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Abstract: Abrupt climate events profoundly impact human societies, both environmentally and
socially. However, existing research predominantly concentrates on immediate responses, over-
looking long-term consequences. This study, centered on the Guojiazaoyuan site in the southern
Loess Plateau, explores the enduring effects of a 5.3-ka BP climate event that transformed the lo-
cal subsistence system. Through detailed analysis of archaeobotanical evidence, specifically floral
remains dating to 4800–4300 BP obtained via flotation, significant post-event shifts in agricultural
practices and food strategies are revealed. Notably, there is a clear prioritization of foxtail millet
cultivation, a shift towards diversified food sources, and the introduction of new livestock. These
changes represent strategic adaptations aimed at bolstering resilience and reducing vulnerability to
future climatic challenges. The southern Loess Plateau developed an agricultural pattern with foxtail
millet as the dominant crop, although different patterns were observed in surrounding regions during
the early Longshan period (4800–4300 BP). Emphasizing the importance of a long-term perspective,
particularly in agriculture and food security, the findings contribute to a broader understanding of
how ancient societies coped with environmental changes. These insights are pertinent to ongoing
discussions on climate resilience and sustainable agriculture.

Keywords: Guojiazaoyuan site; foxtail millet; early Longshan period; southern Loess Plateau

1. Introduction

A growing body of evidence shows that climatic and environmental factors influenced
ancient human society and agricultural development [1,2]. Favorable climates promote
agricultural growth, population expansion, and societal growth. Climatic events can
adversely impact agricultural development, prompting ancient people to adjust and employ
subsistence strategies to address the crises originating from such impacts. However, few
scholars investigate the long-term adaptive changes that communities can make to reduce
their vulnerability to future climate conditions [3,4]. During severe climatic events, people
try to survive by altering their subsistence strategies and improving their production
techniques. After a disaster, the unfavorable memory of the impact of past climate events
would drive people to enhance their resilience during the harsh time. As a result, it is
essential to apply a long-term perspective to observe the social-ecological responses to
climate impacts [4–6]. Archaeobotanical research can offer valuable information about
the long-term changes in local subsistence, thus allowing us to investigate how societies
developed new strategies to reduce the vulnerability of their subsistence systems and
enhance community resilience.
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As independent centers of millet and rice domestication, China could offer valuable in-
formation about how people adjusted their agricultural strategies to survive climate events
and increase their resilience for future events. However, the most extensive research has
focused on the immediate responses of societies to either favorable or detrimental climate
events. For example, the favorable climate conditions around 6000–5500 BP impacted the
transition of millet agriculture [7–9] and the collapse and re-organization of Late Neolithic
societies during the 4.2-ka BP climate event [10]. Insufficient research has been conducted
on the long-term impacts of climate events on the development of agriculture and societies.

Focusing on the archaeobotanical evidence from the Guojiazaoyuan site, we examine
the long-term consequences of a 5.3-ka BP climate event (lasting from 5500 BP to 4900 BP or
later) that eventually transformed the local subsistence system at the southern Loess Plateau.
The radiocarbon data indicate that the Guojiazaoyuan site was dated to 4850–4400 cal. BP,
right after the 5.3-ka BP event. Based primarily on the floral evidence obtained through
flotation, we argue that the local people at Guojiazaoyuan established new subsistence
strategies. These strategies included prioritizing foxtail millet, maintaining a diversified
food supply, and introducing new livestock to increase resilience and reduce the vulnerabil-
ity of society. Foxtail and broomcorn millet were the two most important crops in northern
China during the Neolithic period [11]. Though substantial archaeobotanical works have
been conducted in the Southern Loess Plateau [12–18], the exact timing, background, and
mechanisms behind the establishment of the absolute dominance of foxtail millet in the
region remain unclear. The results from Guojiazaoyuan can help to elucidate foxtail millet
cultivation during the early Longshan period (4800–4300 BP) and examine crop choices
and agricultural development patterns. The research argues for a long-term perspective to
examine the impact of and responses to past climate events.

2. Research Area

The southern Loess Plateau, including the southern areas of the Shanxi and Shaanxi
provinces, is one of the core regions for the origin and development of complex societies in
China. The geographical units of the southern Loess Plateau encompass the Linfen Basin,
the Yuncheng Basin in the southern Shanxi province (Jinan region), and the Weinan Basin
in the southern Shaanxi province (Guanzhong region). The major rivers in the area include
the Yellow, Fen, and Wei Rivers. The soil is fertile, and there is an abundant water supply.
The Neolithic period in this area has a well-established chronology: the early Yangshao
(7000–6000 BP), middle Yangshao (6000–5500 BP), late Yangshao (5500–4800 BP), early
Longshan (4800–4300 BP), and late Longshan period (4300–3800 BP) [19,20].

The Guojiazaoyuan site (111◦01′26′′ E, 35◦26′05′′ N) is located southwest of Xiawangyin
village, Jishan County, Yuncheng City, Shanxi Province, China (Figure 1). It is situated at the
southern end of the Linfen Basin on the Emei Platform, with the Fen River flowing into the
Yellow River north of the site [21]. The total area of the site is approximately 1,000,000 m2.
In September 2009, the Shanxi Provincial Institute of Archaeology excavated the site, cover-
ing an area of approximately 2300 m2. The site has rich cultural content, primarily from
the Neolithic period [22]. The late Yangshao and Maidigou II culture remains of the site
were challenging to differentiate and were quite similar in terms of dating. Thus, this study
classified them as belonging to the early Longshan period (4800–4300 BP).
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6. Anban; 7. Shimao; 8. Dadiwan; 9. Liangchengzhen.

3. Materials and Methods

The research materials used in this study were obtained from the excavation of the
Guojiazaoyuan site in 2009, and we focused on the Neolithic period. Flotation samples
were collected during the excavation. A total of 43 samples were obtained, sourced from
39 different archaeological features, with a combined volume of 446 L. On average, each
sample amounted to 10.37 L. One flotation sample was obtained from a kiln, and the
remaining were from ash pits (Table 1).

Table 1. The context of Flotation Samples from the Guojiazaoyuan site.

Unit Type Number of Units Number of Samples Sample Volume (L)

Ash Pit 38 42 426
Kiln 1 1 20
Total 39 43 446

The small-bucket flotation [23] method was employed to collect charred plant remains
from flotation samples. Subsequently, classification, identification, statistical analysis, and
photography were conducted in the Archaeobotany Laboratory at Shandong University.
The plant remains were primarily observed using a Nikon SMZ-645 stereomicroscope
(Nikon Corporation, Nanjing, Jiangsu Province, China), and the photos of the seeds were
taken with a Leica S9I microscope (Leica Corporation, Wetzlar, Germany) and LAS X 3.0.14
software. These plant remains were compared with modern plant seed specimens in the
laboratory’s collection. In addition, plant identification was aided by referencing relevant
botanical identification manuals and guidelines [23–27].

4. Results
4.1. Chronology

Six samples of charred plant seeds from the Guojiazaoyuan site were sent to the Beta
laboratory for AMS 14C dating (Table 2). Among these, the radiocarbon dating result of
a charred wheat sample from ash pit H38 indicated a recent disturbance, whereas the



Agronomy 2024, 14, 105 4 of 19

calibrated dating data of the remaining five samples fell within the 4850–4400 BP range.
The radiocarbon dating aligns with the chronology derived from archaeological remains.

Table 2. Radiocarbon dating results of charred plant seeds from the Guojiazaoyuan site.

Lab Code Dated Material Context No. Uncalibrated
14C Date (BP)

Calibrated Data (Cal. BP)

2σ (95.4%)

Beta-333389 Foxtail Millet H100 4180 ± 30 4590–4840
Beta-333387 Foxtail Millet H70 4150 ± 30 4580–4830
Beta-628155 Rice H38 4120 ± 30 4526–4817
Beta-333388 Foxtail Millet H38 4070 ± 30 4440–4800
Beta-628158 Soybean H117 4060 ± 30 4423–4792
Beta-628156 Wheat H38 170 ± 30 0–290

4.2. Charred Plant Remains

The charred plant remains excavated from the Guojiazaoyuan site included charred
wood fragments, plant seeds, and fruits. Charred wood fragments larger than 1 mm were
selected and weighed; their total weight was 34.7 g. The average density of these fragments
was approximately 0.08 g/L.

A total of 34,420 charred plant seeds and fruits were found in the samples. Among
these, there were 2512 fragments of unidentifiable charred plant seed fragments. These
fragments varied in size and were mostly the remains of millet and legume seeds. Due to
severe damage, the unidentifiable fragments were excluded during data analysis to avoid
affecting the data of other plant seeds. This amounted to 31,908 charred plant seeds and
fruits with a density of approximately 72 pieces per liter (Table 3). Sample FX027, from
ash pit H70, contained 22,866 charred foxtail millet seeds. After excluding this outlier, the
density of charred plant seeds and fruits was 20 pieces per liter (Figure 2).

Table 3. Summary of charred macro-botanical remains from the Guojiazaoyuan Site.

