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Abstract  Mixed farming of rice and millet is one of the basic agricultural modes in the upper and middle Huai River Valley 

(HRV). According to the latest data, this agricultural mode appeared during the middle and late Peiligang Culture (7.8–7.0 ka 

BP) in the upper HRV, and then became a common subsistence economy in the late Neolithic (5.0–4.0 ka BP) in both the up-

per and middle HRV. However, it is still not clear how this mixed farming developed in the upper HRV after its occurrence, 

nor are the regional differences in the development of mixed farming between the upper and middle HRV during the Neolithic 

completely understood. In this paper, flotation and starch analyses were conducted on samples from eight archaeological sites 

in the upper and middle HRV. The results indicate that the mixed farming of rice and millet first appeared in the later phase of 

the middle Neolithic in the regions of the Peiligang Culture, then developed quite rapidly in the late Neolithic (6.8–5.0 ka BP), 

finally becoming the main subsistence economy at the end of the Neolithic in the upper HRV. However, there are obvious dif-

ferences in the emergence and development of agriculture between the middle and upper HRV. Rice farming was the only ag-

ricultural system during the middle Neolithic, lasting until the late Neolithic, when mixed farming appeared in the middle HRV. 

Furthermore, although mixed farming appeared in both the upper and middle HRV during the late Neolithic, the roles of rice, 

foxtail millet and broomcorn millet in the subsistence economy were not the same. In general, millet was more widely culti-

vated than rice in the upper HRV, but rice occupied the same or a slightly more prominent position in the middle HRV at the 

end of the Neolithic. These results are significant for understanding the process of agricultural development and transformation, 

as well as human adaptation to climatic and cultural variability duringthe Neolithic. 

Keywords  Upper and middle Huai River, Neolithic, Mixed farming of rice and millet, Agricultural development and trans-

formation, Regional differences 
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1.  Introduction 

Agriculture was one of the main driving forces behind the 

growth of civilization and early social progress (Childe, 

1951; Yan, 2000; Bar-Yosef, 2011), and so its origin and 

development have long attracted attention in the interna-

tional academic community. China is one of the three major 

centers in the world for the origin of agriculture, with north-

ern China and the mid-lower Yangtze river regions being 

widely considered as the respective birthplaces of millet and 

rice farming. Recent studies have shown that domestication 

of rice and millet first occurred in southern and northern 

China, respectively, at approximately the same time, possi-

bly about 11.5ka BP (Zhao et al., 1998; Lu et al., 2009; 

Yang et al., 2012; Wu et al., 2014).  

The upper and middle Huai River Valley (HRV), situated 

between the Yangtze and Yellow Rivers, is a transitional 

zone for climate and agriculture in eastern China and is the 

core area for cultural exchange and integration between 

northern and southern China. In terms of the distribution of 

crops in this area, the presence of mixed farming of rice and 

millet is one of the most remarkable features (Zhang et al., 

2004). According to the earliest archaeobotanical data, 

mixed farming of rice and millet had already appeared dur-

ing the middle and late Peiligang Culture (7.8–7.0 ka BP) 

and lasted until the period of the Longshan Culturein the 

upper HRV (Zhao and Fang, 2007; Liu et al., 2010; Zhang 

et al., 2012). In the middle HRV, there was mixed farming 

at the Yuchisi site in Mengcheng County toward the end of 

the Neolithic (Wang and Wu, 1998; Zhao, 2010). Neverthe-

less, there are still some open questions regarding the de-

velopment progress of mixed farming after its appearance in 

the upper HRV and the regional differences that occurred in 

the development of mixed farming between the upper and 

middle HRV throughout the Neolithic. 

In this study, flotation and starch grain analyses were ap-

plied to recover ancient plant remains from eight Neolithic 

sites. In addition, quantitative and frequency analyses were 

conducted on the archaeobotanical results from the eight 

sites, as well as on existing data in different phases of the 

Neolithic in the upper and middle HRV. The aim of this 

paper is to present information to allow better understanding 

of the history of prehistoric agricultural practices and the 

relationships among changing climate, archaeological cul-

tures and human adaptation.   

2.  Profiles of archaeological sites and research 

region 

According to previous studies, the Neolithic culture in the 

upper and middle HRV can be divided into four different 

phases: the early Neolithic (11.5–9.0 ka BP), the middle 

Neolithic (9.0–6.8 ka BP), the late Neolithic (6.8–5.0 ka 

BP) and the end of the Neolithic (5.0–4.0 ka BP) (Zhang, 

2005; Luan, 2005; Gao, 2005). The eight archaeological 

sites distributed over the research areas were at Lingjing, 

Jiahu, Shunshanji, Agangsi, Hunanguo, Lingyuntai, Sigeda 

and Yangpu (Figure 1). These sites are associated with the 

main Neolithic archaeological cultures in the upper and 

middle HRV. However, the development of agriculture 

during the late Neolithic in the middle HRV is not discussed 

here because of the limited amount of data available from 

only a few archaeological sites. 

The upper and middle HRV covers the east central He-

nan, north central Anhui and northwest Jiangsu Provinces. 

The climate of the southern part of the HRV is humid sub-

tropical and is strongly influenced by the East Asian mon-

soon. The mean annual temperature is over 15°C, the annual 

average precipitation is around 1000–1200 mm and the  

 

Figure 1  Locations of the eight sampling sites and related archaeological sites in the upper and middle HRV. 1, Lingjing; 2, Jiahu; 3, Hunanguo; 4, 

Agangsi; 5, Lingyuntai; 6, Sigeda; 7, Shunshanji; 8, Xiaosungang; 9, Yangpu; 10, Tanghu; 11, Dahecun; 12, Yuanqiao; 13, Wangchenggang; 14, Wadian; 15, 

Guchengzhai; 16, Yangzhuang; 17, Shishanzi; 18, Shuangdun; 19, Yuchisi; 20, Yuhui.  
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average frost-free period surpasses 220 days. The main cul-

tivated crops include rice, wheat and rape. The climate of 

the region to the north of the upper and middle HRV, where 

the broad Huanghuai Plain is located, is warm-temperate 

and semi-humid. The annual average temperature is more 

than 14°C, the annual precipitation is about 800–900 mm, 

the frost-free period is about 220 days and the staple crops 

include wheat, corn, cotton and soybean (Meteorological 

Bureau of Henan Province, 1980; Meteorological Bureau of 

Anhui Province, 1983). 

3.  Materials and methods 

Eight archaeological sites distributed over the upper and 

middle HRV and dating to different periods of the Neolithic 

were chosen for archaeobotanical analysis. The chronolo-

gies from the Lingjing, Jiahu and Shunshanji sites have 

been reported previously (Henan Provincial Institute of 

Cultural Relics and Archaeology, 1999; Lin et al., 2014; Li 

et al., 2014), and the ages of the other five sites were ob-

tained from the dates of plant remains from each site per-

formed at the Center for Applied Isotope Studies, University 

of Georgia (Table 1). Flotation analysis was conducted on 

soil samples collected from the Jiahu, Yangpu, Agangsi, 

Hunanguo, Lingyuntai and Sigeda sites, and starch analysis 

was carried out on stone artifacts and pottery shards from 

the Lingjing and Shunshanji sites.  

A froth-flotation device with a 0.2 mm mesh screen for 

light-fraction samples and 1.00 mm for the heavy fraction 

was used. The recovered carbonized plant remains were 

identified by comparison with modern and carbonized plant 

specimens from the Bioarchaeology Laboratory at the Uni-

versity of Science and Technology of China and related 

published documents(Guan, 2000; Guo, 1998; Shida et al., 

2004). 

For starch grain analysis, residue samples were collected 

from the used surfaces of stone tools and the internal sides 

of pottery shards by aresin rinsing and ultrasonic procedure. 

Samples from the unused surfaces of stone tools and exter-

nal sides of pottery shards were also collected ascontrols. 

Then, 5% (NaPO3)n and 10% HCl were added for defloccu-

lation and to remove carbonates from the samples. Heavy 

liquid (CsCl solution) with a relative density of 1.8 was then 

used for the extraction of starch grains. Identification of 

starch grains was conducted according to modern references 

and previous related publications (Piperno et al., 2004; 

Torrence and Barton, 2006; Wei et al., 2008; Yang et al., 

2009; Yang et al., 2010; Ge et al., 2010; Perry and Michael, 

2011; Wan et al., 2011; Yang and Perry, 2013; Liu et al., 

2013, 2014a, 2014b).  

4.  Results and analysis 

4.1  Plant remains from the early Neolithic (Before  

9.0 ka BP) 

The surfaces of ten stone tool fragments and eight pottery 

shards unearthed from the fifth layer (14.0–11.0 ka BP) of 

the Lingjingsite yielded 39 starch grains that were classified 

into seven types on the basis of morphology and size. Of 

these, 36 grains were identified as coming from roots of 

snakegourd (Trichosantheskirilowii), Coix lacryma-jobi and 

Sagittaria trifolia, while the other 3 types of grains were 

difficult to classify (Figure 2). It could be seen that the spe-

cies identified were wild and would normally have been 

obtained through gathering.  

4.2  Plant remains from the middle Neolithic (9.0–   

6.8 ka BP) 

Plant remains from the middle Neolithic came from the 

Jiahu and Shunshanji sites, located in the upper and middle 

HRV, respectively. A total of 6300 charred plant remains 

were found from the archaeological contexts in phaseⅡof 

the Jiahu Culture (ca. 8.5–8.0 ka BP), including Oryza sativa, 

Glycine soja, Vitis, Trapa, Quercus, Nelumbo nucifern, 

Caryacathayensis, and weedy seeds such as Chenopodiace-

ae, Amaranthaceae and Portulacaceae (Figure 3). It is worth 

noting that frequency analysis showed that the occurrence 

frequencies of edible plants obtained by gathering, such as 

Glycine soja, Vitis and Trapa, were greater than that of   

Table 1  Ages and samples of the eight sites 

Site Location Age (ka BP) Sample source Sample type Analysis method 

Lingjing (the fifth layer) Xuchang, Henan 14.0~11.0 Excavation Pottery and stone tools Starch analysis 

Jiahu Wuyang, Henan 9.0~7.5 Excavation Soils Floatation 

Shunshanji Sihong, Jiangsu 8.5~7.0 Excavation Pottery and stone tools Starch analysis 

Agangsi Wuyang, Henan 5.4~5.1 Survey Soils Floatation 

Hunanguo Wuyang, Henan 5.7~5.0 Survey Soils Floatation 

Yangpu Suzhou, Anhui End of Neolithic Excavation Soils Floatation 

Lingyuntai Luohe, Henan 4.0~3.9 Survey Soils Floatation 

Sigeda Wuyang, Henan 4.2~4.1 Survey Soils Floatation 
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Figure 2  Ancient starch grains from the Lingjing site. (a), (a’), (b), (b’), Trichosanthes kirilowii; (c), (c’), (d), (d’), Coix lacryma-jobi; (e), (e’), (f), (f’), 

Triticeae; (g), (g’), Sagittaria trifolia; (h), (h’), (i), (i’), unidentified species; (j), (j’), damaged starches.  

Oryza sativa (Figure 3), suggesting that the ancient popula-

tion at Jiahu largely relied on gathering to obtain plant 

foods. 

At the Shunshanji site (8.5–7.0ka BP), 414 ancient 

starches from Coix lacryma-jobi, Triticeae, Oryza sativa, 

Trichosanthes kirilowii and 1unidentified species were re-

covered from the surfaces of 17 stone tools and 29 cauldron 

pottery shards (Figure 4). The results demonstrated that 

although cultivation of rice might have taken place at 

Shunshanji, the ancient population still relied more on gath-

ering to obtain plant foods. 

4.3  Plant remains from the late Neolithic (6.8–5.0 ka BP) 

The archaeobotanical evidence from the late Neolithic was 

obtained from the Hunanguo and Agangsi sites in the upper 

HRV. Here, 3701 charred plant remains were recovered. 

Qualitative analysis indicated that agricultural crops in-

cluded foxtail millet, broomcorn millet and rice, wild grass 

seeds included Setaria, Digitaria and Echinochloa, and a 

few wild edible plants such as Quercus, Vitis and Diospyros 

were also found (Figure 5).The occurrence frequencies of 

rice and millet were the highest, followed by Setaria and 

Digitaria. The frequencies of other plants such as Quercus 

and Diospyros were below 10%. 

4.4  Plant remains from the end of the Neolithic (5.0– 

4.0 ka BP) 

Plant remains from the end of the Neolithic came from the 

Lingyuntai, Sigeda and Yangpu sites (Figure 6). The first 

two sites are located in the upper HRV and the third in the 

middle HRV. A total of 497 charred plant remains were 

recovered from the Lingyuntai and Sigeda sites, including 

crops such as foxtail millet, broomcorn millet, rice, and 

soybean, as well as some weed seeds like Setaria and Echi-

nochloa. