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Abstract: By 4000 BP, trans-Eurasian agricultural exchanges increased across the Hexi Corridor.
However, the nature and timing of many early prehistoric agricultural exchanges remain unclear. We
present systematically collected archaeobotanical data from the ancient Haizang site (3899–3601 cal
a BP) within the Hexi Corridor. Adding to previous archaeobotanical studies of the Hexi Corridor,
we find that agricultural production transformed from purely millet-based agriculture during the
Machang Period (4300–4000) to predominantly millet-based agriculture increasingly supplemented
with wheat and barley during the Xichengyi and Qijia periods (4000–3600 BP). These transformations
are likely due to adaption to a cooler and drier climate through cultural exchange. A warm and
humid climate during 4300–4000 BP likely promoted millet agriculture, Machang cultural expansion
westward, and occupation across the Hexi corridor. However, after the “4.2 ka BP cold event” people
adopted wheat and barley from the West to make up for declining millet agricultural productivity.
This adoption began first with the Xichengyi culture, and soon spread further eastward within the
Hexi Corridor to the Qijia culture.

Keywords: archaeobotanical; Haizang site; Qijia culture; millet-based agriculture; cooler drier climate

1. Introduction

Prehistoric transcontinental cultural exchanges and their impacts on agricultural
economic systems are key topics of scientific research and concern. A central issue is
the spread of “Neolithic founder crops” eastward from the Fertile Crescent, and of do-
mesticated millets expanding westward from China [1–11]. These processes, known as
“Prehistoric food globalization”, represent early worldwide transformations in agriculture
and culture [12–14]. Archaeobotanical evidence indicates that East Asian millets and West
Asian wheat and barley converged in eastern Central Asia around 4500 BP [4,15,16]. The
spread of wheat and barley eastward to the Gansu-Qinghai region created dramatic im-
pacts on the agricultural activities and ecological opportunities for cultures in northwest
China [7,9,17–23]. Archaeobotanical and stable isotope evidence suggests that wheat and
barley were introduced into the Hexi Corridor and northeastern Qinghai-Tibet Plateau
in 4000 BP [9,12,17,18,20,21,24], rapidly replacing millets as primary staple crops after
3700 BP [20–22]. The Hexi Corridor is an ideal location to understand changing agricultural
practices and crop exchanges. Our study site, Haizang, was occupied at a time of increas-
ing prehistoric transcontinental exchange and climatic variability. It represents a useful
case study to understand the timing and nature of these changing practices in land use,
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particularly when these exchanges occur during times of both beneficial and detrimental
climatic changes.

Located in northwest China, the Hexi Corridor is a key section of the Ancient Silk
Road, and a hub of past cultural exchange across Eurasia [9,25–27]. Earlier excavations
indicate large-scale human habitation in the Hexi Corridor around 4800 BP, originating
from north China, and marked by millet agriculture and painted pottery [9]. Only one
archaeological site named Xichengyi from around 4000 BP was excavated, and a few
wheat crops were identified. However, sporadic studies on profile sampling implied
that wheat crops occupied a certain proportion around 4000 BP [9,17,18,28]. Therefore,
it is necessary to evaluate and refine arguments of large-scale changes in land use and
agricultural production with new evidence based on systemic archaeobotanical research
and archaeological excavation.

Notably, for our arguments about agricultural production, an extreme cold and dry
climate event named “Holocene Event 3” impacted world climate conditions around
4000 BP [29–34]. As the strongest climate event in the last 5000 years, the “4.2 ka BP cold
event” has been argued to lead to the demise of some ancient states, such as the Akkad Em-
pire and the Harappa civilization [35–38]. This event is also argued to have led to significant
cultural transformations and changes in subsistence strategies in China [20,34,39–42]. Dur-
ing this time, the Hexi corridor area experienced a dramatic climate shift around 4000 BP,
and the temperature and humidity decreased significantly compared with the Holocene’s
climatically suitable period [31,43–46]. However, due to the lack of systematic interdisci-
plinary research, the relationships between the “4.2 ka BP cold event” and the cultural,
agricultural, and economic dynamics around 4000 BP in the Hexi Corridor remain unclear.

