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Emergence of Agriculture
in the Foothills of the Zagros
Mountains of Iran
Simone Riehl,1,2* Mohsen Zeidi,2,3 Nicholas J. Conard2,3
The role of Iran as a center of origin for domesticated cereals has long been debated. High
stratigraphic resolution and rich archaeological remains at the aceramic Neolithic site of
Chogha Golan (Ilam Province, present-day Iran) reveal a sequence ranging over 2200 years of
cultivation of wild plants and the first appearance of domesticated-type species. The botanical
record from Chogha Golan documents how the inhabitants of the site cultivated wild barley
(Hordeum spontaneum) and other wild progenitor species of modern crops, such as wild lentil and
pea. Wild wheat species (Triticum spp.) are initially present at less than 10% of total plant species
but increase to more than 20% during the last 300 years of the sequence. Around 9800 calendar
years before the present, domesticated-type emmer appears. The archaeobotanical remains from
Chogha Golan represent the earliest record of long-term plant management in Iran.
outhwestern Asia has been viewed as a
key area for the development of agriculture, and researchers have long debated
whether agriculture had its origin in a single or
in multiple regions of the Fertile Crescent (FC)
(1–3). Although the archaeological and biomolecular evidence for the process of plant domestication suggests the presence of multiple centers
and events over many hundreds of years (2, 4–6),
research has been hampered by limited data and
a near-absence of plant remains from the eastern part of the FC (7–10). Domesticated species
evolved through management of their wild progenitors, thus identification of pre-domestication
cultivation or management of phenotypically
wild species is required to provide the crucial
link made between gathering wild cereals and
cultivating domesticated species. Knowledge of
this process is essential for our understanding of
how hunter-gatherers evolved into farmers. Until
now, pre-domestication has been documented
only for a few Pre-Pottery-Neolithic (PPN) sites in
the Levant and northern Mesopotamia (11). Despite speculation, the role of the eastern FC in the
domestication process has remained unclear.
Chogha Golan is situated in a semiarid region, in the foothills of the Zagros Mountains,
Iran, at an elevation of 485 m (Fig. 1). Within the
Tübingen-Iranian Stone Age Research Project
(TISARP), archaeologists from the University
of Tübingen and the Iranian Center for Archaeological Research conducted excavations at the
site in 2009 and 2010. The tell, roughly 3 ha in
size, preserves an 8-m sequence of exclusively
aceramic deposits rich in chipped stone, architectural features, clay figurines, and a large number
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of mortars and grinding tools. Excavators unearthed 11 archaeological horizons (AHs), separated by plaster floors or other clear stratigraphic
features. The lithic assemblages show gradual
changes in the composition of the tool types and
the raw materials used. Small objects, such as
clay figurines depicting animals and humans,
worked bone artifacts, and stone vessels and
ground stone tools document a high degree of
continuity throughout the sequence. The archaeological findings suggest that comparatively

large social groups lived there under relatively
stable economic conditions that allowed an extremely rich tell to form (12). Ten accelerator mass
spectrometry (AMS) dates place the occupation
of the site between 12,000 and 9800 calendar
years before the present (cal yr B.P.) (12, 13)
(Fig. 2). Initial occupation of the site started near
the end of the Younger Dryas, and the stratigraphic
sequence is contemporaneous with archaeological sites of the Levant and northern Mesopotamia,
ranging from PPNA to middle PPNB. Chogha
Golan represents the earliest aceramic Neolithic
documented in Iran, with only Sheikh-e Abad
providing similar ages (14).
Systematic sampling resulted in the recovery
of large amounts of exceptionally well-preserved
bioarchaeological remains, including wild progenitor species of modern crops, such as wild
barley (Hordeum spontaneum), wild wheat species
(Triticum boeoticum, T. dicoccoides, and Triticoid
types), lentil (Lens spp.), and grass pea (Lathyrus
spp.) (15). We identified more than 21,000 plant
remains from 25 of the samples from 203 liters
of sediment, resulting in 116 taxa (table S1). Faunal remains document the presence of caprines,
wild boar, gazelles, equids, large bovids, rodents,
hares, reptiles, birds, fish, mussels, and freshwater
crustaceans (12).
Interpreting the evidence of domestication at
aceramic sites in the Near East is not straightforward (11), but the refinement of morphological criteria throughout the past decades has

Fig. 1. Location of Chogha Golan (1) and other important PPN sites in the FC: (2) Ali Kosh,
(3) Chia Sabz, (4) Ganj Dareh Tepe, (5) Sheikh-e Abad, (6) Jani, (7) Tepe Abdul Hosein, (8) M'lefaat,
(9) Nemrik, (10) Qermez Dere, (11) Magzalia, (12) Körtik Tepe, (13) Hallan Cemi, (14) Cayonu, (15) Cafer
Hoyuk, (16) Asikli Hoyuk, (17) Can Hasan III, (18) Nevali Cori, (19) Göbekli Tepe, (20) Akarcay Tepe, (21)
Djade, (22) Halula, (23) Jerf el Ahmar, (24) Mureybet, (25) Abu Hureyra, (26) El Kowm I and II, (27) Bouqras,
(28) Abr, (29) Qaramel, (30) Tell Ras Shamra, (31) Kissonerga, (32) Parekklisha-Shillourokambos, (33) Tell
Ghoraifé, (34) Tell Aswad, (35) Tell Ramad, (36) Yiftah'el, (37) Iraq ed Dubb, (38) Gilgal, (39) 'Ain Ghazal, (40)
Netiv Hagdud, (41) Dhra, (42) Jericho, (43) Nahal Hemar, (44) Wadi Fidan, (45) Beidha, (46) Basta, (47)
Dhuweila, (48) Azraq 31, (49) Wadi Jilat 7. PPN is applied to Iranian sites, because PPNA and PPNB have
additional cultural connotations that apply only to sites in the western and northern part of the FC.
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demonstrated that domesticated cereals appear
in the early to middle PPNB at several key sites
(9, 16–18). Because the transition from predomestication of wild taxa to domestication is
a gradual process and most sites have yielded
only limited evidence, the record of the domestication process is still incomplete (6, 9). The
high density of botanical remains at Chogha
Golan in comparison to other PPN sites, along
with high stratigraphic resolution, allows us to
document a nearly continuous record of early
plant management, including pre-domestication
cultivation and the initial use of domesticatedtype emmer.
With the end of the Younger Dryas and
throughout the first three archaeological horizons
(AH XI to IX), the proportions of wild barley
(H. spontaneum) increase, whereas Triticum-type
taxa appear in low counts (Fig. 2) (15). Numerous
chaff remains and increased amounts of arable
weeds in AH IX indicate probable cultivation of
wild progenitor species of modern crops, including pulses such as lentil (fig. S1). In AH VIII
around 10,700 cal yr B.P., the percentages of
wild barley and possible arable weeds decrease
(Fig. 2). Shortly before 10,000 cal yr B.P. (AH

V and IV), the percentages of all taxa decline
except that of the small-seeded grasses, which
we tentatively interpret as a shift in the subsistence economy, only on the basis of the plant
remains (fig. S1). After 9800 cal yr B.P. (AH II),
spikelets of domesticated-type emmer appear
in increased amounts and subsequently outnumber those of other large-seeded grasses.
These developments are accompanied by an
increase in the proportions of arable weed taxa
(Fig. 2).
Our interpretation of the management of
phenotypically wild species, in other words predomestication cultivation, is consistent with a
number of criteria (11, 15, 19–21). First, the high
proportions (up to 40%) of wild progenitor species of barley, wheat, lentil, and other large-seeded
pulses outline a plant diet focusing on large-seeded
species, which are the ancestors of modern crops
(fig. S1). Second, the number of possible arable
weeds at Chogha Golan is already high in AH XI
and correlates with the percentages of wild progenitors of modern crops. The general presence
and abundance of arable weeds are in good agreement with those from sites along the Euphrates in
the northern FC (10). Third, in AH II the abundance

