 7) pines.
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Figure 16. Plan of a Hopi irrigated area (according to Forde 1963): 1) canals; 2) retaining banks; 3) distributing ditches; 4) trees.
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Figure 18. Peruvian Indians medieval irrigation fields.

Figure 17. Scheme of Inca 
mountain-basin irrigation.
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Figure 19. Scheme of development of soil-digging tools used in irrigated agriculture. Tools with a wooden or stone working part: 1) 
picket, shovel-digging stick; 2) digging stick with weight; 3) old Chinese digging stick; 4) Maori digging stick 5) Inca digging stick; 6) 
digging stick from Western Sudan; 7) wooden hoe; 8) wooden composite hoe; 9) old Egyptian hoe; 10) composite hoe with stone tip; 
11) stone hoe from Hassuna; 12) hoes from Mersin (layer XXVII); 13) stone adze-hoe from Susa C and Tepe Gawra; 14) hoe-spade 
from Hama for irrigating furrows. Tools with a metal working part: 15) bronze hoe tips; 16) iron hoe tip; 17) Central Asian iron ketmen; 
18) bronze hoe tip from Mersin XVII; 19) iron hoe tip; 20) bronze shovel from Chanhu-Daro (25th–17th centuries BCE); 21) 5th–3rd 
centuries BCE bronze shovel from China; 22) Central Asian iron shovels.
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Figure 20. Contemporary Ethiopian digging sticks (according to N. I. Vavilov).
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Figure 21. 6th–5th millennia BCE stone hoes: I) quartz hoes with traces of bitumen from Hassuna (layers Ia–II); II) sandstone hoe from 
Hassuna; III) obsidian hoe from Hassuna (according to Lloyd, Safar and Braidwood 1945); IV) hoes from Sialk I–II; V) Jemdet Nasr; 
VI) Ubaid; VII) Uruk (according to Christian 1940).
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Figure 23. Tops of digging sticks, maces and ritual scepters: A, B, C) petrogliphs (according to Stow 1930).
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Figure 24. Simplest, basin irrigation system: 1) basin; 2) dikes; 3) highest level of river overflow; 4) medium level; 5) lowest level.
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Figure 25. Hoes and spades used in irrigation work. Stone hoes from Hama (according to Steensberg 1964): 1) layer j6 (2300 BCE), 
30 cm long, 20.2 cm high, 2–3 cm thick; 2) from Hama 3, 522 (2159 BCE), 23.5 cm long, 18.4 high, 2.8 cm thick; 3) from Hama 3, 
H45 (2150 BCE): sign of an arrow-shaped spade is visible on the blade; 4) A. Steensberg digging an irrigation furrow; 5) digging an 
irrigation furrow in Afghanistan (according to Vavilov and Bukinich 1929); representations of Babylonian spade-hoe on cylindrical 
seals: 6 (see Frankfort 1939:pl. XXXII.i), 7 (see Frankfort 1939:pl. XXXIII.d), 8 (see Frankfort 1939:pl. XXXVI.i); 9) bronze spade from 
Chanhu-Daro (25th–17th centuries BCE); 10) bronze Chinese spades from digs in Hunan province (5th–3rd centuries BCE); 11) 
modern iron spade from Afghanistan; 12) modern iron spade from Iraq (according to Hopfen 1960).
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Figure 28. A) Kokcha 3. Trench 35; B) Canal trench near Bazar 2; C) Riverbed trench (poisk 1611); D) Canal trench (poisk 1609).
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Figure 30. Settlement plan at 
poisk 611: pottery cluster and 
dwellings layout; 2) ceramic 
production area; 3) former 
riverbed adapted for irrigation 
purposes with bank remains 
in some places; 4) canals and 
fields (according to a photo by 
B. V. Andrianov and N. I. Igonin).

Figure 31. Trench 5 near the site of Yakke-Parsan 2.
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Figure 32. Canals in the environs of Bazar-kala: 1. Bronze and Early Iron Ages; 2. Archaic; 3. Kangju and Kushan. Settlements and 
large pottery dispersions: 4. Bronze and Early Iron Ages; 5. Archaic; 6. Kangju; 7. Kushan; 8. dry riverbeds; 9. former riverbeds adapted 
for irrigation purposes; 10. Poisk number.
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Figure 35. Canals in the environs of Dingildje. A) Archaic house; B) Kushan farmstead; C) Afrigid farmstead: 1) Archaic canals; 
2) Kangju-Kushan canals; 3) Afrigid canals; 4) vineyards; 5) ruins of dwellings and archaeological poisk number.
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Figure 36. Sections of Trench 47 and Trench 48.

Figure 37. Plan of farm at poisk 631.
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Figure 38. Vineyards in the environs of Koy-Krylgan-kala.
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Figure 39. Profiles of Kyrk-Kyz canal: 1) poisk 870; 2) poisk 863; 3) poisk 769; 4) poisk 937; 5) poisk 934 and 935; 6) poisk 790; 
7) poisk 797; 8) poisk 792; 9) poisk 838; 10) poisk 839; 11) poisk 844; 12) poisk 814. Profiles of Yakke-Parsan canal: 13) south of 
Narindjan; 14) north of Narindjan; 15) poisk 740; 16) poisk 753; 17) poisk 736; 18) poisk 757; 19) poisk 758; 20) poisk 1057; 21) 
poisk 1059; 22) poisk 1063; 23) poisk 1070; 24) poisk 855; 25) poisk 856 (environs of Ayaz-kala).
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Figure 40. Ancient Gavkhore
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Figure 41. Section 48. A) morphological structure; B) takyr crust; C) agro-irrigated layer, uninterrupted cultivation; D) agro-irrigated 
layer (?), cultivation with interruptions; E) complex of alluvial clay of tugai buried soils with traces of waterlogging; F) complex of alluvial 
sandy loam of tugai buried soil; G) lithological column; H) humus distribution; I) phosphorus distribution; J) salt distribution: 1. salts; 
2. charcoals; 3. rust spots; 4. freshwater mollusks shells; 5. of takyr origin; 6. non-stratified, heavy clay loam; 7. stratified, clay loam; 8. 
stratified, heavy clay loam; 9. stratified, loamy sand–sand; 10. stratified, sandy ground; 11. > 0.05 mm (sand); 12. 0.05–0.01 (large-sized 
powder); 13. 0.01–0.005 (medium-sized powder); 14. 0.005–0.001 (small-sized powder); 15. > 0.001 (silt).
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Figures 295

Figure 44. Yarbekir-kala. The ancient canal is visible in the upper part at left (picture by N. I. Igonin.).
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Figure 47. Ancient Shakh-Senem ‘oasis’: 1) citadel; 2) garden-park layout; 3) ruins of Kangju-Kushan dwellings; 
4) Medieval ruins; 5) Kangju and Kushan canals; 6) Medieval canals; 7) traces of ancient riverbeds; G = remains 
of glass production; P = remains of ceramic production.



Figures 299

Figure 48. Medieval Chermen-yab. 1) poisk 136; 2) poisk 428; 3) poisk 429; 4) poisk 152; 5) poisk 253; 6, 7) poisk 162; 8) poisk 696; 
9) poisk 690; 10) parallel bed of the Chermen-yab in the environs of Zamakhshar; 11) profiles of Shamurat (poisk 300); 12) poisk 290; 
13) poisk 282; 14) poisk 647; 15) poisk 648; 16) poisk 621.
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Figure 49. Medieval irrigation structures in the environs of Shekhrlik: 1) poisk 866; 2) poisk 882 and 883; 3) head structures (poisk 
885); 4) poisk 891; 5) poisk 960; 6) dam and head of canal (poisk 866); 7) field (poisk 964); 8) poisk 939 (with visible chigir pits); 
9) poisk 957.



Figures 301

Figure 50. Turkmen irrigation of the 19th century in the environs of Mashryk-Sengir. Poisk 452: head structure of the main canal; 
Poisk 474:  system of reservoirs to lift the water level; Poisk 473: agro-irrigation layouts in the Lower Daryalyk; Poisk 468: distributing 
structure of the main canal; Poisk 467: fields and gourd plantations in the environs of Mashryk-Sengir; Poisk 468: transverse profiles 
of the main canal; Poisk 455: main canal at Mashryk I; Poisk 481: Egen-Klych dam transverse profile..
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Figures 303

Figure 52. Environs of Babish-Mulla. 1) site; 2) remains of settlements; 3) traces of ancient canals; 4) 19th century mazar; 5) kurgan; 6) 
ceramic workshops. Ancient riverbeds: 7) raised above ground; 8) highlighted by vegetation; 9) preserving the negative forms of the relief; 
10) reservoir-basins.
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Figures 305

Figure 54. Irrigation system northwest of Babish-Mulla: A) riverbed-reservoir; B) head structures; C) remains of large site with pottery 
dispersion (poisk 310).
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Figures 307

Figure 56. Plan of the Balandy sector: 1) fortified site; 2) dwellings plan; 3) burials; 4) main canal; 5) small irrigation network; 6) diked riverbed.
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Figures 309

Figure 58. Environs of Altyn-asar and Djety-asar 8: A) riverbed-reservoir; B) retaining dam; C) main canal; D) 
connecting canal; E) drainage area.
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Figure 59. Schematic plan of the environs of a settlement of the 12th–beginning 13th centuries in the Murzaly sector: 1) diked riverbed; 
2) small irrigation network; 3) remains of dwellings; 4) ruins of kaptarkhana; 5) 493, number of archaeological poisk .



Figures 311

Figure 60. Irrigation in the sectors of Irkibay and Besh-Chongul. A) dam in the Irkibay sector; B) canals 
transverse profiles (poisk 211, 212, 213); C) chigir pit at poisk 213; D) Besh-Chongul dam: 1. remains of 
dam; 2. depressions; 3. canals; 4. Mediaeval pottery dispersion; E) transverse canal profile at poisk 194; F) 
transverse canal profile poisk 193.
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Figure 61. A) Plan of head structures and dams at Irkibay-kala; B) dam on the canal in the environs of Samarra (according to Sousa 1948).



Figures 313

Figure 62. Irrigation structures on the Inkardarya. Retaining dams: 1) dikes and dams; 2) canals; 3) chigir pits; 4) pottery.
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Figures 315

Figure 64. Plan of Khatyn-kala and dams.
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Table 6. Development of irrigated agriculture in the Near East (in connection with the development of 
working tools)

Years
Characteristics of Irrigation 

Techniques

XV
XV
XIV

XIII
XII
XI

XVI X 
XVII IX

VIII
VII 
VI 
V 
IV 
III 

XXIV II 
XXVII I C

5797 ± 79 I B
XXXII I 

Sialk I 

6239 ± 257

Hoes
Sickles

10,000 BCE

Digging sticks  

Stone pestles 
and mortars
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d 
– 
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on

e
Br

on
ze

Digging sticks 
with weights

Construction of protecting dams

Formation of continuous irrigation 
systems with heads and water-

regulating structures

6000 BCE

Transition from simple to complex 
irrigation

Mountain sai- stream irrigation. First 
attempts at regulating seasonal 

floods

Stone and 
wooden hoes

Çatal Hüyük        
6385 ± 101

7000 BCE

8000 BCE

Regular gathering of wild cereals

Jericho B           
7257 ± 106

Natufian 8144 ± 277

Zawi-Cheni Shanidar      
9246 ± 309

A

9000 BCE

3000 BCE

4000 BCE

5000 BCE

8968 ± 309       
Shanidar B            

10,410 ± 412

Jericho A          
7114 ± 165

Jarmo 
7371 ± 238

Some Archaeological Sites Tools
M
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 r 
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Bronze hoes and 
shovels
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Endnotes
Boris V. Andrianov

Note 1 For a detailed description of publications used see the bibliography at the end of the book.
Note 2 See the essays, Budushee Turkestana i sledy ego proshlogo (The future of Turkestan and traces of its past), Dju-i Arziz. 

K voprosu ob istorii irrigatsii v Turkestane (Dju-i Arziz. Questions on the history of irrigation in Turkestan), and others 
in V. V. Bartold (1965:274–276, 307–310).

Note 3 Ya. G. Gulyamov, active Member of the Uzbek Academy of Sciences of the Uzbek SSR, worked with the Khorezm 
Expedition as researcher in 1938–1939 and as deputy chief in 1940, 1945 and 1946.

Note 4 The uy mentioned by Ya. G. Gulyamov are not isolated sand hills, as he supposed, but ancient dispersed riverbeds 
(Tolstov and Kes 1960:39–45, 159–162).