In this paper, we integrate new data from the Haizang site with existing published data
to better understand the changes in cultural and agricultural practices in the ancient Hexi
Corridor. To do so, we begin by comparing our results with existing archaeobotanical data
and radiocarbon dates. We then compare these processes with paleoclimate and geomor-
phological data to better understand the driving factors behind cultural and agricultural
change in the Hexi Corridor around 4000 BP. This work deepens our understanding of the
complexities surrounding prehistoric transcontinental cultural exchange.

2. Study Area and Site Description

The Hexi Corridor (92◦21′ E–104◦45′ E, 37◦15′ N–41◦30′ N) is a narrow corridor
located in northwest China (Figure 1). It spans from the Wushaoling Mountains in the
east, to the Yumen Pass in the west and is oriented along a southeast-northwest axis
between the Qilian Mountains to the south, and the Mongolian plateau and Gobi to the
north. The region is relatively flat and lies approximately 1500 m a.s.l. The climate of the
Hexi Corridor belongs to the temperate semi-arid and temperate arid climate [47], with
a mean annual temperature of 5–9 ◦C and mean annual precipitation around 200 mm
(http://data.cma.cn/site/index.html, accessed on 30 November 2021). The vegetation
consists of the Stipa steppe in the east, with the west dominated by desert shrubs such as
Chenopodiaceae, Ephedra, Tamarix, Hippophae, and Nitraria. Three main river systems,
the Shiyang, Hei, and Shule, flow northward from the Qilian Mountains to the desert. They
are fed with mountain snowmelt from the Qilian Mountains and generate three oases in
their respective fluvial plains: from east to west, the Wuwei Oasis, the Zhangye Oasis,
and the Jiuquan Oasis. The Hexi Corridor’s water access, low elevation, and intersection
between mountains and deserts has made it the key route connecting central China with
Xinjiang and Central Asia.

http://data.cma.cn/site/index.html
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Figure 1. Location of Machang culture, Xichengyi culture, and Qijia culture sites in the Hexi Corri-
dor, Northwest China. Machang culture sites (4300–4000 BP): 1. Xihetan; 2. Qipanshan; 3. Xinzhai; 
4. Guojiashan; 5. Maolinshan; 6. Mozuizi; 7. Xitai; 8. Shuikou; 9. Duojialiang; 10. Guandi. Xichengyi 
culture sites (4000–3600 BP): 11. Xichengyi; 12. Huoshiliang; 13. Ganggangwa; 14. Yigediwonan; 15. 
Yigediwonan2. Qijia culture sites (4000–3600 BP): 16. Huangniangniangtai; 17. Lijiageleng; 18. 
Haizang. 

The Haizang site (102.64° E, 37.96° N) is located in the eastern half of the Hexi Corri-
dor in the Liangzhou District, Wuwei City (Figure 1). To the west, 2.5 km away, lies 
Wuwei City, and 2.2 km to the southwest is the Huangniangniangtai site. The Haizang 
site covers an area of nearly 30,000 m2 with a mean altitude of 2403 m a.s.l. There are no 
trees at the site today due to extreme aridity (mean annual precipitation of 100 mm and 
mean annual temperature of 7.7 °C), and the area’s surface is heavily eroded by wind. In 
cooperation with ongoing ecological restoration and construction projects at Haizang 
lake, the Gansu Provincial Institute of Cultural Relics and Archaeology conducted archae-
ological excavations at the Haizang site from 2018 to 2019. Across an area of 1100 m2, 
eighteen cultural layers were excavated and stratigraphically delineated by context. The 
uppermost layer belongs to modern contexts, the second to third layers date to the War-
ring States period (2476–2221 BP), and the fourth to eighteenth layers date to the Qijia 
culture (4000–3600 cal BP). Twenty-six discrete contexts were documented as belonging 
to the Qijia: these include tombs, house sites, ash pits, etc. From these contexts, large num-
bers of artifacts were unearthed: including pottery, stone artifacts, jade artifacts, bronzes, 
bone artifacts, etc. Simultaneously, a large number of carbonized plant seeds, human re-
mains, and faunal material was excavated. 