Category Plant Taxa Counts Percentage
(n = 31,908)

Number of
Samples

Ubiquity
(n = 43)

Crops

Setaria italica 29,505 92.47% 38 88.37%
Panicum miliaceum 1034 3.24% 21 48.84%
Triticum aestivum 3 0.01% 1 2.33%

Oryza sativa 1 0.01% 1 2.33%
Glycine max 80 0.25% 3 6.98%

Weeds

Fabaceae
Lespedeza sp. 645 2.02% 15 34.89%
Melilotus sp. 201 0.63% 14 32.56%

Kummerowia striata 2 0.01% 1 2.33%
Cassia nomame 1 0.01% 1 2.33%

Other 1 0.01% 1 2.33%
Panicoideae
Setaria viridis 338 1.06% 10 23.26%

Digitaria sanguinalis sanguinalis 2 0.01% 1 2.33%
Other 4 0.01% 1 2.33%

Chenopodiaceae
Chenopodium sp. 11 0.03% 4 9.30%
Kochia scoparia 2 0.01% 1 2.33%
Euphorbiaceae

Acalypha australis 5 0.02% 3 6.98%
Polygonaceae 3 0.01% 2 4.65%
Compositae 1 0.01% 1 2.33%
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Table 3. Cont.

Category Plant Taxa Counts Percentage
(n = 31,908)

Number of
Samples

Ubiquity
(n = 43)

Nuts and fruits
Vitis sp. 1 0.01% 1 2.33%

Nutshells 1 0.01% 1 2.33%

Unknown Unknown 67 0.21% 9 20.93%

Total 31,908 100.00%
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Figure 2. Selection of charred plant remains from Guojiazaoyuan. (a) foxtail millet (Setaria italica);
(b) broomcorn millet (Panicum miliaceum); (c) rice (Oryza sativa); (d) soybean (Glycine max); (e) green
foxtail (Setaria viridis); (f) Lespedeza (Lespedeza sp.); (g) Melilotus (Melilotus sp.); (h) copperleaf
(Acalypha australis); (i) grape genus (Vitis sp.) (Scale bar: 1 mm).

A total of 30,623 crop remains were found, significantly outnumbering other types.
They accounted for 95.57% of the total macro-botanical remains (31,908). In one unit,
22,866 foxtail millet pieces were found; however, after excluding this outlier, the crop count
was 7757, accounting for 85.79% of the total plant remains (9042). The ubiquity of crops
and other macro-botanical remains did not significantly differ. The ubiquity of crops and
others was 88.37% and 65.12%, respectively (Figure 3).
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Figure 3. The percentage and ubiquity of crops and others (other macro-botanical remains, including
weeds, nuts, fruits, and unknowns).

4.2.1. Crops

There were 30,623 crop remains, which were reduced to 7757 after excluding outliers.
The remains included foxtail millet (Setaria italica), broomcorn millet (Panicum miliaceum),
rice (Oryza sativa), and soybean (Glycine max), with wheat (Triticum aestivum) as a late
intrusion (Figure 4).
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Figure 4. The percentage and ubiquity of different crops.

Foxtail millet (29,505) accounted for 96.35% of the crop remains, and 77.5% of the
carbonized foxtail millet was unearthed from ash pit H70. Even after excluding outliers,
it still accounted for a high percentage of 85.59%. The ubiquity of foxtail millet was also
extremely high (88.37%).

The broomcorn millet contained 1034 grains, accounting for 3.37% of the crop remains,
with a ubiquity of 48.84%. Broomcorn millet was relatively concentrated; 68.67% was
discovered in ash pit H100, totaling 710 grains.



Agronomy 2024, 14, 105 7 of 19

Only one grain of rice was found; the grain, which came from ash pit H38, originated
4526–4817 cal BP according to radiocarbon dating. This rice grain is flat and small (3.51 mm
long, 1.69 mm wide, and 1.13 mm thick, with a length-to-width ratio of 2.08).

There were 80 soybeans, 77 of which were obtained from ash pit H117. The soybeans
exhibit a high degree of bursting and contain more voids after carbonization. Some of them
retain remnants of the seed coat and hilum. Among these soybeans, 15 were relatively
intact, whereas 65 were fragmented. The charred soybeans are relatively long, and the bean
cotyledons are slightly flattened. Among them, eight soybeans have lengths and widths
of 3.34–4.17 and 1.92–2.64 mm, respectively. The average length and width are 3.74 and
2.15 mm, respectively.

Only three wheat grains were found; one is intact, and two are partially damaged.
All of them were obtained from ash pit H38. Wheat originated in West Asia and was
introduced to China approximately 5000 years ago [28,29]. However, the intact grain was
radiocarbon-dated to the modern period, approximately 135–230 cal BP, suggesting that
the wheat remains were late intrusions or contaminants.

4.2.2. Weeds, Nuts, and Fruits

The non-crop remains mainly comprised of weed seeds, with few nuts and fruits. A
total of 1216 weed seeds were found, representing 3.81% of the charred plant remains with
a ubiquity of 51.16%. The weed species included Panicoideae, Fabaceae, Chenopodiaceae,
Polygonaceae, Compositae, and Euphorbiacea (Figure 5).
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Figure 5. The percentage and ubiquity of different families of weed seeds.