Note 5 In her very interesting book about the irrigation of Southern Turkmenistan during the Eneolithic period, G. N. 
Lisitsyna was inaccurate in writing about Ya. G. Gulyamov’s view on the origin of main canals in Khorezm. She 
connected Ya. G. Gulyamov’s opinions with those of S. P. Tolstov on this issue. Ya. G. Gulyamov did not write 
about the “cleaning of natural riverbeds and their straightening”, but rather on the agriculture which “developed 
here from the floods in the basin of lateral river channels” and the farmers “just retouched the natural thalweg”, 
which was understood by the author as the lowering between sand hills, or ‘long uy’ (Lisitsyna 1965:9; Gulyamov 
1957:60–67, 89).

Note 6 Very interesting thoughts about the importance of irrigation development in the change to the slave-based feudal 
formation were provided by I. S. Braginskiy. He appropriately divided the history of irrigation into two parts: the first 
corresponded to a period of ‘large’ irrigation with canals many kilometers long and, contemporaneously, the most 
developed slave-owning relations; the second corresponded to a period of ‘complex irrigation’ with development 
of water lifting devices (chigir) and more technically advanced methods of irrigation and husbandry, connected 
with the feudal period. Significant changes in productive forces, especially in irrigation, stimulated, according to 
him, the conflicts in the relations between productive guides, and slave-owners that led to their crises (Braginskiy 
1956:164–167).

Note 7 Specific information on Central Asia’s slave-owning system is given in Tolstov 1938a; Bernshtam 1947; Litvinskiy 
1963; Rakhmanova 1964a–b; Masson 1968.Editor 81 B. A. Litvinskiy, noted the uncertainty around the question of 
slave labor in ancient Central Asia; but, at the same time he supposed that this labor was widely used in agriculture, 
and in particular in irrigation works (Litvinskiy 1963:475–476).

Note 8 The question regarding the relationships between communal and slave labor in agricultural production in 
countries of the ancient world was again raised during recent discussions on the ‘Asian Mode of Production’, on 
a chronological seriation of history and historical development of Oriental countries (Yu. Semenov 1957, 1965; 
Vasilev 1965; Afanasev 1965; OOI 1966; Dyakonov 1966; Pechirka 1967; Masson 1967a; Nikiforov 1968; etc.).

Note 9 According to A. I. Tyumenev, the written sources from Sumer did not contain direct evidence of the involvement 
of war slaves in irrigation work (Tyumenev 1956:369). I. M. Dyakonov, summarizing the study of communities 
in the ancient Orient, rightly paid attention to the predominance of natural forms of social production in this 
period. According to him “slave labor in agricultural production cannot be considered as characteristic for the 
first class formation, which we call the slave mode of production” (Dyakonov 1963:16–17ff.). Abroad, the idea 
of the insignificance of slave labor in the agriculture of ancient Mesopotamia was developed, for example, by the 
famous archaeologist R. McC. Adams (1966:96–97, 102–104). The position of R. McC. Adams, mainly in relation 
to irrigation works, was recently criticized by K. A. Wittfogel (1967). As for Central Asia, the same point of view was 
shared by A. M. Belenitskiy in 1954 at the conference of historians in Tashkent (see Belenitskiy 1955:505–509) 
and in 1968 at the conference of archaeologists of Central Asia in Leningrad (see Belenitskiy 1968).

Note 10 The field diaries of the members of the expedition with the description of the research are stored in the archive 
of the Khorezm Expedition.

Note 11 This can be explained by the fact that, even in the most advanced area of topographic study of the earth’s surface, 
during the interpretation of aerial photographs the questions on the methods of decoding cultural landscapes are 
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simply excluded or limited to specific issues such as the study of modern human settlements, etc. (Bogomolov 
1963:4; AEE 1967:50–56; Sokolov 1952; etc.).

Note 12 A similar conclusion (albeit in a conjectural and hypothetical way) was recently advanced by E. E. Nerazik 
(1966:15), who connected the farmer settlements of Khorezm during the Afrigid period with the peculiarities of 
Khorezm irrigation. As we shall see below, a clear connection between the topography of irrigation systems and 
the distribution of population can also be traced back to earlier periods.

Note 13 A very interesting method for determining the cultivated soil in the past was developed by the soil scientist N. 
G. Minashina (1960, 1962). She applied micromorphological analyses of soil structure in areas that have lost the 
outward signs of cultivation, with the aim of determining the extent and impact of irrigation on soil conditions. 
Valuable observations were made by N. G. Minashina on the historical dynamics of soil salinity, in connection with 
irrigation, followed by abandonment and new development of the ‘lands of ancient irrigation’ in the Murgab oasis.

Note 14 Soviet archaeologists have already made important advances on the matter of cataloging and recording data from 
archaeological sites within a coherent and rigorous system (Rybakov 1957). However, there are few special papers 
devoted to the methods of archaeological mapping in both the USSR and abroad (Dublitskiy 1927; Gulley 1960; 
Mongayt 1962), although archaeological mapping is quite widespread in recent years in archaeological research 
(Talitskaya 1952; AKK 1960; etc.). A. L. Mongayt rightly emphasizes that the mapping method in solving some 
complicated problems regarding the history of material culture have not yet been fully applied (Mongayt 1962:16).

Note 15 Most of the proceedings deal with the techniques of aerial photography, the equipment, the problems of 
processing and deciphering aerial photography for archaeological purposes. Noteworthy is the report by I. Scollar’s 
(Federal Republic of Germany), which deals with the methods of decoding the archaeological sites in Central Europe 
disclosed by vegetation (see also Scollar 1965). The method of detection of ancient settlements, fortifications, roads, 
walls and canals in photographs of plowed and sown territories is of great importance for the archaeology of many 
European countries and in the European part of the USSR.

Note 16 Interestingly, the first experience in topographic detection of ancient irrigation in Mesopotamia took place in 
the mid-19th century. The well-known British irrigation specialist I. W. Willcocks collected these materials (maps, 
plans, and sections) in a book dealing with the question of ancient canals on the Tigris River (Willcocks 1903).

Note 17 In 1962–1963, during the study of the earliest irrigation work in the territory of the USSR dated to the Eneolithic 
period in the Geoksyur oasis, G. N. Lisitsyna focused her attention on the excavations of ancient canals and riverbeds. 
In this case, she successfully used the data provided by the main stages of flooding in the oasis. For example, the 
finds of ceramics and a fragment of a clay female figurine in a canal confirmed the artificial nature of the facilities 
whose discovery was made possible by using aerial methods (Lisitsyna 1965:figs. 4–11, figs. 25–36, 1966:99–100). 

Note 18 Personal communication.
Note 19 According to al-Makhdisi, the legendary king of the Orient ruled a vast territory ‘climatically’ oriental , including 

Khorasan (Khorasan part) and Maverranahr (Khaytal or Hephtalite part; MITT 1939:185:note 6).
Note 20 According to Yakut, “in the language of the Khorezm population, kas means ‘wall’ (khait) in the steppe surrounded 

by nothing” (in MITT 1939:430, S. M. Bogdanovoy-Berezovskoy translated the word khait as ‘farm’). According to 
V. V. Bartold, kyat is a space in the steppe encircled by a wall or a rampart (Bartold 1963, Tom I:199). S. P. Tolstov 
(1948a:11) translated this word as ‘wall’. Ya. G. Gulyamov connected kyat with the ‘dwelling fence’ of an ancient 
Iranian settlement (Gulyamov 1957:45).

Note 21 E. Sachau, W. Geiger and V. Tomashek interpreted the toponym ‘Khorazm’ as ‘land providing food and water’, 
‘fertile land’. P. I. Lerkh, N. I. Veselovskiy and H. Kiepert supposed that Khorezm meant ‘lowland’. A different 
interpretation was given by S. P. Tolstov, who, according to M. N. Bogolyubov, combined P. S. Savelev’s and C. 
Bartholomae’s translations as ‘Land of (the people) of the sun’, ‘Land (country) of Hwarri or Harri people’, ‘Land of 
the Hurrians’ (Tolstov 1948a:223; 1948b:80–87). M. N. Bogolyubov, based on the ancient Persian and Avestan 
terminology, suggests different interpretations, as ‘country, with good fortifications for cattle’, ‘country, where the 
settlements have good walls’, or ‘country with good enclosures’ (Bogolyubov 1962).

Note 22 See review of the opinions and the literature in the works by M. H. de Goeje, W. Geiger, G. Le Strange, A. 
Herrmann, W. W. Tarn, K. A. Inostrantsev, V. V. Bartold, S. P. Tolstov, Ya. G. Gulyamov, A. M. Konshin, etc. 

Note 23 The most complete review of studies of the origin of agriculture is contained in C. D. Darlington (1963).
Note 24 The further development of this materialistic conception of Prehistory led to the refinement of some parts of 
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L. H. Morgan’s scheme: F. Engels and Soviet scholars developed both social and economic-cultural aspects of this 
subject. See the works by S. P. Tolstov, M. O. Kosven, A. I. Pershits, B. B. Piotrovskiy, M. G. Levin, N. N. Cheboksarov, 
V. M. Masson, etc. (Andrianov 1968a:22:note 1).

Note 25 The question of the origin of cultivated wheat is still unclear. N. I. Vavilov (1967, Tom I:103–115) outlined 
two main centers: Southwest Asia, where the common wheat and club wheat (hexaploid) prevailed, and the 
Mediterranean area with the durum wheat (tetraploid). The data on the spreading of wild species led J. R. Harlan 
and D. Zohary to localize the process of domestication of the einkorn wheat in the piedmonts of the Zagros and 
Taurus mountains, and emmer wheat in the basin of the Jordan River (Harlan and Zohary 1966:1079). Emmer, 
a transition species close to the wild one, was found by H. Helbaek in Jarmo (8th–7th millennia BCE). J. Mellaart, 
during the excavations of East Çatal-Hüyük on the Konya plateau in Western Anatolia, discovered einkorn and 
emmer (Helbaek 1964a).Editor 82 Common wheat was found in Southern Turkmenia in sites of the 6th–4th millennia 
BCE, particularly in the piedmont area sites of the Djeytun culture (Chagylly-Depe), in layers of Anau I B (Namazga 
I), in Tedjen, in the upper layers of Mullali-Depe (Yakubtsiner 1956:108; Khlopin 1964:93). In sites of the Namazga 
IV–V period (late 3rd–early 2nd millennia BCE) at Ak-Depe (Yakubtsiner 1956:109) and Namazga-Depe (Litvinskiy 
1952), common wheat and club wheat were discovered. Club wheat, a typical mountain wheat, is represented in the 
irrigated plain of the Khorezmian oasis by a special subtype. According to P. M. Jukovskiy, this is the second form 
(Jukovskiy 1950:87). W. M. Bauden, and later H. K. Kihara, K. Yamashita and M. Tanaka, connected the origin of 
common wheat and club wheat with the process of natural hybridization of tetraploid samples with wild species 
of goatgrass (Bowden 1959; Kihara, Yamashita and Tanaka 1965:101).

Note 26 Wild two-row barley was found also in Southern Turkmenia by V. V. Nikitin and later by F. Kh. Bakhteev (1959). 
In the Neolithic site of Djeytun barley seeds were discovered (Yakubtsiner 1956:108). During the excavations at 
Mullali-Depe, 9,100 barley seeds and only 250 wheat seeds were found (Lisitsyna 1965:135). The finds by H. 
Helbaek in Jarmo of two-row barley with weak traces of domestication witness the fact that in Mesopotamia, between 
the 8th and the 7th millennia BCE, this process did not lead to visible changes, but by the 6th–5th millennia BCE 
two-row barley was replaced by six-row barley (Hordeum vulgare; Helbaek 1960a:116).

Note 27 In the Balkan Peninsula, in the pre-ceramic Neolithic layers of Argissa (6th millennium BCE), grains of three 
species of cultivated wheat (einkorn, emmer and spelt), two species of barley (two-row and six-row) were discovered 
as well as osteological remains of bovines and capri-ovines (Titov 1962, 1965a).