Fig. 2. Stratigraphic profile from Chogha Golan (left) with AMS dates
in cal yr B.P. (locations of dated samples are indicated with blue
circles in the profile) and AHs in Roman numbers. Percentages of taxa
and groups of taxa relevant for the development of cultivation and
domestication in each sample are based on the total of all identifications
from each AH (locations of samples are indicated with red circles in the
profile): Aegilops sp. (goat-grass); Triticum-type taxa: agglomeration of
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of arable weeds increases and correlates with a
strong increase in Triticum-type taxa (Fig. 2).
The presence of bases of domesticated-type
emmer wheat spikelets (T. dicoccum) from AH
II onward marks the beginning of management
of domesticated species (Fig. 3). Within the largeseeded grasses group from AH II, about 21% of
specimens preserve the domesticated-type spikelet bases of emmer (T. dicoccum; table S1). This
percentage is above the values observed in wild
populations and suggests that the chaff remains
recorded at Chogha Golan indicate genotypic
changes toward domesticated emmer. Domesticatedtype rachis internodes of barley occur in only low
proportions from the beginning of the occupation
of the site, increasing to 2.5% in AH IV, which is
consistent with observed values in wild populations (20).
A Triticoid type with no modern counterpart
appears in all AHs at Chogha Golan, but mainly in horizons XI and IV, and documents the
already-high diversity in wild Triticum-type cereals at the onset of the stratigraphic sequence of
Chogha Golan (15). The observation of Triticoidtype species, large-seeded barley grains, and high
proportions of arable weeds already in AH XI also

different Triticum taxa (see text for description); H. spontaneum (wild
barley); and arable weeds (for further explanation see the supplementary
text). n, number of seed and chaff records identified in each horizon. The
yellow bar indicates the equivalent Levantine cultural chronology. The
black lines on the right depict the cultural-chronological placement of
well-known aceramic Neolithic sites in the FC. EPPN, early PPN; MPPN,
middle PPN; LPPN, late PPN.
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suggests that the starting point of cultivation in the
foothills of the Zagros may extend further back
into the Epipaleolithic.
The archaeobotanical data from Chogha Golan
are consistent with the local evolution of agricultural economies, but interregional exchanges of
ideas and cultigens may well have accompanied
this process. Our results are in agreement with
biomolecular research suggesting multiple domestications for barley (22) and goats (8) and in
pointing to a large region for the emergence of
agriculture that includes the Zagros Mountains.

The results presented here refute models arguing
against the eastern FC being one of multiple key
regions where domestication evolved (3, 23). The
rich record from Chogha Golan, when taken together with other results, points to largely simultaneous processes in the management of wild plants
and the beginnings of cereal domestication over
much of the FC. These data demonstrate that the
eastern region of the FC made important contributions to the development of Neolithic lifeways that
formed the economic basis for the rise of urban
centers and early states in the subsequent millennia.

Fig. 3. Emmer spikelets illustrating criteria for identification of (A) modern wild emmer
(T. dicoccoides), (B) wild emmer from Chogha Golan AH II, (C) modern domesticated
emmer (T. dicoccum), and (D) phenotypic domesticated-type emmer from Chogha Golan AH II.
The principal identification criteria used were according to Tanno and Willcox (11); note the wide, concave
attachment scar of the next upper rachis internode, with a smooth lower rim in wild emmer; the angle
between the attachment scar and upgoing glumes is between 140° and 180° [(A) and (B)], in contrast to
the narrow, rough incision scar with a projecting lower part in domesticated emmer; the angle is between
90° and 140° [(C) and (D)]. Additional criteria used are marked by arrows. Black arrows indicate the lower
attachment scar area in wild emmer (A-2 and -3, B-2 and -3), which represents a genetically inherent line
of breakage. White arrows indicate the vertically downward-extended upper attachment area, bordering
the central stem of the rachis internode (C-2 and -3, D-2 and -3).
www.sciencemag.org
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