To date, more than two hundred Neolithic-Bronze Age sites have been found in the 
Hexi Corridor [48]. From archaeological data and radiocarbon dating at these sites, the 
regional Neolithic to Bronze Age chronological framework has been established [28,49–
53]. The Neolithic of the Hexi Corridor is related to three Majiayao cultures: the Majiayao 
(4800–4450 BP), Banshan (4450–4250 BP), and Machang (4200–4000 BP). Bronze Age cul-
tures include the Qijia (4000–3600 BP), Xichengyi (4000–3600 BP), Siba (3700–3300 BP), 
Dongjiatai (3200–3000), Shajing (2900–2100 BP), and Shanma (2700–2100 BP). 

  

Figure 1. Location of Machang culture, Xichengyi culture, and Qijia culture sites in the Hexi Corridor,
Northwest China. Machang culture sites (4300–4000 BP): 1. Xihetan; 2. Qipanshan; 3. Xinzhai;
4. Guojiashan; 5. Maolinshan; 6. Mozuizi; 7. Xitai; 8. Shuikou; 9. Duojialiang; 10. Guandi. Xichengyi
culture sites (4000–3600 BP): 11. Xichengyi; 12. Huoshiliang; 13. Ganggangwa; 14. Yigediwonan;
15. Yigediwonan2. Qijia culture sites (4000–3600 BP): 16. Huangniangniangtai; 17. Lijiageleng;
18. Haizang.

The Haizang site (102.64◦ E, 37.96◦ N) is located in the eastern half of the Hexi Cor-
ridor in the Liangzhou District, Wuwei City (Figure 1). To the west, 2.5 km away, lies
Wuwei City, and 2.2 km to the southwest is the Huangniangniangtai site. The Haizang
site covers an area of nearly 30,000 m2 with a mean altitude of 2403 m a.s.l. There are no
trees at the site today due to extreme aridity (mean annual precipitation of 100 mm and
mean annual temperature of 7.7 ◦C), and the area’s surface is heavily eroded by wind.
In cooperation with ongoing ecological restoration and construction projects at Haizang
lake, the Gansu Provincial Institute of Cultural Relics and Archaeology conducted archae-
ological excavations at the Haizang site from 2018 to 2019. Across an area of 1100 m2,
eighteen cultural layers were excavated and stratigraphically delineated by context. The
uppermost layer belongs to modern contexts, the second to third layers date to the Warring
States period (2476–2221 BP), and the fourth to eighteenth layers date to the Qijia culture
(4000–3600 cal BP). Twenty-six discrete contexts were documented as belonging to the
Qijia: these include tombs, house sites, ash pits, etc. From these contexts, large numbers
of artifacts were unearthed: including pottery, stone artifacts, jade artifacts, bronzes, bone
artifacts, etc. Simultaneously, a large number of carbonized plant seeds, human remains,
and faunal material was excavated.

To date, more than two hundred Neolithic-Bronze Age sites have been found in the
Hexi Corridor [48]. From archaeological data and radiocarbon dating at these sites, the
regional Neolithic to Bronze Age chronological framework has been established [28,49–53].
The Neolithic of the Hexi Corridor is related to three Majiayao cultures: the Majiayao
(4800–4450 BP), Banshan (4450–4250 BP), and Machang (4200–4000 BP). Bronze Age cultures
include the Qijia (4000–3600 BP), Xichengyi (4000–3600 BP), Siba (3700–3300 BP), Dongjiatai
(3200–3000), Shajing (2900–2100 BP), and Shanma (2700–2100 BP).
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3. Materials and Methods

From the excavation of eleven 11 m × 10 m trenches, 122 soil samples with a volume
of 970 L were collected from the fourth to eighteenth cultural layers, thirteen ash pits
(H1–H13), and one house site (F1). All samples were floated with manual bucket flotation,
and in order to collect the light fraction and carbonized plant remains a sieve with #80 mesh
(aperture size of 0.2 mm) was used [54]. After drying, all seeds were sorted and identified
under a 40× stereo microscope. The preliminary identification of carbonized plant remains
was carried out in the Laboratory of Agricultural Archaeology Research Center, Nanjing
Agricultural University, and further refined at the Paleoethnobotany Laboratory, Institute
of Archaeology, Chinese Academy of Social Sciences.