Note 28 The research of T. Harrisson in Borneo revealed Neolithic layers of 4000 to 250 BCE with material culture 
remains which indicated a possible skill in plant cultivation (Harrisson 1964). Very interesting data about ancient 
agriculture were obtained recently from the mountainous regions of New Guinea, where, at the bottom of a 
dry marsh, stone polished axes, wooden digging sticks, shovels, the remains of drainage ditches and fields were 
discovered. The settlements are dated to: 2050±140 BCE to 350±120 BCE (Lampert 1967).Editor 83

Note 29 Citing materials of the Khorezm Expedition (Tolstov and Kes 1956; Andrianov 1951, 1955, 1959a, etc.), 
those facts proving the author’s scheme have been quoted, while other facts and material contradicting it have 
been ignored.Editor 84

Note 30 Changes in moisture, in our view, existed and exerted a certain influence on agricultural activities over the 
centuries. They can be identified only with a very detailed archaeological and paleogeographical study of a territory, 
including calculations of land areas and determining the capacity of both water channels and irrigation system of 
the Aral Sea functioning simultaneously (Andrianov 1951, 1958a–b, 1965; Zadneprovskiy and Kislyakova 1965; 
etc.).Editor 85

Note 31 Digging sticks remained in use by North American Indians up to the 19th century. Describing methods of sai-
brook of the Pima Indians, the American ethnographers noted that the main implement was a stick with a sharpened 
end (Castetter and Bell 1942:134; Bennett 1946:613, Pl. 131.b–d–e; Casanova 1946:621:fig.50; etc.).Editor 86

Note 32 We cannot agree with the conclusion of A. Ya. Bryusov on the limited spread of this earliest method of cultivation 
(Bryusov 1957:182). For example, A. P. Okladnikov (1962:418–431) rightly observed how the stick-hoe was widely 
spread in the earliest form of agriculture (Forde 1963:378–393; Darby 1956:198–199; Childe 1956:56; Masson 
1966a:157–158; Nilles 1942–45:205–212; Damm 1954).

Note 33 According to C. A. Reed, the goat, the oldest domesticated animal in the Near East after the dog, is the first 
domestic animal in an economy where gathering was combined with the beginning of agriculture (Reed 1960:119; 
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Zeuner 1955). M. L. Ryder (1958:781) identified the process of gradual transformation of the wild short-haired 
goat (10th–9th millennia BCE) into the domestic goat (8th–7th millennia BCE) and, finally, into the domestic 
long-haired goat (4th–3rd millennia BCE).

Note 34 The earliest specimen of adzes were found at Tell Arpachiya (7th–5th millennia BCE) and described by H. H. 
Coghlan (1943:38). Robert J. Braidwood noted that some celt-shaped tools were used as hoes (Braidwood 1958). 
V. Christian, who published a series of celt-shaped stone tools from Uruk, Ubaid and Jemdet Nasr, considered 
them for working wood (Christian 1940:taf. 44.2–3, taf. 53.11–13, taf. 134.2). But, according to A. Steensberg, 
these tools were more convenient for uprooting roots, digging pits, leveling fields and furrowing for seed planting 
(Steensberg 1964:131).

Note 35 In Palestine (Jericho) the first metal artifacts were found in layers dated to the 6th millennium BCE. In Çatal 
Hüyük, Western Anatolia, in layers of the early 6th millennium BCE. J. Mellaart discovered copper and lead beads 
(Mellaart 1964:113–114). He also supposed that in the heyday of this settlement (layers II–IV) simple awls and 
borers were used. In Iran, metal was found at Sialk in layer I (early 5th millennium BCE). In Central Asia, the 
Anau center of metalworking is known. According to E. N. Chernykh, here, already in the period of Anau 1a (5th 
millennium BCE) and Namazga I (between the 5th and the 4th millennia BCE) personal copper ornaments and 
implements were widespread (Chernykh 1962).

Note 36 A chronological change of implements was fully revealed in Mersin, where, in the lower layers XXXIII–XXVII, 
stone adzes were found (Mersin XXVII: 5797+79 BCE) and in layers XVII–XV (end of the 5th–early 4th millennia 
BCE) bronze tools in the form of plates of different shapes were found (Garstang 1953:2; 30–31, figs. 13, 41, 95b, 
80b, 129).

Note 37 The term ‘urban revolution’, as a synonym of the early stage of class society formation, is widespread among 
American and European archaeologists (see Braidwood and Willey 1962; Adams 1966; etc.). R. McC. Adams, for 
example, compared sites and cultures of the ‘urban revolution’ in early Mesopotamia and Mesoamerica (see Adams 
1966:25–36, fig. 1). However, V. M. Masson (1966a:163) rightly observed that in this sense the use of this term 
does not appear appropriate.

Note 38 K. A. Wittfogel sharply criticized the position of R. McC. Adams, which considered the structure of early 
Mesopotamian society as archaic, and underestimated the significance of the centralized state power in organizing 
a large irrigation economy. K. A. Wittfogel rightly noted that R. McC. Adams’ research gave little credit to the 
organizational and physical labor expended in the creation and maintenance of irrigation systems in Mesopotamia 
(Adams 1965:40–41; 1966:66–77; Wittfogel 1967:90–92).

Note 39 In Egypt’s Neolithic sites, stone tops (pommels) are known with various shapes: elongated as a kind of pick, 
hammer-shaped, round, hexagonal, etc. (Brunton and Caton-Thompson 1928:LIII.1–15; Reisner 1910: 118). The 
tops of digging sticks of contemporary Ethiopia provide a very interesting ethnographic parallels. So, in a photo of 
N. I. Vavilov, a field deep tillage can be seen being  done with digging sticks weighted with massive stone balls or 
discs (Vavilov 1962:161–162; Grum-Grjimaylo 1962:85, 91; see Figure 20).Editor 87

Note 40 About the Scorpion’s mace, see the work of N. M. Postovskaya (1947:233–249; 1952:49–67), who carefully 
studied the image on the mace and advanced the important conclusion that the image can be viewed as a sign of 
the union of Upper and Lower Egypt (Postovskaya 1952:61).

Note 41 A. J. H. Goodwin, who studied the distribution of African digging stick tops, divided them into two groups: the 
large tops more than 15 cm in diameter (similar to the Bantu tribe’s digging stick) were used as a weight, while the 
small ones as mace tops (Goodwin 1947:210). Neolithic ‘maces’ from Egypt are interpreted by some researchers 
as digging stick tops  (see Drower 1954:50).Editor 88 Hence, it is possible to assume that, before the invention of the 
hoe, the agricultural implements of the Nile Valley were digging sticks with a weight.

Note 42 The Scorpion holds in his hands a wooden hoe, consisting of two pieces of wood, forming an acute angle and 
joined in the middle by a cord, thus the angle between the handle and the working part can easily be changed. This 
is the most ancient image of the Egyptian hoe (mr). Its peculiar shape is well explained by Yu. F. Novikov, who proved 
the feasibility of the hoe structure as a universal feature used as a percussion farming implement and a tool to collect 
soil, build banks and dig irrigation furrows (Novikov 1964; Saveleva 1962:58–61; Reder 1962:165–170). D. G. 
Reder criticized B. Brentjes’s supposition that the Egyptians borrowed the hoe from the Near East. The supposition 
is based on the comparison of mr (Egypt) and marr (Mesopotamia).
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Note 43 In the Old Kingdom there was a title, which W. Helck translated as ‘chief of the mouth’ (Saveleva 1962:48). 
Note 44 As supporter of the organizational theory of state formation, in his study on ‘hydraulic’ civilizations, K. A. Wittfogel 

highlighted the little difference between the labor of a member of a kin community and the forced conscriptions 
of class society (see Wittfogel 1957:24–25).

Note 45 Reporting on the construction of the famous Nile–Red Sea canal (begun during the reign of Senusret III and 
Ramses II), Herodotus remarks that in the reign of Necho II (7th century BCE) 120,000 Egyptians died working 
on that canal (Herodotus II, 158).Editor 89

Note 46 R. Taubenschlag cited data from a 83–84 BCE papyrus, where private dams existed and the schedule of workers 
were already implemented according to holdings size (Taubenschlag 1955:618, 42).

Note 47 A summary of archaeological finds and traces of floods in the layers of Kish, Ur and Shuruppak is given in the 
last paper by M. E. L. Mallowan (Mallowan 1964:62–63; Woolley 1938, 1954). Editor 90

Note 48 Such a combination of small riverbeds and narrow ditches has been identified also by G. N. Lisitsyna in the 
Eneolithic Geoksyur oasis (Lisitsyna 1965:41–74, 107–135).

Note 49 R. McC. Adams on the contrary, supposed that the emergence of statehood in Mesopotamia was not connected 
with the beginning of wide irrigation works (Adams 1966:68).

Note 50 A. Steensberg’s thought that the wooden plough originated from such hoes-shovels (traction-spades), which were 
pulled by rope and which had an important function during digging irrigation ditches, is not a new one. Already 
in the late 19th century E. B. Tylor, and in 1931 P. Leser (Leser 1931), argued that such implement preceded the 
plow (see also Curwen and Hatt 1953). P. Leser identified a wide region where, in our time, such implements have 
survived: Korea, Japan, Central Himalaya, Baluchistan, Armenia, Arabia and many areas of Africa. Hoes-shovels are 
still widely used in irrigation works in the mountainous regions of Central Asia. N. I. Vavilov and D. D. Bukinich 
report the use of similar implements for irrigating furrows and for cleaning and digging canals in Afghanistan 
(Vavilov and Bukinich 1929:27:fig. 17, 168–171, fig. 125).

Note 51 In the Neo-Babylonian period this symbol of power was enhanced by a crossbar above the triangular blade. 
A similar implement was observed on a Syrian cylindrical seal of the 9th–8th centuries BCE (Frankfort 1939:Pls. 
XXIX.j-m; XLIII.b). Compare it with the modern shovels from Iraq (Hopfen 1960:fig. 21b, fig. 24a). On the seal 
of the first Babylonian dynasty, the triangular blade of a shovel with handle (?) is next to the image of Hadad, the 
God of Fertility, and Shamash, the God of the Sun. A. Steensberg supposed that the prototype of the ‘spade-shaped’ 
rod was not a simple shovel, but a special stone hoe-shovel used in irrigation work. Several types of shovels were 
published in 1957 by B. Brentjes. The figure from Susa of a man holding a shovel in his hand is well known (3rd 
millennium BCE). Shovels of this type, made of one piece of wood, were found in early agricultural sites of Southern 
Schleswig. They were also dated to the 3rd millennium BCE (Steensberg 1964:116–119)

Note 52 See more in J. Laessøe (1953:5–26), I. M. Dyakonov (1959:87:notes 115–116) and A. Salonen (1965:Pl. XCII). 
A Syrian relief of the time of Ashurnasirpal II (883–859 BCE) depicts a pulley with a bucket. Perhaps a water-lifting 
mechanism such as the cêrd existed already in Babylon. In Iraq the shaduf is called dālia, which goes back to the 
Akkadian ‘lift’ dalū (dalā in Arabic). In Mediterranean countries the Arabic term for the water-lifting wheel nā’ūra 
changed to noria (Laessøe 1953:7).

Note 53 See the bibliography and a general overview in V. M. Masson (1966b:3–10) and T. I. Zadneprovskaya (1966). 
An attempt to summarize the archaeological materials on the history of irrigation in the Aral Sea area and the 
entire Western Turkestan was made recently by Robert A. Lewis (1966). He widely used the publications of the 
Soviet archaeological expeditions in Central Asia. The author rightly identified the main geographical centers and 
chronological stages of development of irrigation skills, from the primitive original forms in the piedmont to the 
extensive irrigation systems in the major river valleys (Lewis 1966:490–491).

Note 54 The material culture of hunters, fishers and gatherers of the Mesolithic and Neolithic periods, was found in the 
caves excavations on the Krasnovodsk plateau (Djebel, Kaylyu, Dam-Dam-Cheshme), in mountainous Tadjikistan 
(Chiluchor-Chasma, Oshkona, Tutakaul, etc.), in Kelteminar sites in the lower reaches of the Amudarya (Djanbas 
4 and Kavat 7; Okladnikov 1953, 1956a–b, 1966), in Southern Kyzylkum (Darbaza-kyr I and II, Lyavlyakan 26) 
(Ranov 1960, 1961), and Osh-khona dated by 14C (RUL-280) to 7580±130 BCE; Tolstov 1941:156; 1948a:59–66; 
1948b:65–74; 1957a:37–40; 1962a:27–41; Itina 1958; Vinogradov 1957a–b, 1958, 1960, 1963, 1968; Gulyamov, 
Islamov and Askarov 1966; see also the papers in Sections I and II in PASA 1968; etc.).
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Note 55 In the southern outskirts of the Central Asian mountains of Afghanistan and Baluchistan, primitive forms of 
farming were discovered in cultural layers of the 5th millennium BCE (see Dupree 1964; Harris 1967:94).

Note 56 Before the discovery of the Djeytun sites, the most ancient farming culture in Central Asia was that of the 
painted ceramics of Anau, which, according to the stratigraphy of R. Pumpelly’s expedition (Pumpelly 1908), was 
divided into four stages (Anau I–IV). The work by A. A. Marushchenko, B. A. Kuftin and V. M. Masson revised this 
chronology and identified local historical and archaeological periods (see Marushchenko 1939, 1956; Kuftin 
1954, 1956; V. M. Masson 1956c, 1962b; Khlopin 1963; Sarianidi 1965; Lisitsyna et al. 1965; Berdyev 1966). 
The investigations of O. Berdyev revealed several development stages of the Djeytun culture before Anau Ia. The 
earliest is characterized by materials of Djeytun; next to it by the layers of Chopan-depe I; the middle by the upper 
layers of Chopan-depe 2, Bami 1, etc.; a later one in the upper layers of Bami 2 and Chagylly-Depe 2 (Berdyev 
1966:24). The last stage was dated by14C analysis to 5036±110 BCE.

Note 57 Aerial photographs were taken in 1961 by a scientific member of the Khorezm Archaeological- Ethnographic 
Expedition, the engineer-geodesist N. I. Igonin.

Note 58 Later sites of the Bronze Age (Khapuz-Depe) were founded by migrants, coming from the Geoksyur oasis in the 
upper reaches of the Tedjen River, where lateral riverbeds, 60 m wide, still functioned and provided for farming 
maintenance (Sarianidi 1965:49).

Note 59 V. S. Sorokin, on the contrary, tends to see the Andronovo’s tribes agriculture as a minor economic sector 
(Sorokin 1962:59).

Note 60 The publication of E. E. Kuzmina (1964a:151), on the comparative stratigraphy of anthropic layers of Southern 
Turkmenia sites, containing finds of rough ceramics of steppe type, clearly shows that this pottery already appeared 
there between the 3rd and 2nd millennia BCE (Anau III d–e, Namazga V).

Note 61 As seen in the sketch of irrigation development in different countries of the world, the pathway of origin of 
irrigation techniques was characteristic of Mesopotamia and China (see pp. 118–126).

Note 62 Compare with the description of irrigation work of the Arizona Indians (see Figure 16).
Note 63 Placing large fortifications near canal heads, to control irrigation networks, was noted in many other regions 

of Central Asia (see Bukinich 1945:194; Gaydukevich 1947:108–109; Tolstov 1948b:122; Latynin 1962:22).
Note 64 Modern field botanic research on the borders of the USSR, in the mountains of Pakistan, Afghanistan and Iran, 

has revealed an extensive area of distribution of wild wheat and  goatgrass, the latter a natural hybrid which also 
produced hexaploid common wheat (Bowden 1959; Kihara, Yamashita and Tanaka 1965:2, 101) (see also p. 99).

Note 65 S. V. Kiselev supposed that the appearance of Tazabagyab tribes in Khorezm dates back to the second quarter of 
the 2nd millennium BCE, because the formation of Srubnaya and Andronovo cultures ended by the 17th century 
BCE (Kiselev 1965:57; Terenojkin 1965:64–65; Itina 1967:70–71).

Note 66 V. M. Masson described in details four independent cradles, or centers, of early farming cultures: 1) Jordan 
and Palestine (Jericho, etc.); 2) Syro-Cilicia and Southwest Turkey (Amuk-Mersin, Çatal Hüyük, etc.); 3) North Iraq 
(Jarmo, Hassuna); 4) Central Iran (Sialk) (Masson 1964:39–81; see also Andrianov and Kes 1967:27–28; 1968a:25).

Note 67 On Siyavush or Siavakhsh (Syavarsan in Avesta) see Ptitsyn 1947:309–310; Tolstov, 1948a:68, 202–205, 223; 
Dyakonov 1961:34–44; Klyashtornyy 1964:165–169; Tolstov and Vaynberg 1967:244.

Note 68 At their time, K. F. Geldner, F. Justi, and J. Darmesteter supposed that the birthplace of Avesta (Airyana Vaējah) 
was the country of Arran (between the Araks and Kura rivers); W. Geiger the Upper Zeravshan; J. Marquart, V. 
V. Bartold, F. C. Andreas, E. Benveniste, A. E. Christensen and S. P. Tolstov, the Khorezm oasis; M. M. Dyakonov 
Bactria; K. V. Trever, the Sogd; W. B. Henning, the area subjected to the ancient pre-Achaemenid Khorezm (‘Great 
Khorezm’), in the valleys of the Tedjen and the Murgab; B. A. Livshits connected the Airyana Vaējah with the ‘Great 
Khorezm’ (see Marquart 1901:118, 155; Inostrantsev 1911:299–300, 307–316; Bartold 1965:544; Benveniste 
1934:265–274; Dyakonov 1961:58–65, 361:notes 95–96; Struve 1948:5–34; Tolstov 1948a:20, 286–287, 341; 
1948b:103ff.; Henning 1951:43; Livshits 1963:151–153; etc.).

Note 69 In the Bundahishn is preserved a list of ancient Iranian rivers, many of which, however, have not yet received a 
clear geographical identification (Müller 1880, Bundahishn:ch. XX:7; Ptitsyn 1911:315–316).Editor 91 It is possible 
that the name ‘Daraga’ survived in modified form in a city name near the crossing of the Amudarya; it was called 
Dargan, Darugan, Darugan-Ata, and it was the most southern point on the territory of Khorezm in the 10th–11th 
centuries.
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Note 70 Irrigated agriculture was known to the compilers of Avesta, but all mention of irrigation canals are limited to 
Videvdat, and therefore should probably be attributed to a later date (Dyakonov 1961:362:note 99).

Note 71 See, for example, the water flow in canals, the regime of the Djeykhun, and the measuring tools used in the 
construction of canals (Biruni 1957:286–290; Tolstov 1957b:10:note 17; Tolstov and Vaynberg 1967:252).

Note 72 Above the Tyuya-Muyun gorge, the river flows into the Duldulatlagan gorge, also known by the local population 
as Danysher, i.e. Dakhan-i Sher (in Iranian, ‘Lion’s mouth’), translated in Arabic as Fam al-Asad (see Gulyamov 
1957:19; Biruni 1966:284:note 172). Al-Biruni also quoted the Khorezmian name of the gorges: Sikr ali-Shaytan, 
which means Shaytan’s dam (Gulyamov 1957:19)

Note 73 Around the 8th century, a group of Pechenegs wandered into the Northern Karakum and in the Sarykamysh 
depres sion (see Yakubovskiy 1947:50–51; Tolstov 1950b; Klyashtornyy 1964:176–179). The riverbed of Mazdubast 
is the system of dry riverbeds of the Sarykamysh Delta (Daudan, Kangadarya, Daryalyk) and, likely, Uzboy (Gulyamov 
1957:20–27; Tolstov and Kes 1960:9–17; Tolstov, 1962a:25).

Note 74 As we shall see below, the natural history of the three Amudarya’s deltas (first, the dissection of the Akchadarya 
and later also the channels of the Sarykamysh), is reflected in the prevailing historical period physiographic 
processes: deflation processes that prevailed in the ‘lands of ancient irrigation’ on the right bank of the Amudarya, 
and the processes of accumulation on the left bank. This in turn affected the preservation of site materials (settlements 
and channels) in the two main areas of Khorezm: the right bank and the left bank of Amudarya.

Note 75 See the history of the study of the Akchadarya deltas and their geographical description in Tolstov and Kes 
1960:35–66.

Note 76 This circumstance, apparently, also compelled Ya. G. Gulyamov (without good topographic materials and aerial 
photographs) to consider the Suyargan as the most ancient source of irrigation for the right bank of the Khorezm. 
He considered as Suyargan all the dry riverbeds of the southern delta (Gulyamov 1957:47, 62, etc.).

Note 77 In the Uzbek language kul means ‘salt marshes’, ‘lake’, as well as ‘ash’, ‘ashes’; kulcha means ‘flat cake’. In the 
Iranian languages darya, daryache (Persian) or daryacha (Afghan) means ‘lake’ or ‘sea’; hence Amudarya or ‘Darya-i 
Amus’ (from the city of Amul or Amu; see Bartold 1965:319).

Note 78 The system of complex seasonal movement was typical, for examples, for the Nuer pastoralists, who harvested 
two crops a year (Evans-Pritchard 1940:76–81).

Note 79 For the Bronze Age sites see Tolstov 1939:174–176; 1948a:66–68; 1948b:76–78; 1958:90–91; Itina 1959a, 
1960, 1961, 1962, 1967, 1968; Tolstov and Itina 1960b; Tolstov and Kes 1960:82–135.

Note 80 Settlements and encampments of the Bronze Age with remains of irrigation works in the environs of Bazar- kala 
are: Kokcha 1–10; Bazar 1–11; poisk 446–447, 464, 469, 477, 479, 481, 499, 504–511, 515, 548–549, 551–552, 
560, 565, 567, 570–576, 583, 665, 671–675, 678–683, 688, 690–693, 702, 705, 713 (Figure 29).

Note 81 What was cultivated in these ‘fields’ is still unknown. The content analysis of burial vessels did not provide any 
results (Itina 1961:54).

Note 82 Geomorphologic research on the Tedjen River near the Bronze Age settlement of Khapuz-depe (3rd millennium 
BCE) also revealed the remains of an ancient artificial dike on the river bank (Masson 1967b:334).

Note 83 A clear example of the use of old riverbeds for irrigation in the 19th century is the formation of the Kuvanysh-
Djarma system (Andrianov 1958a:88–90).

Note 84 Settlements and encampments of the Bronze Age, northeast of the ruins of Djanbas-kala, with remains of 
irrigation works are Kokcha 15 and 16; poisk of the years 1954 and 1964 were: 641, 647–653, 655, 656, 662, 
663, 1599–1601, 1604–1607, 1609–1611, 1613–1616, 1620–1626, 1628, 1632, 1634.

Note 85 N. I. Igonin provided a topographic plan of the settlements of Kokcha 15 and 16 and of their fields, parts 
of which had diked areas measuring 16 × 10 m, 10 × 10 m, 12 × 10 m, 7 × 7 m, etc. (Itina 1967:74, 77:fig. 
5;1968:77:fig.1, 79:fig.2, 81).

Note 86 The trench was described with the assistance of soil scientist F. I. Kozlovskiy, a member of the Aral Sea Expedition 
of the Institute of Geography.

Note 87 The settlements and encampments of the late Bronze and early Iron Ages between Little Kavat-kala and Yakke-
Parsan are: Yakke 1, 2; Kavat 1, 2; poisk: 1363–1367; 1390–1392, 1449–1454, 1498–1508 (year 1957).

Note 88 By their size, the Amirabad semi-earthen houses are very close to the Tazabagyab ones (see Tolstov 1962a:49:fig. 
19, 50, 69, 72:fig. 31; Itina 1959a:56; 1963:112).Editor 92 This suggests that approximately the same number of people 
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could live in underground dwellings, as well as in settlements (see p. 149). According to E. E. Kuzmina, in the late 
Alakul period (13th–12th centuries BCE), from 10 to 30 people could live in Andronovo semi-earthen houses 11 
× 7 m in size (Kuzmina 1964b:106). K. V. Salnikov wrote that few tens of people lived in large Andronovo semi-
earthen house (over 100 m2) (Salnikov 1965:28). M. I. Itina wrote that about 30–40 people lived in Amirabad 
dwellings in Yakke-Parsan 2 (Itina 1963:129).

Note 89 G. N. Lisitsyna provided similar calculations for canal digging labor costs in Geoksyur based on a standard of 
excavation (3 m3 per person per day) known from Sumerian documents (Lisitsyna 1965:128– 129), although this 
standard was good for workers with good metal shovels (see Smirnov 1933:10–12). We arbitrarily reduced it (due 
to imperfections of working implements) by one third.

Note 90 In this circumstance, perhaps, in terms of irrigation history in Central Asia and Near East, the coincidence of the 
term can be explained, both a natural channel and an artificial main canal: djuy, djuybar, nahr (pl. ankhar) meaning 
‘river’ or ‘channel’ both natural and also artificial (see Bartold 1965:117). The genetic relationship between main 
canals and riverbeds is also confirmed by the Khorezmian term arna, which means ‘canal’, ‘canal formed by river’, as 
opposed to an excavated canal, yap or yab (Radlov 1893:303; 1905:259; Bartold 1965:118; Gulyamov 1957:243). S. 
P. Tolstov noted the proximity of the Khorezmian arna with the proto-kassites ‘source’, ‘spring’ (Tolstov 1948b:80–81).

Note 91 See also the hypothesis of D. D. Bukinich, who connected the beginning of agriculture in Central Asia with crops 
of forage grasses (Bukinich 1924). It is impossible not to recall that the Lower Amudarya is one of the regions of 
domestication of lucerne as the traditional food culture of Khorezm, which gives, with watering, 4–6 crops per year.

Note 92 According to V. M. Masson, during the Yaz 1 period, the Guniyab canal was 36 km long and the Gati-Akar 
canal 55 km long. They were 5–8 m wide and 2–3 m deep (Masson 1959:87–91).

Note 93 V. V. Bartold, and after him S. P. Tolstov, connected Herodotus’ description on the Ak River with the Lower 
Amudarya (Tolstov 1948a:43).

Note 94 Finds of Archaic ceramics clusters in the environs of Bazar-kala: poisk 352, 359, 421, 422, 440, 448, 453,454, 
470, 472, 484, 497, 500, 545, 546, 561, 562, 564, 583, 587, 589, 701, 709–711, 1223, 1225.

Note 95 Sites remains in the basin of the ancient Kelteminar with predominance of Archaic pottery: poisk 1, 2, 4, 6–7, 
10, 12, 31, 39, 46–47, 50, 53–59, 72–73, 76, 80, 82, 94, 96–98, 100, 109–110, 114–115, 123–125, 165,203, 
205, 232, 238–239, 276, 302, 304, 306, 334, 337, 345–347, 349, 365–367, 370–371, 373–374, 416, 501, 
1243, 1272–1273.

Note 96 In the Dingildje ‘oasis’ the prevailing Archaic pottery came from Archaic Dingildje poisk: 138, 141, 150–151, 
153–157, 160, 176–178, 191, 194–196, 199, 206–207, 223–226, 403, 1557–1558, 1570, 1579, 1584 (1198), 
1586, 1597

Note 97 Grape was known in the Lower Amudarya already in the 5th century BCE. Finds of grape seeds were made in 
the Archaic house of Dingildje and during the excavations at Koy-Krylgan-kala and Toprak-kala. The ancient authors 
report that at the time of the campaign of Alexander of Macedon, the Greeks were surprised by the abundance of 
wine in Central Asia (Arrian IV, 21, 10; Curtius Rufus VII, 4, 2).

Note 98 M. G. Vorobeva held, however, a different point of view. She believed that vineyards were later and dated to 
the Kushan period.

Note 99 Remains of wheat and barley were found in Archaic Dingildje.
Note 100 Long-term excavations at Koy-Krylgan-kala contributed to clarify the chronology of Kangju and Kushan ceramic 

complexes of Khorezm. Kangju ware was recorded in the site lower architectural horizon, dated to the 4th–3rd 
centuries BCE. The middle and upper architectural horizons represented the development of a Kushan culture from 
the 1st century CE (and, possibly, the end of the second half of the 1st century BCE to the late 3rd–4th centuries 
CE). A special type of light slipped ceramics, connected with the appearance of new people in the oasis, was also 
found (Tolstov and Vaynberg 1967:19–20, 102, 310).

Note 101 On the problem of Kangju see p. 213.
Note 102 Remains of sites in the basin of ancient Kelteminar with a predominance of pottery are: 1) Kangju, poisk 3, 

22, 52, 64–65, 239, 268, 335, 340, 523–525, 416; 2) Kushan, poisk 11, 21, 26, 36, 65, 67, 78, 81, 85–86, 88, 
92, 95, 105–106, 116, 162–163, 171–172, 175 (202), 204, 236, 249, 252, 258, 261, 277, 284, 298, 307, 
309, 311–312, 331, 335–336, 338–339, 533 (about the poisk 36, 252; 335, 339, 525 see Vorobeva 1961:165– 
166).
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Note 103 Ya. G. Gulyamov also dated the construction of this canal to the 4th–3rd centuries BCE (Gulyamov 1957:81).
Note 104 Sites around Djanbas-kala with a predominance of pottery are: 1) Archaic, poisk 16, 319, 594, 1229, 1238; 

2) Kangju, poisk 597–598, 609–611, 631, 641, 643, 645, 1222, 1227, 1230–1232 (for the poisk  643 see also 
Vorobeva 1961:167); 3) Kushan, poisk 320–321, 534, 600–601, 611, 616, 619–620, 1240; 4) finds of Medieval 
ceramics of the 9th–10th centuries in poisk 323–324, 544, 597).

Note 105 Approximately the same number (4,000–5,000 people) characterized the population of Artemita (Karastel) 
neighbors  in Mesopotamia, where, along the 25 km long main canal, R. McC. Adams discovered the ruins of five 
Seleucid-Parthian villages and one urban center (see Adams 1965:61–62, fig. 4).

Note 106 Considering the average size of a cross-section of the Djanbas-kala canal as 30 m2, we can easily calculate the 
general volume of excavated soil in 700,000–800,000 m3. To carry out this works, the labor of 5,000 diggers was 
required for 6 weeks with a rate of 3 m3 per person per day. For the canal seasonal cleaning at least 2,000–3,000 
diggers were probably employed every year.

Note 107 Remains of millet, wheat, peach, grape and oleaster were found in the middle and upper Kushan layers of 
Koy-Krylgan-kala (Tolstov and Vaynberg 1967:51, 54, 56, 64, 69, 74, etc.).

Note 108 Irrigation ditches.
Note 109 Remains of sites with predominance of pottery in the Dingildje ‘oasis’: 1) Kangju, poisk 148, 1593–1596 (?); 

2) Kushan, poisk 152, 158–159, 193, 197, 212, 215, 220, 1570–1571, 1574–1575, 1578, 1590–1591.
Note 110 Remains of sites with predominance of pottery along the Kyrk-Kyz canal (from Guldursun to Big-Kyrk-Kyz): 1) 

Archaic, poisk 724–726, 731, 767, 775, 867, 876; 882, 889, 892, 914, 939, 940, 944–947, 951; 2) Kangju, poisk 
727, 768, 773, 796, 824, 827–828, 841, 846, 852, 854, 872, 876, 884, 887b, 915, 930, 955, 965, 970–972, 
974, 975, 978, 980–984, 989, 991, 996, 1320, 1322–1323 (see also Tolstov 1948a:134; Nerazik 1966:9); 3) 
Kushan, poisk 734, 769–773, 778–779, 783, 790–791, 793–795, 801, 804, 813, 820, 829–830, 861, 868, 914, 
934, 952, 954, 961–962, 964a, 971, 983–985, 1321, 1329 (see also Nerazik 1966:10; Vorobeva 1961:150–151); 
poisk 790–791.

Note 111 Remains of sites with predominance of pottery along the Kyrk-Kyz canal (between the Big-Kyrk-Kyz and 
Kurgashin-kala): 1) Kangju, poisk 1284, 1294 (?), 1296, 1302–1303, 1305–1306, 1310, 1312, 1314, 1316, 1330 
(?), 1334–1338; 2) Kushan, poisk 1283, 1287, 1304, 1319, 1329, 1332, 1340, 1345. Note 112 Remains of sites 
with predominance of pottery: 1) Archaic, poisk 749, 754, 757–758, 762, 857, 1058, 1074, 1084, 1091, 1093, 
1097, 1368, 1447; 2) Kangju, poisk 756, 1082, 1084; 3) Kushan, poisk 751–754, 768, 1060, 1065, 1082, 1086; 
4) Kushan-Afrigid, poisk 759, 918, 1058, 1062, 1064–1065, 1067, 1071, 1083, 1444; 5) Afrigid, poisk 736, 738, 
739, 741, 743, 745, 750, 760, 764, 766, 858, 902, 906, 917, 919, 1061, 1071, 1088, 1092.

Note 113 Remains of sites with predominance of pottery: 1) Archaic, poisk 1011, 1021–1022, 1027, 1032–1033, 
1076–1077, 1110, 1113, 1161, 1362, 1393, 1525, 1545; 2) Kangju, poisk 1024, 1028, 1031, 1099, 1169, 1361, 
1524; 3) Kushan, poisk 1052, 1114, 1192, 1194, 1379).

Note 114 Ceramic clusters and sites in the environs of Toprak-kala with predominance of pottery: 1) Archaic, poisk 
1370–1374, 1443, 1512; 2) Kangju, poisk 1438; 3) Kushan, poisk 1397, 1399, 1437, 1462, 1464, 1478; 4) 
Kushan-Afrigid, poisk 1355–1356, 1400, 1404 (?), 1409(?), 1410–1415, 1422, 1471–1472, 1474, 1479, 1483; 
5) Afrigid, poisk 1370, 1406, 1463, 1467, 1475, 1485, 1493).

Note 115 According to a preliminary definition by B. I. Vaynberg, the coins found are dated as follows: poisk 1355, two 
coins of the beginning of the 4th century; poisk 1356, one coin of the 4th century; poisk 1370, one coin of the 7th 
century; poisk 1399, one coin of the end of the 3rd century, one coin of the beginning of the 4th century, one coin 
of the 5th century, one coin of the 8th century; poisk 1410, two coins of the beginning of the 4th century, one coin 
of the 8th century; poisk 1411, one coin of the end of the 3rd century, two coins of the beginning of the 4th century, 
one coin of the 4th–5th centuries; poisk 1414, 10 coins of the end of the 3rd century, one coin of the 4th century, 
one coin of the 5th century; poisk 1462, one coin of the end of the 3rd century; poisk 1463, two coins of the 7th 
century (?); poisk 1464, one coin of the end of the 3rd century, one coin of the 8th century; poisk 1467, one coin 
of the 7th–8th century; poisk 1471, one coin of the 4th–5th centuries; poisk 1472, one coin of the end of the 3rd 
century, two coins of the beginning of the 4th century, one coin of the 4–5th century, one coin between the 4th and 
the 5th century, one coin of the 5th century, one coin of the 8th century; poisk 1476, one coin of the beginning of 
the 4th century, one coin of the 4th century, one coin of the 8th century; poisk 1478, eight coins of the end of the 
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3rd century, one coin of the early 4th century; poisk 1479, one coin of the 4th–5th centuries; poisk 1482, one coin 
of the 4th–5th centuries; poisk 1483, one coin of the 5th century.

Note 116 Ceramic clusters and sites with predominance of pottery: 1) Archaic, poisk 1121; 2) Kushan, poisk 1434–1435; 
3) Kushan-Afrigid, poisk 1116, 1118, 1423–424, 1426, 1428).

Note 117 Ceramic clusters and sites with predominance of pottery: 1) Archaic, poisk 1107, 1108 (Tash-Kyrman), 1554, 
1555; 2) Kangju, poisk 1108; 3) Kushan, poisk 1551–1553.

Note 118 Traces of ancient irrigation systems were not preserved in the contemporary cultivated zone adjacent to the 
Amudarya. Therefore it is quite difficult to answer the question of when the major irrigation systems headworks 
were moved on the main riverbed. According to S. P. Tolstov, it occurred in the Kangju period on the right bank of 
the Amudarya and in the Kushan period on the left bank (see Tolstov and Andrianov 1957:9–10).

Note 119 The term saka in modern Khorezm refers to water-intake place.
Note 120 Ceramic clusters and sites in the Kelteminar basin with pottery predominance: 1) Kushan-Afrigid, poisk 

86, 92, 166, 236, 243, 245, 246; 2) Afrigid, poisk 30, 77, 79, 86, 93, 108, 168, 201, 208, 212, 236, 239, 242, 
244, 300).

Note 121 Ceramic clusters and sites with pottery predominance: 1) Kushan-Afrigid, poisk 139, 182, 202, 298, 1556, 
1572; 2) Afrigid, poisk 140, 179–184, 186–190, 192, 198, 208–210, 1559, 1572, 1573, 1587, 1589).

Note 122 Ceramic clusters and sites with pottery predominance : 1) Kushan-Afrigid, poisk 730, 772, 780, 788, 829, 
845, 849, 953, 993; 2) Afrigid, poisk 722, 726, 776, 777, 781–783, 785–787, 802, 805, 807, 811, 820, 823, 
824, 826, 830, 836–838, 841–843, 845, 847, 848, 851, 865, 866, 873, 877, 878, 881, 887a, 891, 911, 913, 
935, 952, 964b, 968, 979, 995.

Note 123 On dating of the Afrigid farmsteads see Nerazik 1966:35–43.
Note 124 The people of Khorezm played a prominent role in the anti-Arab movement of the ‘people in white’, i.e.  

Abu Muslim and his followers: Ishaq al-Turk, al-Muqanna, Rāfi (Bartold 1963, Tom I:252–258; Gulyamov 
1957:123).

Note 125 Ceramic clusters and sites of the Afrigid-Samanid period in the environs of Narindjan: poisk 746, 748, 899, 921.
Note 126 Poisk 1012, 1051, 1102, 1149, 1152, 1163, 1457, 1539, 1540.
Note 127 The term rustak (or rotastak, see p. 149) occurs in Iranian sources of the 7th–9th centuries and describes a group 

of villages (volost, according to V. V. Bartold) united by a single source of irrigation; the term rustak was mentioned 
by Medieval geographers describing the canals in the environs of Nishapur, Merv and Balkh (see MITT 1939:171, 
173, 216ff.; Bartold 1963, Tom I:119:note 5).

Note 128 Ya. G. Gulyamov expressed doubts about the true width of the canal: 5 cubits, i.e. 2.5–3 m between banks 
(Gulyamov 1957:126). Perhaps, this figure possibly referred to the lower reaches, where indeed real canal 
dimensions were found.

