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Abstract

Drawing on archaeobotanical evidence from the central regions of Central Asia, we explore crop diffusion during the first
millennium ce. We present a comprehensive summary of archaeobotanical data retrieved from this region dating to this period
in order to better understand cultural drivers pushing agricultural intensification and crop diversification. We use these data
to evaluate the applicability of Watson’s concept of a Medieval Green Revolution. Despite ecological limits to cultivation of
most of Watson’s crops in much of Central Asia, some of these crops, particularly Gossypium arboretum/herbaceum (cot-
ton) and Oryza sativa (rice), are prominent in the region today. In both cases there is now good archaeobotanical evidence
showing that they were cultivated prior to the Islamic conquests in Central Asia. Moreover, the occurrence of several crops —
Solanum melongena (eggplant), Ficus carica (fig), Morus alba/nigra (mulberry), and two spices — Rhus coriaria (sumac) and
Coriandrum sativum (coriander) — have first been observed in phases dated to the 19th century ck. There is reason to believe
that elaborate irrigation systems and seasonal rotation cycles were already in place in this region prior to the development
of a centralized Arabic and Islamic government and are likely tied to urbanization in the first half of the first millennium cE.
We suggest that most of the trappings of Watson’s model were present prior to this, but, as Watson’s thesis is multifaceted
their presence alone does not nullify the model. Additionally, the ecological and cultural diversity of Central Asia means
that a proper evaluation of Watson’s model requires a regionally specific examination.
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Introduction

Over the past two decades, with growing investment in
archaeobotanical, zooarchaeological, and isotopic studies,
much of the prehistory and history of agriculture in Cen-
tral Asia has been clarified, starting with Neolithic expan-
sions into the Kopet Dag, Turkmenistan, around the end
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of the seventh millennium Bct (Harris 2010). From there,
most Central Asian experts believe that cereal crops dis-
persed north and east via an Inner Asian Mountain Cor-
ridor (Frachetti 2012; Spengler et al. 2014). Recent dis-
coveries suggest that this Neolithic expansion may have
reached Tongtian Cave in what is now Xinjiang, China,
by 3500 BCE (Zhou et al. 2020), possibly with an earlier
expansion of pastoralists into the mountains (Taylor et al.
2021). Archaeological data (Spengler et al. 2017; Chang
2018) suggest that economic shifts towards greater focus on
sedentary agriculture took place in certain areas of Central
Asia, such as the mountain foothill zones, by the late first
millennium BcE in Central Asia. Over the last decade, there
has been an explosion of interest in the timing and routes of
crop spread across Eurasia. These studies largely showcase
Central Asia as the crossroads of the ancient world, facilitat-
ing dispersal of East Asian crops westward and southwest
Asian crops eastward. Nearly all of this research has focused
on archaeological contexts that date to more than two mil-
lennia ago (Miller 1993, 1999; Spengler and Willcox 2013;
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Motuzaite Matuzeviciute et al. 2015, 2018, 2020a, b; Spen-
gler 2015; Miller et al. 2016; Spengler et al. 2016, 2018a;
Yang et al. 2020; Zhou et al. 2020); leaving the first millen-
nium ck largely unstudied. This is particularly problematic
for a holistic understanding of Central Asian history, as the
peak periods of Silk Road trade, urban development, and
imperial expansion all occurred during the first and early
second millennia ce. The data that we pool in this paper also
show that prominent dispersals of perennial crops and the
diversification of agricultural systems occurred during this
broad period. In addition, this paper makes a first attempt
at bringing the archaeobotanical data into discussions of
Watson’s thesis and first millennium cE crop diffusion of
the Old World.

Based on historical sources from across southwest Asia
and the eastern Mediterranean, Watson (1974) concluded
that the organized central authority of the late first millen-
nium cE, following the Islamic conquests or political con-
versions to Islam, resulted in an agricultural revolution. As
he was writing shortly after the peak of the (20th century)
Green Revolution, he was clearly drawing on Boserupian or
Wittfogelian ideas of demography, innovation, and politi-
cal systems as being inseparably tied to modes of produc-
tion (ideas that have been prominent in western scholarship
since Smith and Marx, and in archaeology since Childe). He
argued that a centrally controlled labour force and govern-
ment — regulated and protected commerce and trade routes,
resulted in an inflow of new crop types and varieties as well
as more intensive agrarian technologies. He envisioned
agricultural innovations spreading from the core areas of
the caliphate, across North Africa and into the lands around
the southern and eastern shores of the Mediterranean Sea.
Watson’s concept of a Medieval Green Revolution was
defined by the rise and spread of specific crops, mostly of
semi-tropical South Asian origins, into the temperate and
arid Islamic world. He recognized that some of these crops
were likely already under cultivation in these regions prior
to the Islamic conquests, but in those cases, he emphasized
that their intensity of cultivation would have been increased
after the supposed Green Revolution. His main argument
was that the intensification of farming through collective
labour projects and the expansion of arable land facilitated
greater diversity in the crops grown, fostering seasonal crop
rotations, demographic growth, greater urbanization, and
movement of merchants, soldiers, travellers, and scholars
(especially the Arab geographers) over long distances (Wat-
son 1983). However, criticism has risen around Watson’s
model, in some cases challenging outright his statements
(e.g. Johns 1984; Decker 2009; van der Veen 2011; Squatriti
2014; Amar and Lev 2017; Fuks et al. 2020).