Nine samples, including seven carbonized wheat seed and two foxtail millet seed
samples, were selected for radiocarbon dating by accelerator mass spectrometry (AMS).
All samples were prepared with the standard pretreatment (acid-alkali-acid) at the MOE
Key Laboratory of Western China’s Environmental Systems at the Lanzhou University, and
then measured by accelerator mass spectrometry (AMS) at Peking University. The IntCal20
curve [55] and the Libby half-life of 5568 years were used to calculate all dates, with
calibration performed using the OxCal 4.4 program (https://c14.arch.ox.ac.uk/oxcal.html,
accessed on 20 November 2021). All ages reported are relative to AD 1950 (referred to as
“cal a BP”).

4. Results
4.1. Radiocarbon Dating

Nine calibrated 14C ages from wheat and foxtail millet collected from the Haizang site
are listed in Table 1. All nine calibrated 14C ages are within the range of 3899–3601cal a BP
and belong to the Qijia culture period.

Table 1. Calibrated 14C data from Haizang site in the Hexi Corridor, Northwest China.

Laboratory
no. Methods Material

14C Date
(BP)

Calibrated Age (cal yr BP)

1σ Range 2σ Range

LZU19372 AMS Wheat 3390 ± 20 3692–3580 3601–3663
LZU19369 AMS Wheat 3410 ± 20 3703–3591 3630–3692
LZU19371 AMS Wheat 3430 ± 20 3818–3614 3632–3714
LZU19375 AMS Wheat 3440 ± 20 3823–3636 3639–3739
LZU19374 AMS Wheat 3450 ± 20 3825–3640 3651–3759

LZU19377A AMS Wheat 3430 ± 20 3818–3614 3632–3714
LZU19370 AMS Wheat 3480 ± 20 3831–3694 3716–3804
LZU19368 AMS Foxtail millet 3420 ± 20 3810–3608 3632–3700
LZU19373 AMS Foxtail millet 3570 ± 20 3959–3830 3839–3899

4.2. Flotation

A total of 4482 carbonized plant remains were identified from all 122 soil samples
at the Haizang site (Figure 2 and Table S1). Of these seeds, four types of crop species
were identified: 2901 foxtail millet (Setaria italica) (Figure 2a and Table S1), 662 broomcorn
millet (Panicum miliaceum) (Figure 2b and Table S1), 632 wheat (Triticum aestivum) (Figure 2c
and Table S1), and 36 barley (Hordeum vulgare L.) (Figure 2d and Table S1), accounting
for 64.73%, 14.77%, 14.10%, and 0.80% of all charred plant seeds, respectively. The ubiq-
uities of charred seeds in the 122 floated samples were 91.80% for foxtail millet, 82.79%
for broomcorn millet, 38.52% for barley, and 15.57% for wheat. Twenty types of weed
seeds were found (223), cumulatively accounting for 4.97% of all carbonized seeds. These
included Green Bristlegrass (Setaria viridis (L.) Beauv.) (Figure 2e), Foxtail-Like Sophora
(Sophora alopecuroides L.), Lambsquarters (Chenpodium album L.) (Figure 2f), Erect Milkvetch
(Astragalus adsurgens Pall.) (Figure 2j), Daghestan Sweetclover (Melilotus suaveolens Ledeb.)
(Figure 2k), Lespedeza (Lespedeza bicolor Turcz.) (Figure 2l), White Thorn (Nitraria tanguto-
rum Bobr.) (Figure 2p), Carex spp., etc.; among them, the seeds of Lespedeza dominated

https://c14.arch.ox.ac.uk/oxcal.html
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the weed seed assemblage (38.89%). The absolute counts of all carbonized seeds from all
samples are listed in Table S1, with images presented in Figure 2.
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Qijia cultures migrated from the east, while the Xicheng culture was the continuation of 
the earlier Machang [49,56]. 

The Machang culture (4300–4000 BP) is considered the last Neolithic culture in the 
ancient Hexi Corridor. Based on the archaeobotanical results of all Machang (4300–4000 
BP) cultural sites, the agricultural economy was predominately reliant on millets. Num-
bers of carbonized millet from Machang sites are recorded as 484 at Duojialiang, 592 at 
Shuikou, 552 at Xitai, five at Guandi, 2993 at Xinzhai, 2556 at Xihetan, 381 at Mozuizi, 57 
at Maolinshan, 599 at Guojiashan, and 208 at Qipanshan, respectively (Figure 3) [21,Error! 
Reference source not found.]. Although some carbonized wheat seeds were found in Ma-
chang archaeological contexts, radiocarbon dating on these seeds indicate these are very 

Figure 2. Carbonized plant seeds unearthed from Haizang site in the Hexi Corridor. (a) Foxtail millet
(Setaria italica); (b) Broomcorn millet (Panicum miliaceum); (c) Wheat (Triticum aestivum); (d) Barley
(Hordeum vulgare L.); (e) Bristlegrass (Setaria viridis (L.) Beauv.); (f) Lambsquarters (Chenpodium
album L.); (g) Garden Sorrel (Rumex acetosa L.); (h) Common Knotweed (Polygonum aviculare L.);
(i) Sedge (Carex L.); (j) Erect Milkvetch (Astragalus adsurgens Pall.); (k) Daghestan Sweetclover
(Melilotus suaveolens Ledeb.); (l) Lespedeza (Lespedeza bicolor Turcz.); (m) Foxtail-Like Sophora (Sophora
alopecuroides L.); (n) Sea-Buckthorn (Hippophae rhamnoides Linn.); (o) Siberian Cockbur (Xanthium
sibiricum Patrin.); and (p) White Thorn (Nitraria tangutorum Bobr.); (All scale bar = 1 mm).

5. Discussion
5.1. Agricultural Economic Transformations in the Hexi Corridor around 4000 BP

Through comparisons with previously published carbonized plant seed assemblages,
accurate radiocarbon dating, and our new data, we can document agricultural trans-
formations in the ancient Hexi Corridor. Three prehistoric cultures existed in the Hexi
Corridor around 4000 BP: the Machang (4300–4000), Xichengyi (4000–3600 BP), and Qijia
(4000–3600 BP) [51]. Previous archaeological studies argue that the Machang and Qijia
cultures migrated from the east, while the Xicheng culture was the continuation of the
earlier Machang [49,56].

The Machang culture (4300–4000 BP) is considered the last Neolithic culture in the
ancient Hexi Corridor. Based on the archaeobotanical results of all Machang (4300–4000 BP)
cultural sites, the agricultural economy was predominately reliant on millets. Numbers of
carbonized millet from Machang sites are recorded as 484 at Duojialiang, 592 at Shuikou, 552
at Xitai, five at Guandi, 2993 at Xinzhai, 2556 at Xihetan, 381 at Mozuizi, 57 at Maolinshan,
599 at Guojiashan, and 208 at Qipanshan, respectively (Figure 3) [21,53]. Although some
carbonized wheat seeds were found in Machang archaeological contexts, radiocarbon
dating on these seeds indicate these are very likely mixed from later stratum, because the
chronologies were 3316–3073 cal a BP, 3697–3485 cal a BP, and 3632–2953 cal a BP, belonging
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to Mozuizi, Maolinshan, and Guojiashan sites, respectively [18,21,28]. Supporting the
reliance on millet, in human and pig remains dating to the Machang period, dietary isotopic
evidence (δ13C values) indicates strong C4 (millet) signals [23,28]. This demonstrates that
the Machang agricultural economy in the Hexi Corridor was a dry-land farming system
dominated by millet cultivation, with little to no cultivation of wheat and barley.
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Figure 3. Percentage of charred crop seeds unearthed from Machang culture, Xichengyi culture
and Qijia culture sites in the Hexi Corridor. DJL, SK, XT, GD, XZ, XHT, MZZ, MLS, GJS, QPS, XCY,
HSL, GGW, YGDWN, YGDWN2, HNNT, LJGL, and HZ represents Duojialiang, Shuikou, Xitai,
Guandi, Xinzhai, Xihetan, Mozuizi, Maolinshan, Guojiashan, Qipanshan, Xichengyi, Huoshiliang,
Ganggangwa, Yigediwonan, Yigediwonan2, Huangniangniangtai, Lijiageleng, and Haizang.