Note 129 Ya. G. Gulyamov disagreed with Istakhri, who interpreted the name of ‘Gaukhore’ as ‘cows’ forage’ (MITT 
1939:179; Bartold 1963, Tom I:199; 1965:164–165). Perhaps Istakhri was right because it was an ancient name. 
In the Avesta language GAV (GAV-) meant ‘cow’ (Sokolov 1964).Editor 93 The farmers in the Avesta were designated 
as ‘supplying cows with forage’ (see p. 154). It was also possible to call the canal ‘cows’ forage’. Beykhaki stated 
that in 1034 CE Harun al-Rashid gave the Seljuks ‘pastures and the best places in Mash Rabat, Shurakhan and 
Gaukhore’ (MITT 1939:305).

Note 130 Ceramic clusters and sites of the 12th–early 13th centuries with predominance of pottery: poisk 1010, 1012, 
1016, 1018, 1039, 1045, 1047, 1079, 1105, 1106, 1124, 1141, 1142, 1144, 1146, 1147, 1149, 1152, 1153, 
1160, 1162, 1165, 1186, 1384–1385, 1455, 1532, 1538.

Note 131 There is no demographic data describing family size and number of inhabitants in rural Medieval farms. As 
a very remote analogy, data from old Tashkent can be used for comparison, where in the 1920s researchers found 
that 75% of all houses had one room: with an average of 3.6–5 people living there (VIR 1925, no. 6:91–97). V.A. 
Shishkin suggested that the population density in the city environs of the Varakhsha site (6th–7th centuries) was 
200 per 1 km2 (Shishkin 1963:34). In the 1930s, in the most cultivated areas of the Khorezm oasis, the population 
density reached 80–100 or even 200 people per 1 km2 (MRSA 1926, Kn. 2, Ch. 2:39). At present, some oases 
of Uzbekistan have a population density of up to 270 people per 1 km2 (Uzbekistan. Ekonomiko-geograficheskaya 
kharakteristika, Tashkent 1950:67).Editor 94
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Note 132 Also W. Willcocks, who revealed a decrease from 50 to 5–10 m in Mesopotamia, remarked on the huge cross 
section difference between ancient and later canals (Willcocks 1903:13).

Note 133 According to V. V. Tsinzerling, the coefficient of irrigated area in the Khiva oasis at the beginning of the 
20th century was approximately 30%, which provided the necessary drainage for irrigated fields (Tsinzerling 
1927:248–263).

Note 134 In Northern India be-gar means forced unpaid labor, an act of work conscription, etc. (see Platts 1884, published 
in USSR in 1959; see also the Greek-English Lexicon by Liddell et al. 1846).Editor 95 In there, information on social 
labor conscriptions in Ptolemaic Egypt is provided (Taubenschlag 1955:618) (see also pp. 117–118).

Note 135 The development of irrigation and the expansion of irrigated areas in the 9th–11th centuries was observed 
in a number of oases of Central Asia: Dahistan, Ahal, Merv and Bukhara and also in Bactria-Tokharistan in the 
Upper Amudarya (see Bartold 1965:124, 128, 138, 187; Mandelshtam 1964:28; Gulyamov 1957:125–158).

Note 136 A Bronze Age site (poisk 437) with Tazabagyab (?) ceramics was discovered in 1954 on the bank of the Daudan, 
south of the ruins of Kalalygyr II.

Note 137 The image of the bull, which personifies the power of fertility, was linked with the cult of water not only in 
Central Asia, but also in India, Near East and the Mediterranean area. The most ancient evidence of this cult can 
probably be seen in a wall painting, dated to the 6th millennium BCE at Eastern Çatal Hüyük, depicting a bull on 
water (see Mellaart 1965b).

Note 138 S. P. Tolstov connected some religious sites on the left bank of the Khorezm, as Djumart-Kassab on the 
Mazlumkhanslu and the cemetery at Djumurtau, with the traditions of the first Avesta man (‘man-bull’ according to 
K. V. Trever): Gayomart or Gayumars living in Airyana Vaējah on the banks of the Dāitya River (Tolstov 1948b:87).

Note 139 Poisk where ‘barbaric’ rough ceramics were found: 13 (at a depth of 40 cm in a test trench), 53, 55, 82, 124, 
126, 175.

Note 140 Remains of settlements and large pottery clusters with predominance of Archaic ceramic: poisk 1–2, 11 (24 
September 1952); poisk 6–7 (25 September 1952); poisk 12–13, 17, 31–32, 35, 38, 51, 81, 84, 88–89, 112, 126a, 
129–131, 173, 179, 185–187, 190, 424, 431, 435, 752, 753, 775 (1953 year).

Note 141 Ceramic clusters and site remains with predominance of pottery: 1) Antique (?), poisk 289, 410–411; 2) 
Archaic, poisk 198, 228, 258, 259, 270–271, 281, 412, 413, 417; 3) Archaic and early Kangju, poisk 572, 576, 
579; 4) Kangju, poisk 288, 577; 5) Kushan and Kushan-Afrigid, poisk 414; 6) early Medieval, poisk 415–417a,  
420. 

Note 142 Comparing late Archaic ceramics from a house in Dingildje with early Kangju ceramics found in basement 
walls at Kalalygyr-kala I, M. G. Vorobeva divided them by half century periods, between the mid-5th and the end 
of the 5th or the beginning of the 4th centuries BCE (Vorobeva 1959a:78, 1959b:78).

Note 143 The 1964 aerial photographic coverage by N. I. Igonin and the aerial observations of the same year revealed 
places where the canal and dam coincided. It raises the question of the dam dating to the Archaic period, based 
on field work of 1953 (Tolstov and Kes 1960:185).

Note 144 Yu. A. Rapoport and M. S. Lapirov-Skoblo, in their article on the excavations at Kalalygyr-kala I, wrote that the 
basement walls and the palatial building were erected between the 5th and 4th centuries BCE (the radiocarbon 
analysis dates to 380±120 years BCE). After a very short abandonment the palace was inhabited at the very 
beginning of the Kangju period. Its use ended after a fire in the Kangju period. Later, in the 2nd–4th centuries CE, 
it was used just as an ossuary burial (Rapoport and Lapirov-Skoblo 1963:141–150).

Note 145 Remains of head works of different types of the 1st millennium BCE discovered in Khorezm are essential for 
the history of irrigation technology. Such material is absent in R. J. Forbes. Water regulating devices of the Sassanid 
period on the Nahrwan canals are known from measurements and publications by R. McC. Adams (1965:80, 
Figures 17–18). Plans of Medieval canal head parts in the environs of Samarra were published by Ahmed Sousa 
(1948:scheme 2a–b, 5, 25, etc.). Rashid al-Din wrote letters on the construction of heads and main canals on the 
Tigris (1247–1318) accompanied by a schematic plan (Petrushevskiy 1960:120–121, figs. 1–2). A section in Ya. 
G. Gulyamov’s book includes a description of head works on freshet canals of Khorezm in modern time (Gulyamov 
1957:239–242).

Note 146 The Khorezm Expedition in this region and their detailed archaeological-topographic and geomorphologic 
work (Andrianov 1958b) dispelled the geographers’ doubts about the Chermen-yab canal, which they regarded as 
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a natural riverbed (Murzaev 1940:109–110, etc.). Debating with S. P. Tolstov over the large sizes of ancient canals, 
E. M. Murzaev stated that, at that time, the people of Khorezm used former riverbeds as canals. As mentioned 
above, the historical stages of irrigation on adapted and embanked riverbeds in Khorezm was dated to Prehistory.

Note 147 Remains of sites with predominance of pottery in the environs of Gyaur-kala I and II: 1) Kangju, poisk 8 (3 
October 1952); poisk 55(?), 108–109(?) [09 August 1953 (?)]; 2) Kushan, poisk 7, 10, 12–14, 17, 20 (3 October 
1952); poisk 100–101 (7 August 1953) (see also Vorobeva 1961:163; Andrianov 1958b:319–320). Note 148 
Ceramic clusters and site remains with predominance of pottery in the environs of Shakh-Senem: 1) Kangju, poisk 
29 (21 September 1952), 8 (26 September 1952); 2) Kushan, poisk 6–7, 27–28, 33–35, 38–46 (21 September 
1952); 56; I, 3 October 1952 (also poisk 47, 1953); poisk 14–15, 23 (?), 25, 42–42a, 44–46 (1953; see Vorobeva 
1961:63, poisk 46). 

Note 149 Ceramic clusters and site remains of sites with predominance of pottery in the environs of Kunya-Uaz: 1) 
Kangju, poisk 7, 9, 14 (8 October 1952); poisk 195–196, 201 (1953); 2) Kushan, poisk 4, 8 (8 October 1953), poisk 
196, 200, 242, 247, 254 (?), 256 (?) (1953); 3) Kushan-Afrigid, poisk 226, 251; 4) Afrigid-Samanid, poisk 227, 260; 
5) Khorezmshah, poisk 10, 12 (8 October 1952); poisk 224–246, 251a, 259, 261, 266 (1953); 6) Golden Horde 
period, poisk 1, 5, 11 (8 October 1952), poisk 268, 273 (1953).   

Note 150 Archaeological work in the ancient Bukhara oasis, in Termez, in Samarkand, in the valleys of the Kashkadarya 
and Fergana provided much evidence of the significant expansion of irrigated areas, and the increase of cultural 
and economic standard of life in farming populations during the Kushan period (ITN 1963:369; Staviskiy 1961a; 
Shishkin 1963:229; etc.).

Note 151 The crisis in these oases in the 4th–5th centuries was noted by archaeologists in many places of Central Asia (see 
Masson 1945:5–6; Dyakonov 1953:292;  Albaum  1955:70;  Shishkin  1963:230;  Masson  1968:100; etc.).Editor 96  
Even in the ‘heart’ of the Sassanid state in Mesopotamia (the Diyala Basin), archaeological work revealed, for this 
period, certain features of an irrigation crisis and the reduction in rural population (see Adams  1965:73–75).

Note 152 Sherds of Kushan-Afrigid ceramics were found at the following poisk 226, 251, 285 (?), 286, 414, 558, 578, 
640, 670, 957).

Note 153 Among the recent work devoted to the Khorezmshah state, the book by H. Horst (1964) should be mentioned.
Note 154 Sites with predominance of Khorezmshah pottery: poisk 3–4, 13–14, 16–17, 24–25, 32, 37, 47–50 (21 

September 1952), poisk 51–55, 57–61 (22 September 1952), poisk 19, 42a, 43 (year 1953).
Note 155 See poisk 23–24, 27–28, 31–32, 39, 42, 45–46 (7 October 1952) and poisk 128, 132–133, 135–138, 141–142, 

144, 147, 150–151, 153–154, 160–162, 165, 168, 170, 407–408 (1953).
Note 156 Sites with predominance of pottery: 1) Afrigid, poisk 693, 699, 703; 2) Afrigid-Samanid, poisk 694, 969, 704, 

713, 721, 772; 3) Khorezmshah, poisk 689–690, 700, 706, 707–709, 714, 716, 717, 722–725, 727–729, 734, 
738, 746–747, 755, 767 (see also Vishnevskaya 1963:54–58).

Note 157 At the beginning of the 20th century, cleaning the small irrigation network (‘inner kazu’) took 1.5 more days 
than the main canals cleaning (see Smirnov 1933). In the 12th century, an irrigation network was rarer and we 
conditionally accepted a rate of 1:1.

Note 158 Participating in the 1959 work on the left bank of the archaeological-topographic unit, O. A. Vishnevskaya 
carried out a survey of the environs of Zamakhshar and Daudan-kala, but, as evident from the publication, the 
materials were not characterized for their quantity (see Vishnevskaya 1963).

Note 159 Such methods are widely used by geographers to determine the size of inhabitants and different populations (see 
Bruk 1958). Historians and archaeologists, reconstructing the number of inhabitants of ancient settlements, often 
apply analogy (in particular when comparing with contemporary data). It was by means of extrapolation (applying 
to the ancient city the contemporary urban population average in the Upper Diyala region), that R. McC. Adams 
provided the numbers of the inhabitants for all the ancient cities in the Diyala basin (Adams 1965:21–29, 112–116).

Note 160 V. V. Tsinzerling reported that in the Amudarya area there were 2.4 people for each dessiatine (1.0925 ha), 
in Egypt 3.8 and in China 13 (Tsinzerling 1927:213).

Note 161 R. McC. Adams noted that during this period the entire population of the Diyala Basin in Mesopotamia showed 
a sharp decline (Adams 1965:25, 106–110, 115).