In this study we are confronted with two more nuanced
questions: (1) can we tie any of these crop introductions to
the Islamic conquest of Central Asia; and (2) are associated
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cultural changes (demographic, political, artistic, and sci-
entific) the result of agricultural intensification or a pre-
requisite for it? While we do not expect to answer these
multifaceted questions in this modest study, we do hope to
lay the foundations for future research and hopefully encour-
age Central Asian archaeologists to engage in Big-History
debates. Indeed, current archaeological evidence suggests
that the first millennium ce witnessed economic change,
likely tied to urbanization, the introduction of new religions,
greater labour investment in irrigation, more expansive
commerce and exchange networks, and centralized politi-
cal authority. Our objectives are to explore the history of
new plant introductions and diversification in Central Asia
in the first millennium ce. We seek to trace changes in agri-
culture from cultural contexts before and after the Abbasid
Caliphate expansion into central and southern Central Asia
(completed in 751 cg). We ask whether the introduction
of Islamic political authority and Arabic legislature was a
major driving force underlying agricultural development and
crop diversification. We present archaeobotanical data from
the central regions of Central Asia recovered from 36 sites
(Fig. 1); however, since some sites reveal multiple phases of
occupation, we consider the total number of datasets for this
study to be 47 (ESM 1 and 2). In addition to archaeobotani-
cal studies, we review old archaeological and art historical
reports from the region, which mention plant remains or
artistic representations of plants.

An agricultural revolution in Central Asia?

While Central Asia was not directly part of Watson’s
model, he did note repeatedly that the innovations of the
core regions of the Islamic empires would have spread into
neighbouring regions. While considering the applicability of
Watson’s ideas in Central Asia, we first recognize that cli-
mate and local environmental factors (ESM 3), would have
been obstacles for the cultivation of South Asian crops. Wat-
son’s 18 plants (table in Fig. 1) served as measurable proxies
for agricultural intensification, because identifying intensi-
fication in the archaeological record remains challenging.
Islamic Central Asia according to Watson included Kashgar,
Turfan, Khotan, and Lop-Nor, but some of his statements
about irrigation and diffusion of plants were specific to the
areas Transoxiana and Turkestan. Additionally, the conquest
of the Caliphate into Central Asia appears to have taken
different political forms in different regions, with Persian
and Arab peoples promoting Islamic authority, but tolerat-
ing multi-ethnic and religious diversity; hence we use the
term Islamic conquests here loosely to describe the gradual
conversion to Islam and political shift to Arabic. Central
Asia is and was a culturally and environmentally diverse
region, and any model of economic development is unlikely
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Fig. 1 Sites with first millennium cE archaeobotanical data from Central Asia; inset-table with Watson’s 18 crops, marking those that are suitable

for growing in Central Asia and those recovered in the region

to be applicable for it all, so we focus on the core areas from
Fergana to the Khorezm Oasis.

Crop diversification and Watson’s 18

Watson (1974, 1983) claimed that the new administrative
systems were successful in acclimatizing several subtropical
crops to northern conditions. That said, simple biological
constraints would have made most of Watson’s 18 impos-
sible to grow in the regions we are discussing; only Gos-
sypium arboretum/herbaceum (cotton), Oryza sativa (rice),
Sorghum bicolor (sorghum), Triticum turgidum ssp. durum
(free-threshing tetraploid durum wheat), Citrullus lanatus
(watermelon), Solanum melongena (eggplant), and Spinacia
oleracea (spinach) would have been feasible to grow at this
time in this region. Based on the plant remains recovered
through flotation and dry-sieving (archaeobotanical stud-
ies) and randomly handpicked finds of plant remains during

archaeological expeditions, we elaborate on the evidence
for cultivation of these five crops in Central Asian oases.
Spinach and sorghum remain unattested, in the case of the
former likely due to preservation issues. Ultimately, testing
the model on Central Asia does not affect its applicability
in the core regions of the Caliphate, where Watson intended
the model to be used.