A total of 850 legume weed seeds were identified, accounting for 69.9% of the weed
seeds, with an emergence ubiquity of 41.86%. Lespedeza and Melilotus seeds were the
most abundant and were primarily concentrated in ash pits H117 and H127. A total of
344 grains from Panicoideae were identified, accounting for 28.29% of the weed seeds,
with an emergence ubiquity of 23.26%. Among these, green foxtail (Setaria viridis) was the
predominant species. Furthermore, 67.75% of the green foxtail seeds were unearthed from
ash pit H127, and 11 and 5 grains of Chenopodium and copperleaf (Acalypha australis) were
identified, respectively.

In addition to weed seeds, non-crop plant remains included a few nuts and fruits,
including one grape seed and one nutshell.
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5. Discussion
5.1. The 5.3-ka BP Climate Event and Its Immediate Social Impact

The relationship between human society, climate, and environment has always been a
focal point across multiple disciplines. Approximately 5500–5000 years ago, multi-index
environmental records indicated significant climate fluctuations. The impact of this climate
event varied by region, and environmental changes temporally differed in certain regions.
The analysis of the multi-index environmental records of the Holocene loess section in
the Weinan basin of the Guanzhong region suggested a brief cold and arid period during
5500–5000 BP [30]. This might be related to the decline of the Yangshao culture, which
flourished for over 2000 years, by the Longshan culture [30].

Based on the analysis of sedimentary materials from the Yuncheng Salt Lake, it was
referred to as the 5.3-ka BP climate event [31]. Its impact on the ancient culture of the
Yuncheng Basin was reflected in the reduction of Yangshao late-stage Xiwangcun-type
sites and a decrease in their distribution elevation [31]. However, other scholars have
referred to it as the 5-ka BP climate event and argued that it manifested in various areas
of China’s monsoon region [32]. The most distinct records are in the northern monsoon
region and the Tibetan Plateau, represented by significant aridity. This event began around
5.6–5.5 ka BP and peaked at approximately 5.0 ka BP [32]. The end time is not mentioned
by scholars [33,34], but most likely after 4.9 ka BP in the southern loess plateau because of
the decrease in site number observed in the Linfen Basin after 4.9 ka BP [35].

This climate event had some impacts on the development of society. Some archaeolo-
gists believe that the 5-ka BP extreme dry-cold event caused significant shifts in cultural
patterns, resulting in a long-term “void” in agricultural culture in the central-southern
region of Inner Mongolia after 5000 BP [36]. In the Linfen Basin of Shanxi Province, the num-
ber of Xiwangcun culture sites per century plummeted from 0.21 to 0.034 after 4.9 ka BP [35].
Since 5500 BP, the early core areas of China, South Shanxi, and West Henan Provinces,
have relatively declined [37]. Cultural variations were observed in the northern region
and central-southern Henan, and cultures east of the Taihang Mountains have become
more prominent. A significant expansion of the Dawenkou culture in the Haidai region has
been observed. The cooling around 5500 BP sparked a new migration wave in prehistoric
China [38]. This migration primarily manifested as movement from the periphery to the
central areas and from the highlands to dry and habitable lowlands. The result of migration
was the exploitation of resources, implying that multiple social communities partitioned
the same resources. Regional systematic archaeological surveys in the central-eastern area
of the Luoyang Basin showed that the number of late-Yangshao-period sites significantly
exceeds that of the middle-Yangshao-period sites [39]. The archaeological cultural features
indicate a late-Yangshao-period trend of “chasing deer in the Central Plain” (competing for
dominance in the Central Plain).

5.2. Revive after Recession

Following the 5.3-ka BP climate event was the early Longshan Period (4800–4300 BP)
with a warm climate [30,40–42]. Based on the archaeobotanical results from the Guoji-
azaoyuan site, we argue that, despite inhabiting a favorable climate, the lingering impact
of severe climatic events compelled people to develop a new subsistence strategy. This
adaptation aimed to bolster their resilience in the face of adverse climatic conditions. They
chose foxtail millet as their primary crop because of its high annual yield and suitability for
long-term storage. Following the establishment of foxtail millet as the absolute dominant
crop, people at the site developed sophisticated storage techniques. Meanwhile, they also
maintained a diversified crop structure and introduced cattle and sheep husbandry as a
new subsistence practice.

5.2.1. Foxtail Millet as the Absolute Dominant Crop

A substantial number of charred plant seeds and fruits were identified at the Guo-
jiazaoyuan site during the Neolithic period, with crops being the predominant finding.
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The crops included foxtail millet, broomcorn millet, rice, and soybeans, representing a
typical early dryland farming tradition. However, at the Guojiazaoyuan site, foxtail millet
established an absolute advantage in terms of quantity and ubiquity. Following foxtail
millet are small proportions of broomcorn millet, rice, and soybeans.

The quantity of foxtail millet at the Guojiazaoyuan site was about 28 times that of
broomcorn millet. The proportion of foxtail millet was notably high (almost 30,000 grains),
with one sample from an ash pit containing nearly 23,000 grains. Throughout the southern
Loess Plateau, the quantity of foxtail millet significantly increased during the early Long-
shan period, with a foxtail millet to broomcorn millet ratio of 7.67, considerably higher than
that of the late Yangshao period (3.23) (Figure 6). The dominance of foxtail millet was firmly
established at this time. After the disaster, people chose foxtail millet as their primary
cultivation crop. Agricultural development was evident in the increased proportion of
foxtail millet and in the significant increase in crop seed density during the early Longshan
period, which was 36.82 grains/L, considerably higher than that of the late Yangshao
period (8.82 grains/L). The density of foxtail millet increased from 6.86 to 31.29 grains/L,
whereas broomcorn millet increased only slightly, from 1.89 to 4.13 grains/L (Figure 7).
The increased seed density per unit of flotation sample was closely related to the improved
crop yield. (The data used to analyze Figures 6–10 came from a dataset of archaeobotanical
macro-remains reported by He [7], with several newly reported site details added here).

We argue that people chose foxtail millet as their primary crop type for several rea-
sons. First, foxtail has a higher potential to increase annual yield compared to broomcorn
millet [43–45]. Although foxtail millet requires more water to grow and is less tolerant to
cold and drought, its annual yield could significantly increase with more labor input, i.e.,
irrigation and fertilization. For broomcorn, however, even with additional labor input, the
annual yield does not make much difference [46]. Thus, with the warm and wet climate
following the 5.3-ka BP event, people would prefer to use foxtail millet for higher yields.

Agronomy 2024, 14, x FOR PEER REVIEW 9 of 19 
 

 

5.2.1. Foxtail Millet as the Absolute Dominant Crop 
A substantial number of charred plant seeds and fruits were identified at the 

Guojiazaoyuan site during the Neolithic period, with crops being the predominant find-
ing. The crops included foxtail millet, broomcorn millet, rice, and soybeans, representing 
a typical early dryland farming tradition. However, at the Guojiazaoyuan site, foxtail mil-
let established an absolute advantage in terms of quantity and ubiquity. Following foxtail 
millet are small proportions of broomcorn millet, rice, and soybeans. 

The quantity of foxtail millet at the Guojiazaoyuan site was about 28 times that of 
broomcorn millet. The proportion of foxtail millet was notably high (almost 30,000 grains), 
with one sample from an ash pit containing nearly 23,000 grains. Throughout the southern 
Loess Plateau, the quantity of foxtail millet significantly increased during the early 
Longshan period, with a foxtail millet to broomcorn millet ratio of 7.67, considerably 
higher than that of the late Yangshao period (3.23) (Figure 6). The dominance of foxtail 
millet was firmly established at this time. After the disaster, people chose foxtail millet as 
their primary cultivation crop. Agricultural development was evident in the increased 
proportion of foxtail millet and in the significant increase in crop seed density during the 
early Longshan period, which was 36.82 grains/L, considerably higher than that of the late 
Yangshao period (8.82 grains/L). The density of foxtail millet increased from 6.86 to 31.29 
grains/L, whereas broomcorn millet increased only slightly, from 1.89 to 4.13 grains/L 
(Figure 7). The increased seed density per unit of flotation sample was closely related to 
the improved crop yield. (The data used to analyze Figures 6–10 came from a dataset of 
archaeobotanical macro-remains reported by He [7], with several newly reported site de-
tails added here). 

 
Figure 6. Historical changes of the average ratio of foxtail millet to broomcorn millet in the southern 
Loess Plateau. (Average of ratios of foxtail millet to broomcorn millet from different sites). 

0

2

4

6

8

10

12

Early Yangshao
（n=14）

Middle Yangshao
（n=12）

Late Yangshao
（n=7）

Early Longshan
（n=14）

Late Longshan
（n=14）

Fo
xt

ai
l m

ill
et

 to
 b

ro
om

co
rn

 m
ill

et

Commented [M2]: I have changed Figure 6 so that 
all the brackets are in one line.

Figure 6. Historical changes of the average ratio of foxtail millet to broomcorn millet in the southern
Loess Plateau. (Average of ratios of foxtail millet to broomcorn millet from different sites).
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Figure 7. The average seed density of crops, foxtail millet, and broomcorn millet, in the southern
Loess Plateau during different periods. (Average of densities from different sites).
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Figure 8. Concentrated distribution of crops in key contexts from the Guojiazaoyuan site and Sushui
River survey in the Early Longshan period.