Note 162 The laws of Manu, for example, say: “The king, who wants to conquer his enemies, must first destroy the dams 
on their territories” (see ICBIP 1965:34).
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Note 163 Correctly noting that, as a result of the Mongol invasion, the Amudarya watered the Sarykamysh depression, 
Ya. G. Gulyamov, following V. V. Bartold, connected the formation of the new Daryalyk riverbed with this breakout 
(Bartold 1965:172; Gulyamov 1957:166). This is not supported by any archaeological or geomorphological research 
in this region (Tolstov and Kes 1960:192–196; Andrianov 1959b:182).

Note 164 Very characteristic of the Khorezmshah period was, for example, a huge public building near Yarbekir- 
kala (a caravanserai with 750 rooms) which was not completed because of the Mongol invasion (Vishnevskaya 
1963:68–72). Remains of sites with predominance of Khorezmshah pottery were found at poisk 287, 298, 303, 
311, 564, 633, 895; poisk with predominance of Golden Horde pottery: 4, 5, 275, 277, 282, 288, 293–294, 
305–306, 539, 553–555, 563, 567, 571, 582–583, 594, 597, 598–600, 605, 610, 612, 621, 625, 627– 628, 
630–632, 635, 636, 644. 

Note 165 Sites with predominance of pottery: 1) Khorezmshah, poisk 346, 792, 796–799, 803–805, 808–815, 833, 
838–840, 847, 860, 898, 900, 903, 924–925, 944; 2) Golden Horde, poisk 318, 326, 330–334, 341–342, 345, 
349, 359(?), 368, 371–372, 375–376, 779, 781–784, 786–788, 793, 795, 800–802, 821–822, 824, 826, 
829–830, 835, 837, 842–845, 848–849, 851–855, 863, 867–868, 872, 877–879, 883, 885, 887–889, 891, 893, 
894, 906–907, 909–911, 913, 915–922, 931–934, 942, 947, 951–953, 957, 959, 961–964, 967).

Note 166 Describing the irrigation around the Turkmen lake in the 19th century, Yu. E. Bregel (1961:61:note 56) 
rightly noted that this issue was still little studied. However, one can hardly agree with the author who, following 
P. F. Preobrajenskiy, dated the beginning of lake farming by the Turkmen-Yomut to the mid-19th century. The 
Sarykamysh systems, and also Ya. G. Gulyamov’s data (1957:60–61) on the wheat ‘lake’ crops under the Ustyurt 
(‘Kuygun’) in the 16th century, are proofs of the antiquity of such irrigation methods by the Turkmen. Also the 19th 
century Turkmen’s tradition of irrigation, originating from the Syrdarya in the historical period, contrast with Yu. 
E. Bregel’s deductions (see pp. 230–231).

Note 167 These dimensions were typical of Medieval main canals also in other Eastern countries, in particular in India, 
where, under the Mongols, they built the Kalsi canal, 177 km long and 9 m wide (see ICBIP 1965:42).

Note 168 The investigation of the Khorezm Expedition revealed vast territories with traces of chigir installations, which  
indicated  a  massive  introduction  of  this  system  (Andrianov 1958b:325; Tolstov 1958:109).Editor 97 N. N. 
Vakturskaya rightly linked the expansion of the massive ceramic production in the 9th–11th centuries with the 
spread of chigir irrigation and the increased need for chigir jars (Vakturskaya 1959:26).

Note 169 The principle of rotation in the construction of water-lifting devices was known in the ancient Orient at the 
beginning of the 1st millennium (Forbes 1955, Vol. II:39). The most extensively widespread water-lifting devices, 
such as the chigir, originated in Central Asia and in the Near East only at the end of the 1st millennium (in the 
feudal period). The transition from the shaduf (Egypt, Mesopotamia), rati, denoli (India), nova (Central Asia), sepma 
(Khorezm), to more complicated devices such as the cêrd (Mesopotamia and Egypt), khurusu (India) and finally 
the ‘Persian wheel’ (Iran), charkha, sakiya (Mesopotamia) and chigir (Central Asia) was an important stage in the 
development of irrigation techniques (Gulyamov 1957:251–253).

Note 170 It is noteworthy that, in the 19th century, an increment of irrigated lands occurred in some other areas, such 
as in the Diyala Basin in Mesopotamia (see Adams 1965:116).

Note 171 In his detailed study of the Shahnameh historical geography, G. V. Ptitsyn concluded that the Kanga country 
was situated in the Middle Syrdarya (see Ptitsyn 1947; Klyashtornyy 1964:165–166). It is possible to agree with 
Ptitsyn’s deduction about the Shahnameh’s geographical reality. But, how to explain the absence of Khorezm from 
the list including Chach, Sogdiana, Samarkand, Bukhara, Sepidjab, and, finally, Kang, i.e. Afrasiab’s main territory 
(Firdausi 1960:153)? Apparently, in this period, which saw the emergence of the mighty Kangju state, the Khorezm 
oasis was part of Kang (compare with Tolstov 1948b:145ff.).

Note 172 See also V. V. Bartold (1963, Tom II, Chast 1:175–176), G. V. Ptitsyn (1947), Ya. G. Gulyamov (1957:97–98), S. 
G. Klyashtornyy (1964:167–179). The last attempt to geographically identify the Kanga of Tarban (Turaband, Turar, 
Otrar) and the Kanga of Firdausi with the Kangkha in the Avesta cannot be considered successful. Archaeological 
investigation have not confirmed the early dating advanced by E. I. Ageeva for the Otrar oasis sites, based in turn 
on the inaccurate dates of the Kaunchi and Djety-asar cultures (see Levina 1967:15).

Note 173 After the neglect of Koy-Krylgan-kala, there appeared a peculiar hand-made, light-slipped ware with typical 
pottery features of steppe tribes. Such ceramics were found in other sites on the right bank of the Khorezm  together 
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with traditional wheel-made Khorezmian ceramics of the Kushan period; the light-slipped ware was not found on 
the left bank of the Khorezm (Tolstov and Vaynberg 1967:130–131, 310–311).

Note 174 The toponymic evidence for the historical shift from Kangkha to Kanga to Kangju could be identified by S. P. 
Tolstov west of Khorezm with Kangadarya and Kangagyr (with the fortress dated from the mid-1st millennium 
BCE to the 4th century CE) and east of the Early Medieval city of Otrar-Kangu Tarban (see Tolstov 1958:72–73; 
Klyashtornyy 1964:155–160).

Note 175 According to G. V. Lopatin, the average content of suspended material in the Syrdarya is 1 kg/m3 while in the 
Amudarya it is 2.7 kg/m3 (Lopatin 1952:162).

Note 176 Judging by the results of the desk study of archaeological finds from the Inkardarya unit in 1959, headed 
by L. M. Levina, different sites and funerary structures (‘slag kurgans’) of the same culture were widespread on a 
huge territory: from Sengir-Tam (the largest among the ‘slag kurgans’) in the west to the fortress of Kum-kala on 
the Janydarya in the east. The distance between these two sites is about 80 km.

Note 177 During the 1966 exploration on the Syrdarya further archaeological surface material was collected from 
Sites 14, 20 and 21. L. M. Levina, analyzing them, confirmed the sites chronology near the ‘slag kurgans’ to the 
6th–4th centuries BCE.

Note 178 Semi-dams, or kysme-saga, were used to regulate natural channels in the delta of the Amudarya. N. N. Belyavskiy 
described the Karakalpaks’ construction of a semi-dam at the mouth of the Shortanbay. Above the channel outfall, 
thick ropes made of cane were fixed to stacks, on which cane and brushwood were positioned and additionally 
covered with earth, finally all the structure was in the water. By mean of this immersion, the semi-dams increased 
their top. When it reached the high water level, the rope ends were tightly fixed. If the channel was narrow, then 
a closed dam was built and covered with river sediments (Belyavskiy 1887:126).

Note 179 Poisk 217–223, 225–228, 231–238, 240–242, 244–245, 247–255, 257, 259–264, 267, 269, 272–276, 278, 
280, 290, 292, 295, 298–300, 303, 305, 308, 310–311, 313–314, 317–330, 333–337, 339–366, 368–373, 383, 
385, 389, 391–393, 395, 397, 399, 400, 403, 419–421, 423–426, 428, 434, 441.

Note 180 The name derives from the post-Mongol Medieval period: from the mongol word Tsirik (‘army’) – Chirik (Shirik 
in Kazak) (Tolstov 1961a:121). The fortified citadel characterized by a complex of kurgans appeared no later than 
the second half of the 5th century and existed till the mid-2nd century BCE (Tolstov 1961a:122; 1962a:139).

Note 181 The vertical aerial photography of different sectors of the Djety-asar district was carried out in 1960–1961 
by engineer-geodesist N. I. Igonin.

Note 182 The use of natural obstacles in deltaic regions, like ancient riverbeds, large river meanders, lake-shaped 
depressions and other water bodies, useful for defense, was widely spread in the ancient Orient. This is supported 
in topographic details of large fortified settlements of the Late Bronze Age, studied by W. J. van Liere in Syria, with 
vertical aerial photography. These sites, according to published maps, for their environs layout and topography 
closely resemble the Djety-asar district citadels. They are located on lateral deltaic branches, near large meanders 
in areas of branch confluences. They do not have true outer walls with round contours but have instead round 
platforms with massive central residential compounds (see Van Liere 1963).

Note 183 Poisk 3, 4, 4a–6, 8, 11, 13, 15, 20–25.
Note 184 It is possible that for the construction of this irrigation system, methods of the Khorezmian irrigators were 

used. In that period, cultural links between the inhabitants of Barak-tam and the Khorezm were consistent (see 
Tolstov 1959a:32).

Note 185 Idrisi wrote about the confluence of the Janydarya with the eastern branches of the Amudarya 10 miles from 
the Aral Sea (see MITT 1939:220).

Note 186 In the pottery of Kesken-Kuyuk-kala three jointed and coeval complexes of the 7th–9th centuries CE can be 
discerned. A proper Djety-asar complex (third phase), a Semireche one assimilated by the Djety-asar bearers, and 
partially an Afrigid complex (Levina 1967:9).

Note 187 Thus, in the manuscript found by A. G. Tumanskiy (Hudud al-Alam) it says: “the Oghuz do not have any towns, 
but the people, living in yurts, are rather numerous” (see MITT 1939:209–217).

Note 188 Sites on the Lower Janydarya with predominance of pottery: 12th–14th century CE, poisk 40, 48, 50, 52, 67, 
70, 78–81, 102, 119–121 (Beshtam-kala), 124–126, 134, 136, 164, 166–168, 175–177, 181, 212–215, 486, 
491–497, 500–501, 507; 15th–18th century CE, poisk 182–184, 187–189, 193–197.
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Note 189 S. P. Tolstov, rather convincingly demonstrated that the Sag-Dare site, mentioned in a collection of documents 
of the 12th century (insha), located on a river at 20 farsakh (120 km) from Djend, fits with the the settlement ruins 
of the 12th century within the citadel of Chirik Rabat (see Tolstov 1948b:61).

Note 190 Poisk 12, 15–17, 26, 34 (1960); poisk 3, 6, 13, 16, 20, 21, 23, 31, 33, 52 (1961); poisk 2–5 (1962), poisk 3–7 
(7 October 1962); poisk 8–10 (8 October 1962); poisk 13–14 (9 October 1962).

Note 191 Poisk 8, 12, 15–17, 26, 34 (November 1960); poisk 3–4, 13, 16, 20–21, 23, 31, 33 (1961); poisk 2–5 (1962).
Note 192 We noted such an original system with connected basins on the abandoned 19th century Turkmen settlements 

(see Figure 50).
Note 193 See also Andrianov 1960, 1964.
Note 194 Poisk of 1956: 28–37, 39, 41–47, 49, 51, 54, 55, 57–66, 71–74, 76–77, 82–99, 105–106, 108, 111–112, 114; 

poisk of 1957: 116, 118, 122–123, 131, 133, 138–152, 154–158, 163, 169, 170–173, 179, 180, 183, 200–208, 
210–211: poisk of 1958: 374–379, 405–410, 444–447, 470, 472, 475, 504–506, 509–512, 515–516; poisk of 
1961: Djany-kala, poisk 51, 54–69, Buzuk-kala, Khatyn I, II, III.

Note 195 Some similarity to Syrdarya irrigation can be found in India, where silted channels – dunds (dry channels within 
the limits of a river valley flooded during freshets) – and overflows – seylseb – are used (Ostrovskiy 1907:15–41; 
ICBIP 1965:23–42). On these dunds there were large canals, up to 80–180 km long and 10 m wide. 

Note 196 The cleaning of networks and the reconstruction of distributing water structures took place only when water in 
the river was low, i.e. between November and the beginning of the following March (optimal for this operation was 
February – March) (MRSA 1926, Kn. 2, Ch. 2:15). I.M. Dyakonov suggests that in Babylonia in the 2nd millennium 
BCE, labor conscription for each community, or even for each adult men, was two or more months (see Dyakonov 
1968:144–146).

Note 197 It is possible that especially in this consisted the economic condition (premise) of the conquering Khiva rulers 
at the beginning of the 19th century against the Karakalpaks. The latter were displaced from their own lands on 
the Janydarya to the lower Amudarya. In the 19th century, they had heavy duties to set up new agricultural lands 
and for cleaning the most important main canals of the central and Western Khanates (see Gulyamov 1949; 
1957:212–235; Andrianov 1958a; Kamalov 1958:144–146).

Note 198 For example, at the time of the Greek-Macedonian expansion in the East, according to N. Pigulevskaya “the 
conquerors had large masses of prisoners, turned into slaves. They were used, always in a compulsory way, also for 
building and irrigation works” (Pigulevskaya 1956: 22). Editor 98  According to a personal communication of V. A. 
Livshits, this possibility seems to be reported by written Khorezmian sources: the documents from the archive of 
Toprak Kala (mid-2nd–beginning of the 3rd centuries CE), in which slaves are mentioned (Livshits 1962:35–57; 
Perikhanyan 1952:25;  ITN  1963:473–474,  568:notes  53–54).

Note 199 As the study of ancient sites and irrigation in Mesopotamia demonstrated, it is possible to recognize three main 
stages in the development of irrigation techniques. Researching the Diyala Basin, R. McC. Adams associated the first 
stage with the exploitation of riverbeds and small canals; the second with the state organization of large irrigation 
works (from the Neo-Babylonian to the Sassanid period); the third with the flourishing of irrigated agriculture 
during the Arab Caliphate (Adams 1965:112–166).

Note 200 The medieval ‘demographical jump’, i.e. the sudden growth of the rural population in Khorezm and in other 
areas of irrigated agriculture, is confirmed both by archaeological data (see Tolstov 1948a:155; 1965:25; etc.)Editor  99 
and by general estimates of demographers (see Ohlin 1965:2).

Note 201 According to estimated data, before the transition to agriculture, in the Nile Valley the tribes of Neolithic 
hunters, gatherers and fishers amounted to no more than ten thousand people. Their number increased in the 
next two millennia, with the development of irrigated agriculture, and there were 3–6 million people in the Old 
Kingdom period. The population density reached 200–400 people/1 km2. The total world population grew some 
ten times. G. Ohlin estimated that the world population in the 7th–5th millennia BCE was about 5–10 million 
people, while at the turn of our era approximately 250–350 million (see Ohlin 1965:2, 9).

Note 202 See also criticism of the hypothesis of E. Huntington in the works of K. K. Markov (1951a), G. N. Lisitsyna 
(1965:12–21), R. LeB. Bowen (1958:83), G. Caton-Thompson and E. Gardner (1939), etc.
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Editor 55 In this paragraph three of Bartold’s quotations were reported in the original book. However, they do not appear 

in the final references. For that year, two monographs by Bartold were found and added in the final references as 
‘1902a’ and ‘1902b’. However, the corresponding pages mentioned by the author could not be verified.

Editor 56 See Editor 55.
Editor 57 See Editor 55.
Editor 58 The author wrongly quoted ‘Zadykhina 1958’ instead of ‘Zadykhina 1952’.
Editor 59 The author quoted ‘Rapoport 1962’ without including this work in the final references. A work by Rapoport 

dated that year was found and is now included in the references.
Editor 60 The author wrongly quoted ‘Levshin 1862’ instead of ‘Levshin 1832’.
Editor 61 The author did not quote specific publications for ‘Fedorovich 1950’ of the two reported in the final references. 
Editor 62 See Editor 61.
Editor 63 See Editor 61.
Editor 64 The author wrongly quoted ‘Tolstov and Itina 1965’ instead of ‘Tolstov and Itina 1964’.
Editor 65 The author did not quote specific publications for ‘Vayman 1962’. The subject is treated in two of the three 

publications of that year but, according to the number of the pages, ‘b’ seems to be appropriate.
Editor 66 Here the original book contains also a second quotation, reported as ‘1964:177–178’ but without the 

corresponding author. It might refer either to a second edition of the 1st Tom of MITT, first published in 1939 and 
then possibly in 1964 (a later edition of the 2nd Tom of MITT is dated 1968), or to an unknown work.
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Editor 67 The author did not quote specific publications for ‘Tolstov 1950’ but ‘b’ seems to be most appropriate.
Editor 68 The author did not quote specific publications for ‘Tolstov 1959’: it is not ‘a’ while ‘b’ seems to be most 

appropriate.
Editor 69 The author wrongly quoted ‘Levshin 1932’ instead of ‘Levshin 1832’.
Editor 70 The name of this Stetekvich is not reported and impossible to find.
Editor 71 The author did not mention specific publications for ‘Andrianov 1959’ and ‘Andrianov 1960’. The former 

can refer both to ‘a’ and ‘b’, while for the latter ‘1960a’ seems to be most appropriate.
Editor 72 The author did not quote specific publications for ‘Tolstov 1947’ but ‘a’ seems to be most appropriate. 
Editor 73 Quotation reported as in the original. The book was edited by V. D. Blavatskiy and A. V. Nikitin (see VRZ 

1967 in the Abbreviations).
Editor 74 The author did not quote specific publications for ‘Helbaek 1964’ but both ‘a’ and ‘b’ refer to the subject.
Editor 75 The author did not quote specific publications for ‘Huntington 1908’ but all three ‘a-b-c’ refer to the subject.
Editor 76 Although the author mentioned several times I. V. Mushketov and P. A. Kropotkin, there are no bibliographic 

references concerning their work.
Editor 77 The quotation ‘Voeykov 1947’ is not included in the final references. Apparently no works by Voeykov exist 

for that year, thus it possibly refers to a later edition of ‘Voeykov 1915’.
Editor 78 Here the Author also quoted himself as ‘1969’. However, the only publication for that year is this book itself. 

According to the subject this quotation possibly refers to ‘Andrianov 1965’.
Editor 79 Here the author wrongly reported ‘100 × 200 m’ instead of ‘100–200 m’. 
Editor 80 The author wrongly quoted ‘HS, Vol. I:44a’ instead of ‘Casanova 1946:fig. 50’, which is in Vol. 2 and not in 

Vol. 1 (see also Editor 14). 
Editor 81 The author did not quote specific publications for ‘Rakhmanova 1964’ but both ‘a’ and ‘b’ refer to the subject .
Editor 82 The author did not quote specific publications for ‘Helbaek 1964’ but ‘a’ seems to be most appropriate.
Editor 83 The article published by Fowler and Evans in the same issue of Antiquity was wrongly quoted instead of that 

of Lampert.
Editor 84 The author did not quote specific publications for ‘Andrianov 1959’ but ‘a’ seems to be most appropriate. 
Editor 85 The author did not quote specific publications for ‘Andrianov 1958’ but both ‘a’ and ‘b’ refer to the subject. 
Editor 86 The author wrongly quoted ‘HAI 1910:figs. 44, 131’ instead of ‘Bennett 1946’ and ‘Casanova 1946’ (Handbook 

of American Indians, edited by F. W. Hodge). For more detail see the Plate 14.7–8.
Editor 87 The author quoted ‘Vavilov 1962’ without including this work in the final references. He probably refers to 

Vaivlov’s famous work Pyat kontinentov (Five continents), published in 1962.
Editor 88 The author quoted ‘Drower 1956:50’. This publication does not seem to exist, whereas that topic is treated by 

Drower in his article of 1954 (included in the final references), where, however, there is no ‘page 50’. As partial 
confirmation, ‘Drower 1954’ is also quoted by the author in his Conclusion.

Editor 89 The author wrongly quoted ‘Herodotus III, 158’ instead of ‘Herodotus II, 158’. 
Editor 90 The author wrongly quoted ‘Woolley 1955’ instead of ‘Woolley 1954’.
Editor 91 The author quoted ‘Ptitsyn 1911’ without including this work in the final references.
Editor 92 The author did not quote specific publications for ‘Itina 1959’ but ‘a’ seems to be most appropriate. 
Editor 93 The author wrongly quoted ‘Sokolov 1964’ instead of ‘Sokolov 1961’.
Editor 94 Quotation reported here, and not in the final references, as in the original book.
Editor 95 The author quoted ‘Liddell et al. 1843’ but, according to the Library of Congress, the first edition is dated to 

1846.
Editor 96 The author quoted ‘Albaum 1955’ without including this work in the final references. A work by Albaum 

dated to that year was found and is now included in the references.
Editor 97 The author wrongly quoted ‘Tolstov and Andrianov 1958a’ instead of ‘Andrianov 1958a’.
Editor 98 The quotation ‘Pigulevskaya 1956’ is not included in the final references. No article for that year and with 

that page number was found for this author.
Editor 99 The quotation ‘Tolstov 1965’ is incorrect since there are no publications by S. P. Tolstov dated to that year.
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Archeologické 46: 7–25. 

Kosok, P.
1965 Life, Land and Water in Ancient Peru. Long Island University, New York. 

Kramer, F. L.
1967 Eduard Hahn and the End of the “Three Stages of Man”. Geographical Review 57: 73–89.

Kroeber, A. L. 
1948 Anthropology: Race, Language, Culture, Psychology, Prehistory. Harcourt, Brace and Company, New York.

1953 Anthropology Today: an Encyclopedic Inventory. University of Chicago Press, Chicago. 

Laessøe, J. 
1953 Reflexions on Modern and Ancient Oriental Water Works. Journal of Cuneiform Studies 7 (1): 5–26.

Lamberg-Karlovsky, C. C.
1967 Archeology and Metallurgical Technology in Prehistoric Afghanistan, India and Pakistan. American 

Anthropologist 69: 145–162.

Lampert, R. J.
1967 Horticulture in the New Guinea Highlands – C14 Dating. Antiquity 41: 307–309.

Laufer, B.
1919 Sino-Iranica: Chinese Contributions to the History of Civilization in Ancient Iran, with special reference to the History 

of Cultivated Plants and Products. Field Museum of Natural History. Publication 201. Anthropological Series 
Vol. 15, No. 3. Chicago. 

Le Strange, G. 
1905 The Lands of the Eastern Caliphate: Mesopotamia, Persia and Central Asia from the Moslem conquest to the time of 

Timur. University Press, Cambridge.



387References

Lees, G. M. and N. L. Falcon 
1952 The Geographical History of the Mesopotamian Plains. The Geographical Journal 118: 24–39. 

Leser, P.
1931 Entstehung und Verbreitung des Pfluges. Aschendorffsche Verlagsbuchhandlung, Munster.

Lewis, R. A. 
1966 Early Irrigation in West Turkestan. Annals of the Association of American Geographers 56: 467–491.

Libby, W. F.
1963 Accuracy of Radiocarbon Dates. Science 140: 278–280. 

Licent, E. and P. Teilhard de Chardin  
1925 Note sur deux Instruments Agricols du Neolithique de China. L’Anthropologie 35: 63–74.

Liddell, H. G., R. Scott, F. Passow, and H. Drisler 
1846 A Greek-English Lexicon. 1st ed. Harper & brothers, New York. 

Lips, J. E.
1953 Vom Ursprung der Dinge: Eine Kulturgeschichte des Menschen. Bibliographisches Institut, Leipzig.

Lloyd, S. and Fuad Safar 
1947 Eridu: A Preliminary Communication on the First Season’s Excavation January – March 1947. Sumer: a 

Journal of Archaeology and History in Iraq 3 (2): 84–111.

1948 Eridu: A Preliminary Communication on the Second Season’s Excavation 1947–1948. Sumer: a Journal of 
Archaeology and History in Iraq 4 (2): 115–127.

Lloyd, S., Fuad Safar and R. J. Braidwood 
1945 Tell Hassuna. Excavations by the Iraq Government Directorate General of Antiquities in 1943 and 1944. 

Journal of Near Eastern Studies 4 (4): 255–289.

Lorenzo, J. L.
1961 La Revoluciòn Neolìtica en Mesoamèrica. Publicaciones Instituto Nacional de Antropología e Historia, 

Departamento de Prehistoria Vol. 11. Instituto Nacional de Antropologìa e Historia, Mexico.

Lowdermilk, W. C. and D. R. Wickes
1942 Ancient Irrigation in China Brought up to Date. The Scientific Monthly 55: 209–225. 

Mackay, D. 
1945 Ancient River Beds and Dead Cities. Antiquity 19: 135–144.

MacNeish, R. S. 
1958 Preliminary Archaeological Investigations in the Sierra de Tamaulipas, Mexico. American Philosophical Society 

Transactions, New Series Vol. 48, Pt. 6. American Philosophical Society, Philadelphia.

1965 The Origins of American Agriculture. Antiquity 39: 87–94. 

Mallon, A., R. Koeppel and N. René 
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