Triticum turgidum ssp. durum (durum wheat)

During the Neolithic in southern Central Asia, diploid and
tetraploid glume wheats were cultivated (Harris 2010; Miller
2011), but by the fifth millennium BcE, the glume wheats
were almost completely replaced by free-threshing forms of
hexaploid bread wheat, T aestivum (Miller 2011). Tetraploid
wheat rachises were reported at the Argyrzhal-2 site in Kyr-
gyzstan dating to the first half of the second millennium BCE
(Motuzaite Matuzeviciute et al. 2017). Triticum aestivum
remained prominent across Central Asia and appear to be
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the only form of wheat to spread into East Asia in antiquity.
However, at some point in the more recent past, 7. turgidum
ssp. durum spread into Central Asia and became a regular
part of the cultivation system, with specific regional forms
evolving, such as Khorezam wheat. Archaeobotanically, T.
turgidum ssp. durum remains largely invisible in Central
Asia, and it is unclear if this is a result of scholars misi-
dentifying it as 7. aestivum or due to a lack of investigation
into more recent time periods. Many urban sites lack wheat
rachises, presumably due to off-site processing of cereals,
and the rachises are essential for confident discrimination
between the two species. So far, only two likely tetraploid
wheat rachises were reported from Tashbulak (Spengler
et al. 2018b), two possible rachises from Paykend (Mir-
Makhamad et al. 2021), and one from Kok-Tosh (unpub-
lished), all from occupation layers dated to the Qarakha-
nid period. In all three cases, variations or distortions in 7.
aestivum rachises cannot be ruled out. Due to the lack of
comprehensive archaeobotanical studies in the region, we
do not have enough evidence to discuss whether T. turgidum
ssp. durum was present, introduced, or re-introduced at the
time of the Islamic conquest in Central Asia.

Oryza sativa (rice)

Rice is a prominent annual crop in Central Asia today, being
cultivated in Uzbekistan, southeastern Kazakhstan (Spen-
gler et al. 2021b), the southwestern corner of Kyrgyzstan
(Uzgen district), and northwestern Tajikistan (Panjakent dis-
trict). Currently, the earliest archaeobotanical evidence for
rice appears only at the terminus of the first millennium BCE
(Spengler et al. 2021b). Grains of rice have been recovered
from several sites, including Erk-Kala (Usmanova 1963) and
Teshik-Kala (Tolstov 1948) in Turkmenistan, Khalchayan
(Chen et al. 2020) and Munchaktepa (Gorbunova 1986)
in Uzbekistan, and Karaspan-Tobe and Djuvan-Tobe in
Kazakhstan (Bashtannik 2007) — all of which date to before
the Islamic conquests (Fig. 2a). Regarding pre-Islamic rice
cultivation, Watson (1983, p 15) stated, “its cultivation in
these regions, however, was probably limited”. While rice
grains are rare from Central Asian archaeological sites, they
do appear to increase in prominence during the late 9th—10th
centuries. From the later medieval urban site of Bukhara,
more than 200 mineralized grains were recovered from cess-
pits (unpublished), and 128 grains were recovered from the
high-elevation mining settlement and eastern caravan stop of
Bazar-Dara, in Tajikistan (Bubnova 1987). The counter vari-
ables here are that the Bukhara contexts represent an elite
residence at the capital of the Samanid Empire, and both
sites express exceptional preservation (mineralization and
permafrost). Rice appears to remain a minor crop in other
mercantile centres, such as Paykend (Mir-Makhamad et al.
2021) and Afrasiab (unpublished). Ongoing research around
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Panjakent (Tajikistan), where rice is intensively cultivated
today, has, as of yet, not produced any ancient rice grains.
Therefore, we speculate that rice cultivation was restricted
to water-abundant oases and elite contexts in early Islamic
Central Asia. In addition, some scholars have suggested the
possibility that rice was not cultivated on a large scale until
the past few centuries (Spengler et al. 2021b).

Gossypium arboreum/herbaceum (cotton)

Today, cotton is grown across much of southern Central
Asia; however, Uzbekistan has remained the main cotton
producer for decades, followed by Tajikistan (FAOSTAT
2022). The occurrence of cotton seeds and textile fragments
in the archaeological record demonstrates the development
of cotton cultivation in southern Central Asia by the first
half of the first millennium ck. Brite et al. (2017) suggest
that cotton production could have taken place already by the
3rd-5th centuries cE at the Kara-tepe site in northwestern
Uzbekistan. In addition, our project in Bukhara proves that
cotton was present in the oasis by the first half of the first
millennium cg, with direct dating of cotton seeds ranging
from 261 to 532 ck (a mean value of cal. 401 cg) (unpub-
lished). Furthermore, cotton seeds have been found in many
other pre-conquest sites, including Kainar (unpublished
data), Panjakent (Mir-Makhamad et al. 2022b), and Mugh
(Vasil’ev 1934; Danilevsky et al. 1940) in Tajikistan; Kyuyk-
Tepe (Gorbunova 1986), Kanka (Buryakov 1990), Balalyk-
Tepe (Al’baum 1960), and Teshik-Kala (Tolstov 1948) in
Uzbekistan; and Merv in Turkmenistan (Herrmann et al.
1993; Herrmann and Kurbansakhatov 1994) (Fig. 2b).
Archaeologists working at Panjakent argued that cotton
and possibly silk textile production was already practiced
in the 7th and beginning of the 8th centuries ce (Belenitsky
et al. 1973). Furthermore, mural paintings from Balalyk-
Tepe, Varakshi, Panjakent, and Afrasiab demonstrate that
fabric patterns varied between cities and regions (Belenitsky
et al. 1973), potentially demonstrating different local textile
manufacturing traditions across Sogdiana. More than 100
fragments of cotton textiles belonging to at least 16 clusters
were recovered from the Mugh fortifications in the Upper
Zeravshan Basin of Tajikistan (Yakubov 1979), which were
abandoned during the Islamic conquests in 722 ck. The spe-
cialists studying the cotton textiles recovered from Mugh
concluded that they were locally produced for sackcloth,
clothes, and stockings. In addition to fabric fragments,
archaeologists recovered parts of a loom (Vinokurova 1957).
Cotton fabrics were also found in the cemeteries of the Isfara
group in Fergana (Gorbunova 1986). Historic sources (e.g.
Narshakhi 943) also attest to Bukhara becoming a centre of
cotton textile production in the 9th century ck. There is solid
archaeobotanical evidence showing that cotton was present
along the Syr-Darya River and across central and southern
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Fig.2 Oryza sativa, Gossypium arboretum/herbaceum, Citrullus lanatus and Solanum melongena remains from archaeological contexts in Cen-

tral Asia before and after the Islamic conquest

Central Asia prior to the Islamic period. Although, again,
Watson (1983) qualified his statement, noting that people
were likely familiar with cotton in the first half of the first
millennium ce from Mongolia to Turkistan.

Citrullus lanatus (watermelon)

Citrullus lanatus is extensively cultivated across Central
Asia today, often as a complement to Cucumis melo (sweet
melon). While there are medieval artistic depictions of C.
melo and Punica granatum (pomegranates) from Central
Asia (e.g. AI’baum 1975; Shishkina 1979; Azarpay 1981;
Hensellek 2019), there are no clear representations of
ancient watermelons, leaving open the question of when they
arrived in this part of the world. Ancient watermelon seeds
have been reported from a few sites in southern Central Asia
dating to before the Islamic conquest, including Erk-Kala in

Turkmenistan (Usmanova 1963) and Balalyk-Tepe in Uzbek-
istan (Al’baum 1960), as well as shortly after the Islamic
conquest, including at Kuiruk-Tobe in Kazakhstan (Bashtan-
nik 2007), Bukhara in Uzbekistan (unpublished), Ak-Beshim
in Kyrgyzstan (Nakayama and Akashi 2020), and Bazar-
Dara (Bubnova 1987) and Tirmizak-Tepa (Negmatov et al.
1973) in Tajikistan (Fig. 2c). None of these seeds have been
radiocarbon dated, and the only ones with a secure context
and confirmed identifications come from Bukhara, dating to
the Samanid period (unpublished). Citrullus lanatus seeds
are rare in the archaeobotanical record and are primarily
recovered from handpicked contexts in early archaeological
reports — all of which require further verifications. Archaeo-
botanical remains of mineralized seeds have been recovered
from three sites: Bukhara (cesspits), Kuiruk-Tobe (cesspit)
(Bashtannik 2007), and in Ak-Beshim (Pit 3) (Nakayama
and Akashi 2020), all dated to the 9th—11th centuries cE.
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Citrullus lanatus was described by a 13th century cg Chi-
nese traveller (1228 ck, Bretschneider 1888) as a fragrant,
sweet vegetable of enormous size growing in Samarkand.

Solanum melongena (eggplant)

Li Chichang, a companion of Kiu Changchun, composed
a narrative of their trip to Central Asia and southwest Asia
by order of Genghis Khan in 1220, describing Samarkand
as a land where purplish coloured eggplants shaped like a
finger were grown (Bretschneider 1888). However, the only
archaeobotanical evidence of S. melongena consumption in
Central Asia comes from Bukhara, dated to the 10th—11th
centuries CE. Solanum melongena remains were recovered
in the cesspit of Shakhristan, which is located only 100 m
from the Bukhara Arc. As S. melongena seeds are usually
only recovered mineralized, it is likely that the preservation
mode is biasing against the recovery of earlier specimens.
For example tomato and pepper seeds are likely to survive
human digestion (Lee et al. 2005); consequently there is a
higher chance of recovering them from cesspits or latrines.

Introductions in the first millennium ce

Amar and Lev (2017) state that several plants were over-
looked or not given enough coverage by Watson. In Cen-
tral Asia, there are a few possible introductions that might
support Watson’s model, but they are all based on limited
data. Due to the limited number of archaeobotanical stud-
ies from the period directly before the Islamic conquests,
compounded by taphonomic issues, we avoid making any
conclusions regarding other newly introduced plants into
early Medieval Central Asia. Nevertheless, bearing in mind
these limitations, we review some of the available findings
to which archaeobotanists should pay additional attention in
the future. Currently, data from the first half of the first mil-
lennium (1400 cE) consist of 7 sites; while there are 19 sites
with data from 401 to 750 cg, and 21 from 751 to 1275 cE.

Fruits and nuts

By the end of first millennium BcE, Vitis vinifera (grape)
is the only woody perennial well attested in archaeologi-
cal contexts. In contexts dating from 1 to 400 ck, seeds of
Vitis (Usmanova 1963; Chen et al. 2020; Stark et al. 2022),
melons, likely C. lanatus, Prunus avium/cerasus (sweet/sour
cherry), and Prunus persica (peach) have also been reported
(Usmanova 1963). We assume that all other fruits and nuts
under cultivation were introduced or locally brought under
cultivation in the central part of Central Asia after the 5th
century cg and maybe a century later in the Middle Syr-
Darya and northern Tian-Shan. The intensification of tree
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cultivation in the region appears to parallel urban develop-
ment, a trend that has been suggested for Asia more widely
(Dal Martello et al. 2023; Childe 1964; Fuller and Stevens
2019). There was a gradual increase in the ubiquity of nut
shells, likely Juglans regia (walnut), Pistacia vera (pista-
chio) (Mir-Makhamad et al. 2022a), and possibly Prunus
dulcis (almond), in early Islamic Central Asia (unpublished).
In addition to nuts, fruits, notably Cucumis melo, Citrullus
lanatus, Elaeagnus angustifolia (Russian olives), Punica
granatum, Malus domestica (apple), Pyrus sp. (pear), and
V. vinifera, appear to become more prominent prior to the
9th century cE (Fig. 3a). Hawqal Ibn (977, pp 237-238)
described Sogdiana, Bukhara, and Fergana in the 10th cen-
tury CE as regions with cultivated plains, full of gardens pos-
sessing all kinds of fruits and herbs.

In the early Islamic period, there seems to have been
an increase in the number of fruit/nut species consumed;
however, we face preservation biases since many types of
fruit and nut remains only come from cesspits, e.g. Kuiruk-
Tobe (Bashtannik 2007), Bukhara (unpublished), Kok-Tosh
(ongoing project), and Novopokrovka (ongoing project).
These contexts are rich in plant remains (mainly mineral-
ized) and may bias discussions, as certain plants may simply
not preserve in non-cesspit contexts (like S. melongena or
spices). Mineralized Ficus carica (fig) achenes and Morus
sp. (mulberry) seeds were recovered via sediment flotation
from cesspits at Bukhara and Kok-Tosh. The same situa-
tion has been observed in other regions, such as Jerusalem
(Amichay et al. 2019), where scholars (Fuks et al. 2020)
also question if these finds represent a signal of innovation
or preservation. Bubnova (1987) also reported Ficus at the
high-elevation mining and caravanserai settlement of Bazar-
Dara, located at 3,943 m a.s.l., a combination of desicca-
tion and permafrost allowing for its preservation. Ziziphus
sp. (jujube) stones in Central Asia were also only reported
from Bazar-Dara (Bubnova 1987); earlier Ziziphus remains
have been recovered to the east in Xinjiang from the second
half of the first millennium BCE (Jiang et al. 2013) and a
small-seeded (likely a wild) local variety was recovered to
the south in Swat, dating to the early first millennium BCE
(Spengler et al. 2021c). We also recognize the possibility for
the exchange and short-distance movement of some of these
plants, especially of dried fruits and nuts. The many fruit and
nut remains recovered at Tashbulak and Bazar-Dara were
found outside the parameters of their ecological constraints
and clearly represent the transport of food to high elevations
from the valleys below the villages.

Legumes
Seven different pulses, including Pisum sativum (pea),

Lens culinaris (lentil), Cicer arietinum (chickpea), Lathy-
rus sativus (grass pea), Vicia faba (fava bean), Vicia sativa
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(common vetch), and Vigna cf. radiata (mung bean) have
been recovered from Central Asian sites dating to the first
millennium cg. Pisum, Lens, and Lathyrus were introduced
into Central Asia from the Iranian Plateau by the third mil-
lennium BcE (Spengler 2019), although they remain rare in
archaeological assemblages dating before the Sth century
ce. There is more archaeobotanical evidence for legume
consumption from the second half of the first millennium
CcE, when cultivation of Lens and Pisum became more
prominent or culinary practices were changed. The earli-
est finds of V. faba (n=2) date to the second millennium
BCE sites of Adji-Kui (Spengler et al. 2018a) and Togolok
(Billings et al. 2022), located in the Murghab region of
Turkmenistan. However these specimens are a microcarpic
form, whereas a macrocarpic variety was clearly intro-
duced in the medieval period. The large-seeded V. faba has
been recovered from four archaeological sites in Tajikistan
from prior to the Islamic conquests: Mugh (Danilevsky
et al. 1940), Panjakent (Mir-Makhamad et al. 2022b), Kai-
nar, and Sanjar-Shakh (ongoing study). In addition, we
believe that Bashtannik et al. (2015) recovered V. faba
instead of common beans as he claims (Phaseolus sp.;
a North American domesticate) based on a reassessment
of his published photos. Vicia faba remains were also

recovered at Ak-Beshim in Kyrgyzstan (Nakayama and
Akashi 2019) from contexts dating to the 10th century cE.

Currently the oldest Vigna cf. radiata recovered from
Central Asia comes from the Balalyk-Tepe fortified set-
tlement in Uzbekistan dating to the 4th-5th centuries cg
(Al’baum 1960). Additionally, hundreds of V. cf. radiata
beans were recovered from a khum, which likely functioned
as an oven, in Bukhara. We directly dated one of the V. cf.
radiata beans to between cal ce 663775 (OS-165287), with
a mean of cal ce 723 (unpublished). Vigna cf. radiata is
also reported from the early Islamic site of Djuvan-Tobe in
Kazakhstan (Bashtannik 2007) and from Bazar-Dara (Bub-
nova 1987).

Spices

The first solid evidence for spices in Central Asia includes
seeds from Rhus coriaria (sumac), a single possible Piper
nigrum (black pepper), Coriandrum sativum (corian-
der), and Sesamum indicum (sesame), all of which come
from cesspits at Bukhara, dating to the 9th-10th centuries
CE (unpublished). In addition to Bukhara, S. indicum was
recovered at Ak-Beshim and dated to the 10th-11th centuries
ct (Nakayama and Akashi 2020). Piper nigrum originated
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in southwest India and is one of the most commonly used
spices in Central Asia today. We avoid making any further
conclusions regarding the one likely Piper seed; however,
from the Sogdian letters, recovered in Dunhuang in 1907
by Aurel Stein, Piper was mentioned as one of the goods
that Sogdians sold in the 4th century ce (LivSic 2009).
Rhus coriaria could have been locally cultivated because
it is widely distributed across southern Eurasia in the wild
(Browicz 1982). However, the earliest R. coriaria remains
come from southwest Asia (Haldane 1990; Fairbairn et al.
2002, 2019). Coriandrum sativum grows wild across much
of West Asia. It was likely utilized for at least nine mil-
lennia according to data that were summarized by Zohary
et al. (2012). In the same period of time C. sativum remains
were recovered in the Tutankhamun’s tomb in Egypt where
it does not grow wild (Zohary et al. 2012) and together with
R. coriaria on the Uluburun ship dated to the 14th century
BCE (Pulak 2008).