Second, after surviving the climate events, people developed new techniques to
manage their farmland and were willing to input more labor for a higher outcome. One
effective method is to apply fertilization techniques in farm management to alleviate the
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limitations of the soil fertility of the Loess Plateau. Research at the Dadiwan site in the
Loess Plateau and the Baishui River Valley in Shaanxi Province revealed a significant
increase in nitrogen isotope values in millet, indicating persistent fertilization practices
that began 5500 years ago [47,48], more or less contemporaneous with the beginning of
the 5.3-ka BP event. With the successful experience of surviving the harsh time, people
on the Loess Plateau must have realized that fertilization promoted the development of
millet farming, thereby increasing crop yield. The significant increase in foxtail millet
yields at the Guojiazaoyuan site suggests that fertilization techniques were being practiced.
The proportion of broomcorn millet was significantly lower than that of foxtail millet
during the early Longshan period. It is reasonable to speculate that people at the time
enhanced new farmland management methods and increased labor investment to promote
the yield of foxtail millet. Thus, foxtail millet received increasing attention and became the
preferred crop.
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Figure 9. The ubiquity of crops from different periods in the Southern Loess Plateau. (Number of
sites unearthing specific charred crop seeds/number of sites with macro-plant remains work).

The third reason is that foxtail is more suitable for long-term storage. Abundant food
storage is an essential method for surviving unexpected climatic and social situations.
This is especially important for people with memories of hunger during times of scarcity.
According to Wang Zhen Nong Shu (Wang Zhen’s treatise on agriculture), foxtail millet
is among the most durable grains, capable of withstanding aging for long-term storage,
and the recommended method for such storage is utilizing underground cellars [49]. Wang
noted that the deep and fertile soils in the northern regions made it favorable to excavate
underground cellars to store grains, enabling them to remain intact for several decades
without deterioration.

At the Guojiazaoyuan site, 77.5% of all foxtail millet, 22,866 grains (flotation unit
FX027), were found in pit H70. There were almost no cultural artifacts. It is speculated that
this pit was an underground storage chamber for grains. The proportions of cultivated
crops among all the charred plant seeds in ash pits H70, H100, H118, and H38 at the site
exceeded 97% (Figure 8). Concentrated crop distribution was relatively common in the early
Longshan period on the southern Loess Plateau. The results of the Sushui River survey
show that outlier units (units with extremely high crop concentration) were observed in
the early Longshan period, and the number of crops in the HGII2S unit was 17,873, 91% of
which were foxtail millet [18]. There are three archaeological units (HGII2S, SCV2W, and
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DTB6) in which the proportion of crops exceeded 90% (Figure 8). These ash pits may be
related to storage practices. In contrast, such units were rarely reported in the pre-Longshan
period. In fact, only one case was found at the Yuhuazhai site [7,12]. The presence of outlier
units indicates an improvement in ancient storage techniques.
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Figure 10. Three regions and their agricultural patterns. (a) The location of the three regions (sites
with macro-plant remains). (b) The percentage of crops in the northern Loess Plateau from different
periods (average of percentages from different sites). (c) The percentage of crops in the Southern
Loess Plateau. (d) The percentage of crops in the Central Plain.

Additionally, culinary preferences might also contribute to the choice of foxtail millet.
Boiling and steaming were the basis of the Eastern Eurasian culinary tradition [50–52]. The
non-sticky types of foxtail millet are easier to digest and more tasty.
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5.2.2. Diversified Crop Assemblage to Increase Resilience

Despite choosing foxtail millet as the primary crop, the individuals at Guojiazaoyuan
retained the practice of maintaining a diverse crop structure. As mentioned previously,
in addition to foxtail millet, there are also broomcorn millet, rice, and soybeans, repre-
senting a diversified crop assemblage beginning in the Yangshao period [53]. Charred
broomcorn millets have been discovered in the southern part of the Loess Plateau at the
Dadiwan site of the Peiligang period (9000–7000 BP) [54]. During the Yangshao culture
period (7000–4800 BP), the cultivation of millets rapidly developed, rendering them the
primary crops. Over time, the quantity of foxtail millet grown gradually surpassed that
of broomcorn millet [7,8]. Certain archaeological sites have begun to reveal the presence
of rice and soybeans, although their quantities have remained relatively low. During the
early Longshan period, crop diversity was maintained at the Guojiazaoyuan site, and the
tradition of diverse crop structures was maintained in the region (Figure 9). In addition to
foxtail and broomcorn millet, there were small quantities of soybeans and rice.

A relatively rich soybean collection was found at the Guojiazaoyuan site during the
early Longshan period. The soybean is a vital crop worldwide, serving as a major source
of food and oil as it is rich in proteins and oils. It is widely accepted in the domestic
and international academic community that soybeans probably originated in China. The
lower and middle reaches of the Yellow River have long been regarded as potential origin
points for the soybean plant [55]. Soybeans and millets contain various nutrients. They
complement each other and have a significant symbiotic relationship [56]. The soybeans
discovered at the Guojiazaoyuan site are large, flat, and relatively thin. This may be related
to the processing methods, such as boiling, applied to the soybeans before carbonization.
After boiling, the shape of the cotyledons of soybean changes, and there are fewer voids after
carbonization. These discoveries provide new information for research on soybeans’ origin,
domestication, and dissemination. By the early Longshan period, soybean cultivation had
expanded to the southern Shanxi province.