The Xichengyi culture (4000–3600 BP) represents the continuation of the Machang cul-
ture, with some notable differences in the Hexi Corridor. Supplementing millet cultivation,
wheat occasionally appears during the Xichengyi period. There are abundant carbonized
millet seeds identified at all Xichengyi archaeological sites: 6664 millets representing 100%
of crop seeds at Xichengyi, 1211 representing 97.66% at Huoshiliang, 154 representing
96.25% at Ganggangwa1, 24 representing 88.89% at Yigediwanan, 24 representing 100% at
Yigediwonan2, 137 representing 93.19% at Ganggangwa, and 14,821 representing 99.32%
at Huoshiliang, respectively (Figure 3) [21,53,57]. Diverging from an exclusive focus on
millets, sporadic wheat was found at the Huoshiliang, Ganggangwa, and Yigediwonan
sites (no wheat was found in the Xichengyi contexts at the Xichengyi site and Yigedi-
wonan2 site) [21,53,57]. These wheat seeds represent less than 3% of archaeobotanical
assemblages (three wheat at Huoshiliang, two wheat at Ganggangwa, and one barley at
Yigediwonan) [21,53,57]. This may represent the minor economic importance of the newly
introduced cereal crops during the Xichengyi period in the Hexi Corridor. Dietary isotopic
analysis from the Huoshiliang and Ganggangwa sites also supports the heavy dependence
on millet cultivation during the Xichengyi culture [58].

The Qijia culture (4000–3600 BP) originated from the middle and eastern Gansu-
Qinghai region, and it spread westward to the eastern Hexi Corridor around
4000 BP [49,51,59–61]. Based on comprehensive sampling at Haizang, our analysis indicates
millet-based agriculture remained predominant in the Hexi Corridor during the Qijia pe-
riod around 3899–3601 cal a BP (Tables 1 and S1; Figures 2 and 3). At the Haizang site, 2901
carbonized foxtail millet seeds and 661 carbonized broomcorn millet seeds were identified
from 122 soil samples (Table S1 and Figure 2), comprising 79.47% of all total carbonized
plant seeds (Figure 3). This corroborates the previous sampling: the 329 carbonized foxtail
millet seeds and 188 carbonized broomcorn millet seeds from the Huangniangniangtai
site (90.07% of total carbonized seeds) (Figure 3) [21], and 1435 carbonized foxtail millet
seeds and 1103 carbonized broomcorn millet seeds from the Lijiageleng site (83.55% of
total carbonized seeds) [53]. Simultaneously, wheat and barley cultivation became less
sporadic, and it supplemented Qijia agricultural activities in the Hexi corridor [18,21,22].
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At Haizang, from 122 soil samples we document increasing numbers of wheat and barley:
632 carbonized wheat seeds representing 14.33% of the assemblage, and 36 carbonized
barley seeds representing 0.82% of the assemblage (Figure 3). This result confirms previous
sporadic sampling: 181 carbonized wheat grains (5.96%) and 291 carbonized barley grains
(9.58%) found in the Lijiageleng site [28,53], and the 18 carbonized wheat seeds recovered
from the Huangniangniangtai site [21]. Animal stable isotopic evidence at Lijiageleng also
suggests increasing proportions of C3 plants (probably wheat, barley, and C3 grass) likely
came from wheat [28]. Our analysis, in conjunction with prior studies, concludes that
the agricultural economies of the Hexi corridor were dominated by millets, increasingly
supplemented by wheat and barley during the Qijia period.

The agricultural economies of the Hexi Corridor shifted significantly around 4000 BP,
transitioning from the near exclusive cultivation of millets, to one based on the supplemen-
tary use of wheat and barley.

5.2. Influencing Factors on the Agricultural Economic Transformations in the Hexi Corridor
around 4000 BP

Climate change is often argued as a key driving force of prehistoric agriculture and
civilization [31,38,62,63]. Scholars argue that favorable climates promote agricultural activ-
ity and experimentation, increasing economic and dietary breadth, leading to flourishing
cultures [40,64,65]. Conversely climatic deterioration has been often argued to result in
cultural collapse and diminished prehistoric agricultural activity [21,30,31,34,66–68].

Many paleoclimate studies indicate a warm and wet climate in the Hexi Corridor dur-
ing the Machang period (4300–4000 BP) [69–71]. The favorable climate likely supported the
Machang culture’s growth in the Hexi Corridor, with settlements expanding significantly
during this period. During 4300–4000 BP, Machang groups occupied almost the entirety of
the Hexi Corridor, encompassing the alluvial areas and river terraces of the Qilian Mountain
piedmont plain [48,53]. These areas were ideally suited for rain-fed millet agriculture. The
presence of high proportions of carbonized millet seeds and low proportions of carbonized
weed seeds implies that human populations, technology, and knowledge had grown and
strengthened between 4300–4000 BP [21,53]. Benefited by the warm and wet climate, the
Machang culture expanded from east of Hexi Corridor to the west, simultaneously spread-
ing millet-based agriculture. This agricultural system supported a growth in population
during the Machang period.

The warm and wet climate did not last. During the “4.2 ka cold event”, the climate
in northern China tended toward dry and cold, and the climate deteriorated in the Hexi
Corridor [69,71–73]. Due to millet’s low frost tolerance, during this time of climate dete-
rioration, millet production likely was seriously affected [74–77]. A frost-tolerant wheat
crop was introduced into the Hexi Corridor at this time [18]. The introduction of Eurasian
large cereal crops such as wheat and barley likely made up for any impacts on millet
agriculture from an increasingly poor climate. In the Hexi Corridor by 4000 BP, wheat and
barley effectively supplemented the millet-dominated agricultural economy at Haizang
and other Qijia sites. An indications of the climatic impacts is the migration of peoples
from the high-altitude piedmont alluvial plains to the low-altitude corridor plains and river
platforms after 4000 BP [48,53]. The difficulties from colder and drier climate conditions
led people to choose areas with lower altitude and higher temperatures.

Xichengyi culture is a “transitional” Neolithic to Bronze culture in the Hexi Corri-
dor [51,53,78]. In the early stages of the Xichengyi, the scope of activities of Xichengyi
were much the same as that of Machang, reaching to the western border of Hexi Corridor
(Figure 1). Influenced by the “4.2 ka BP cold event”, Xichengyi settlements gradually
withdrew to the east of the Hexi corridor, at the junction of Xichengyi and Qijia. With
the pressure of climatic deterioration, the Qijia peoples shifted to the Xichengyi practice
of wheat and barley planting to supplement millet agriculture. This is supported by the
earlier planting of Eurasian large cereals by the Xichengyi. All direct radiocarbon dates
from carbonized wheat seeds unearthed from Xichengyi sites predate those of the Qijia in
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the Hexi Corridor (Tables 1 and S1) [21,28]. Direct radiocarbon dating on carbonized wheat
seeds unearthed from Ganggangwa and Huoshiliang sites, belonging to the Xichengyi
culture, are 4085–3843 cal a BP and 3979–3702 cal a BP, respectively, which were earlier
than 4076–3695 and 3804–3601 cal a BP from the Huangniangniangtai site and Haizang site
belonging to the Qijia culture (Tables 1 and S1) [18,21,28]. Therefore, Xichengyi people may
be the first people in the Hexi Corridor to adapt to the cold and dry climate by planting
wheat and barley crops, and then they spread them to the Qijia people. This earlier adop-
tion of frost-tolerant wheat and barley by the Xichengyi is likely due to their earlier access
provided by the areas of the Hexi Corridor they inhabited (Figure 1).

From our findings, we find that during climatic pressures around 4000 BP, these two
groups of people supplemented endangered millet agriculture with newly introduced
wheat and barley. In addition to this adaptive strategy, Xichengyi and Qijia peoples
migrated to areas more suitable for rainfed millet agriculture: the alluvium and river
terraces of the piedmont plain of the Qilian Mountains.

6. Conclusions

The warm and wet climate promoted the expansion of the Machang Culture with
millet-based agriculture, yet this was not sustainable in times of harsher climatic conditions.
At the Haizang site, Qijia peoples relied on millet dominated agriculture, yet in-creased
their use of wheat crops from 3899–3601 cal a BP. This agricultural mode, while still relying
on millet, represents a key diversification in agricultural strategies from the purely millet-
based practices of the earlier Machang period.

The economic transformations of agricultural production likely occured in response
to climatic degeneration caused by global cooling from the “Holocene Event 3” around
4000 BP. Xichengyi sites shifted slightly earlier than Qijia people, likely due to receiving
wheat crops earlier. At Haizang and other Qijia sites around 4000 BP, people likely increased
their use of wheat and barley beyond that of the Xichengyi to mitigate risk and support a
diversified agricultural economic system.
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