Urbanism and irrigation development

Watson envisioned irrigation systems falling into disre-
pair and silting up by the dawn of the Islamic Conquest,
whereas the new political leaders repaired old irrigation
works and constructed new ones. Indeed, historians have
argued that more varieties of irrigation techniques to catch,
channel, store, and lift water appeared in the Mediterranean
and North Africa after the 7th century ce. Avni (2018, p
313) suggests that “the massive expansion of qanats was
associated with the new geo-political situation following the
Arab conquest”. Especially discussing Central Asia, Wat-
son (1983, p 104) stated that limited areas in Transoxiana,
“had elaborated irrigation works nearly all of which can be
traced back to a remote antiquity”. Watson (1983, p 110)
also envisions the ganat technique being invented in Iran and
slowly diffusing to Central Asia and to North Africa only
after the Islamic conquest, and likely southwestern Central
Asia slightly earlier. However, recent studies dedicated to
ground water catchment systems clearly illustrate that ganat
technology was widely used by the first millennium BCE in
Egypt, southeast Arabia, and in Iran (del Cerro and Cérdoba
2018; Charbonnier and Hopper 2018).

Based on data from Kafir-Kala, Afrasiab (Mantellini
2019), Paykend (Omel’chenko 2019), Vardanzeh (Mir-
zaachmedov et al. 2019), Panjakent (Marshak and Raspop-
ova 2016), and Termez (Belenitsky et al. 1973), we suggest
that significant urbanization in Sogdiana likely only began
in the 4th century ce. Settlements such as Bukhara, Afra-
siab, and Paykend, lack clear destruction levels associated
with the Islamic conquest, and if the transition at these cit-
ies was violent, they were readily restored and appear, from
an archaeological perspective, to have been continuously
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occupied until the Mongol conquests (Bukhara remains set-
tled to the present). Mirzaachmedov et al. (2019) reported
that Vardanzeh became a major urban settlement and a cen-
tre of agriculture after Arabic political authority took con-
trol. On the other hand, Mantellini (2017) demonstrates a
rapid decrease of site numbers at the beginning of the 9th
century ct around Samarkand, which can be interpreted as
a centralization of urban power and inner population migra-
tion into urban centres, possibly tracing back to the Samanid
period (ce 875-999), or an actual reduction of population.
Archaeological data seem to suggest that a new wave of
urbanization spread across Central Asia starting in the 9th
and 10th centuries (Belenitsky et al. 1973). On the northern
foothills of the Tian-Shan Mountains, intensive urbanization
started in the 4th century cE, reaching its peak in the mid-9th
to 12th centuries ce. The situation was different downstream
of the Syr-Darya River, where the first settlements were
already constructed by the end of first millennium BCEg, with
a rapid increase in the mid-6th century ct and continuing to
grow until the 12th century ck (Sala and Deom 2010). Based
on these observations, urbanization was a continuous pro-
cess, expanding in development roughly from southwestern
to northeastern Central Asia through time, and presumably
paralleling agricultural intensification.

Most scholars suggest that irrigation was already well
developed before the Islamic conquests (Lewis 1966;
Lisitsina 1969; Rapen 2010). Climatic variations (Clarke
et al. 2005; Toonen et al. 2020) and political and economic
dynamics (Brite 2016) served as regionally specific driv-
ers of irrigation development and reduction. Some schol-
ars (Dukhovny and de Schutter 2011) have linked the
consequences of war in ancient Central Asia with a lack
of water management, based on a perceived depopulation.
Large-scale irrigation systems may have been established in
many areas by the late first millennium BcE, including Merv,
Bactria, Sogdiana, Khoresm, Chardara, and Otrar to supply
water to agricultural fields (Brite 2016). However, the con-
struction of irrigation works took place at different times in
different geographic zones and appears to have never been
uniformly organized across Inner Asia, possibly until Rus-
sian Imperialism.

Several studies have been dedicated to the large-scale
irrigation constructions around Afrasiab, where artificial
channels (sai) were dug off of the Central Dargom canal
(Shishkina 1994; Malatesta et al. 2012). Three artificial
water reservoirs around Afrasiab were built between the
7th and 4th centuries BCE (Vyatkin 1926; Akhmedov 2013);
moreover, archaeologists report discovering many wells in
the territory around the ancient capital (Vyatkin 1926). The
Dargom diverted water from the south of the ancient city
and the Bulungur from the north, both representing artifi-
cial banks of the Zeravshan River. There has been consider-
able debate over the dating of the Dragom (Shishkina 1994;
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Grenet 2002; de La Vaissiere 2005; Mantellini et al. 2008;
Malatesta et al. 2012; Mantellini 2015, 2018, 2019), with
some scholars arguing for a genesis by the 5th century BCE
(Shishkina 1994) and others pushing for the early first mil-
lennium ck (Stride et al. 2009; Malatesta et al. 2012).

De la Vaissiere (2005) claims that the western periphery
of the Bukhara Oasis was extended 22 km, due to irrigation
development in the 6th century ce. Golden (2011) claims
that since the Qarakhanid period, urban development and
extensive irrigation systems were erected across the northern
Tian-Shan, notably in Talas, Chui, and Otrar, a conclusion
also drawn by other scholars (Bosworth and Asimov 2000).
Clarke et al. (2005) described several periods of irrigation
expansion in the Syr-Darya region: (1) the period between
200 and 650 ck in the Ortar Oasis and between 650 and
950 ce when people stored seasonal floodwater in natural
depressions linked to the canals; (2) a period when “the
first irrigation system developed on floodplains proximate
to secondary branches of the Arys and Bogun delta and of
the river Syr-Darya” (p 382); and (3) between 950 and 1200
CE, when irrigation was more organized but less extensive
when the “water offtake structures were built on the main
river course” (p 382). Toonen et al. (2020, p 32,987) stud-
ied the hydrological conditions of the Otrar Oasis (southern
Kazakhstan) writing, “The Arab conquest took place at a
time that was probably the most favorable for floodwater
farming in the last millennia”, contrary to the situation Wat-
son envisioned for other regions of West Asia.

Conclusions

Given the limited available data, we remain cautious in our
conclusions, but speculate that irrigation was gradually
developing both before and after the Islamic conquests, and
that the degree of labour investment in canal construction
was not uniform across all regions of Central Asia. Archaeo-
logical investigations are not conclusive enough across Cen-
tral Asia to verify whether this continuous economic growth
took the form of a significant punctuated equilibrium or a
continual gradualism. Additionally, there is some reason to
believe that seasonal crop rotations were already practiced
in some parts of Central Asia prior to the Medieval period.
Cotton appears to have been well-established throughout
southern pre-Islamic Central Asia, while rice seems to
have been a minor crop before and remained so until more
recently. Watermelons may have been introduced before the
Islamic conquest, specifically in the southern zones; how-
ever, cultivation of the watermelons spread further to the
north and east likely only after the conquest. The timing
of the introduction of free-threshing tetraploid wheat and
eggplant remains unclear. Looking beyond Watson’s 18,
an increased prevalence of cultivated legumes and arboreal

crops seems to parallel urbanization. The earliest archaeo-
botanical evidence for spices (coriander and sumac) dates
to the 9th-10th centuries CE.

The hardest part of testing the Watsonian thesis is its lack
of falsifiability; in the sense of Popper (1959), any scientific
theory must be disprovable. Given that so many scholars
in the social sciences are averse to parsimonious models
of cultural development, the principle of falsifiability is
often overlooked by archaeologists and historians. Spengler
(2021) has noted elsewhere that the open-endedness of many
theories in archaeology is the reason for their longevity, as
well as the heated debates that they tend to provoke. None-
theless, Watson’s hypothesis does not fit well within the core
areas of Central Asia; this is due in part to the constraints
to growth of the majority of Watson’s 18 in the north. More
importantly, there simply were differences in the political
systems, processes behind the expansion of the Islamic state,
the degree of centralization of control, and development
complex farming systems — both between Central and South
Asia, as well as within Central Asia. Our discussion does
nothing to discredit Watson’s core claims, as he intended
them to primarily apply to the Mediterranean region; to the
contrary, we hope to enrich discussions by building on the
thesis.

The first millennium cE, as a whole, was likely a period
marked by the first cultivation of cash-crops and increased
exchange in Central Asia. For example, according to one his-
torical source (Narshakhi 943), in the second half of the first
millennium cE, there was a specialized area within the early-
medieval bazaar of Bukhara solely for the sale of pistachio
nuts. Ibn Fadlan, traveling from Baghdad to the Volga River
via southwestern Central Asia in the 10th century cg, noted
that dried fruits, nuts, millet and spices had been offered as
gifts (Frye 2005). Hence, we believe that Watson was cor-
rect in his linking of intensification of exchange to urbaniza-
tion and irrigation systems. However, the intensification and
extensification of agricultural systems across Central Asia
needs to be explored on a sub-regional scale, as the diverse
mosaic landscape fostered an equally diverse repertoire of
economic practices (Spengler et al. 2021a). Intensification
and diversification in the northern Tian-Shan likely occurred
concurrently with the Islamic invasion, but in the core areas
— what was once Sogdiana — cultivation is widely attested
from several centuries earlier than Watson proposed, but it
may not have peaked until the 9th—10th centuries ct. Lastly,
historical sources and archaeological data attest to Sogdian
movement all over Central Asia during the 8th century cE,
parallel to the Islamic conquest, further suggesting that a
complex milieu of social factors were interacting (de la Vais-
siere 2017).
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