The cultivation and utilization of rice have a long history on the southern Loess
Plateau. Identifying only one rice grain at the Guojiazaoyuan site, located beyond the
distribution range of wild rice, suggests that this rice grain was likely domesticated. Rice
originated in the middle and lower reaches of the Yangtze River and spread northward
to the Yellow River basin [57,58]. Although it originated in southern China, rice has been
cultivated in the southern Loess Plateau since the Yangshao period (Figure 9). However,
due to climatic factors, the ubiquity of unearthing rice in different periods is subject to
fluctuations. In this region, agriculture was primarily dryland farming, with a few specific
areas having an abundant water supply and maintaining a mixed farming model of rice
and dry crops. Phytolith studies were conducted at several archaeological sites in this
region, such as Quanhu [30], Yangguanzhai, and Anban [59], and abundant rice phytoliths
were discovered. This suggests that rice had been extensively cultivated in the Guanzhong
region by 5500 BP. Rice was valued in northern China. For example, rice was concentrated
at the Liangchengzhen site [60]. Various factors influence rice cultivation, including the
suitable climate, geographical environment, and abundant water supply necessary for rice
farming. Furthermore, the site location, level and scale of the settlement, cultural traditions,
and people’s choices affect the spread and distribution of rice [61–64].

Although only one rice grain was found at the site, its discovery might not be merely
coincidental. Multiple findings about rice have been documented at earlier and contempo-
raneous sites. As illustrated in Figure 9, the ubiquity of rice increased from 25% to 60% from
the late Yangshao to the early Longshan periods in the southern Loess Plateau. Therefore,
the likelihood of discovering more rice at the Guojiazaoyuan site is high. Rice was likely
one of the diversified crop assemblages. Mixed rice and dry-land farming in the region
would enhance food stability. The diverse food supply and consumption strategy gave
people options during food crises.
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5.2.3. Attempts at Cattle and Sheep Husbandry—Exploring a New Subsistence Strategy

The Guojiazaoyuan site yielded a significant number of leguminous weed seeds,
primarily belonging to Lespedeza and Melilotus, totaling 850 grains, accounting for 69.9%
of the total number of weed seeds, with a ubiquity of 41.86%. In addition, 6942 legume weed
seeds were found during the Longshan period at the Zhoujiazhuang site in the southern
Loess Plateau, accounting for 56.2% of the weed seeds, and most of them were Lespedeza
and Melilotus [16]. Lespedeza, Melilotus, and other legume plants are high-quality animal
feed. Cattle and sheep were initially domesticated in West Asia and introduced into
China’s territory through the Hexi Corridor and Eurasian grasslands. Approximately
5600–5000 years ago, sheep appeared in the Gansu-Qinghai region, and approximately
5000 years ago, cattle appeared in the eastern part of Gansu Province [65]. Approximately
4500 years ago, the Yulin region in northern Shaanxi gradually began accepting sheep and
domesticated cattle from the west through Eurasian grasslands. It soon developed into
a dominant livestock economy for local livelihoods. Therefore, the livestock economy in
northern China began approximately 4500 years ago [66]. The Taosi site in the southern
part of the Loess Plateau yielded a small number of cattle and sheep bones during its early
stages [67]. The results of the stable isotope study indicated that the diet of cattle is likely to
be supplemented with large amounts of C4 crops, such as cereal grasses. In contrast, sheep
mainly forage in the wild, with the former being farmed and the latter being free-range [68].
Sheep and cows have similar diets and love grass. Summarily, a small number of cattle
and sheep bones were excavated at the Guojiazaoyuan site, and it is hypothesized that the
leguminous weeds identified at the site may be related to cattle and sheep rearing.

Exotic species, such as cattle and sheep, were gradually accepted as important livestock.
People developed diverse animal-rearing strategies during the early Longshan period,
expanding the subsistence economy. Diverse livelihood patterns can help people cope
better with the stress and potential disasters caused by environmental change.

5.3. Resilience to Climate Events: A Long-Term Perspective and Regional Variations

The 5.3-ka climate fluctuation significantly impacted society and agriculture in broad
regions, including the Loess Plateau and the Central Plain areas (Figure 10a). However, the
long-term responses to the events were likely different. At the southern Loess Plateau, the
occurrence of foxtail millet becoming a primary crop while maintaining diversity in crop
types is not exclusive to Guojiazaoyuan. In general, from late Yangshao to early Longshan,
the proportion of foxtail millet in the crops of the southern Loess Plateau increased from
73.43% to 79.38%, whereas that of broomcorn millet decreased from 26.26% to 15.18%
(Figure 10c). The average ratio of foxtail millet to broomcorn millet significantly increased
from 3.23 to 7.67 (Figure 6). The percentage of rice also witnessed a slight rise from 0.21%
to 5.06% (Figure 10c), likely attributed to the warm and humid climate, which is conducive
to rice cultivation. Thus, during the early Longshan period, it is likely that societies in the
southern part of the Loess Plateau largely adopted a similar form of dryland agriculture,
characterized by the absolute dominance of foxtail millet and the utilization of a diverse
crop structure. Throughout the Longshan period, foxtail millet maintained its dominance
in the crop structure, solidifying its absolute supremacy.

On the northern Loess Plateau, foxtail and broomcorn millets were more or less
equally emphasized during the Neolithic period (Figure 10b). The proportion of foxtail
millet is only slightly higher than that of broomcorn millet; nevertheless, their proportions
remained comparable, with foxtail millet consistently slightly exceeding 50%. Recently,
some archaeobotanical works were conducted in this region [69–71], and the results show
the same pattern. On the other hand, in the Central Plain, the early Longshan period
witnessed the ongoing advancement of foxtail millet-based dry farming and a notable
increase in rice cultivation. Certain areas adopted a combined rice and dry crop cultivation
method. During the early Longshan period, the proportion of foxtail millet decreased from
79.87% to 61.23%, whereas that of rice increased from 4.7% to 25.6% (Figure 10d). Such
differences are probably also related to geographical and geological factors. Affected by
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monsoons, the proportion of rice decreased from east to west and south to north, whereas
that of broomcorn millet increased.

The experiences gained by people in surviving climate events certainly contributed to
the re-adjustment of their subsistence strategies. As societies became more resilient and less
vulnerable, population growth ensued, leading to the emergence of complex societies and
early states. The northern Loess Plateau had the Shimao culture represented by the Shimao
site; the southern Loess Plateau had the Taosi culture represented by the Taosi site; and the
Central Plain had a flourishing Longshan culture. The progress of these civilizations was
closely related to their local agricultural economies.

6. Conclusions

The 5.3-ka BP climate event significantly impacted society and agricultural devel-
opment in the southern Loess Plateau. During the late Yangshao period (5500–4800 BP),
there was a decline in this region, which was part of early China’s core area. During the
early Longshan period (4800–4300 BP), there was a shift toward warm and wet climatic
conditions, providing agricultural development opportunities. Society and agriculture
gradually recovered, and the botanical remains reflected a pattern of rejuvenation follow-
ing the recession. Nevertheless, there was a pattern of bolstering subsistence resilience,
indicating a long-term impact of the challenging experiences from the climate event.

Abundant charred plant seeds and fruits dating back to the early Longshan period
(4800–4300 BP) were discovered at the Guojiazaoyuan site, with the number of crops
considerably exceeding that of others. The crop structure primarily comprised foxtail millet,
followed by broomcorn millet, with small amounts of rice and soybeans. The agricultural
economy represented typical early dryland agricultural traditions in northern China.

At Guojiazaoyuan, the number of foxtail millets significantly surpassed that of broom-
corn millets. This indicates a substantial increase in yield. The absolute dominance of
foxtail millet was firmly established in early Longshan, both at Guojiazaoyuan and the
southern Loess Plateau. This development was closely related to favorable climatic condi-
tions, the inherently high yield and profitability of foxtail millet, agricultural management
practices, and the fact that foxtail is more suitable for long-term storage. The emergence
of outliers in foxtail millet and the concentration of crops may be related to food storage
practices. With memories of hunger in times of scarcity, people have gradually improved
their food storage techniques. Despite choosing foxtail millet as the primary crop, the
individuals at Guojiazaoyuan retained the practice of maintaining a diverse crop structure.
The diversification of crop structures can enhance the resilience and food stability of society.
The discovery of seeds from Fabaceae weeds may be related to limited cattle and sheep
rearing. Although raising cattle and sheep is still in its early stages, it has expanded the
agricultural economy, enabling people to adapt to environmental pressures.

The long-term responses to the events were likely different in some regions. Foxtail
millet was the primary crop on the southern Loess Plateau during the early Longshan
period (4800–4300 BP). It dominated the agricultural structure, surpassing broomcorn millet,
establishing its absolute dominance. In the northern Loess Plateau, a coexistence pattern of
foxtail and broomcorn millet was observed, with foxtail millet holding a slightly higher
status than broomcorn millet. Apart from foxtail and broomcorn millet in the Central
Plain, there was a relatively rich presence of rice. The agricultural patterns exhibited
diverse characteristics.

This systematic archaeobotanical study at the Guojiazaoyuan site is important for
studying the development of prehistoric agriculture. Emphasizing the importance of
a long-term perspective, particularly in agriculture and food security, the findings con-
tribute to a broader understanding of how ancient societies coped with environmental
changes. These insights are pertinent to ongoing discussions on climate resilience and
sustainable agriculture.
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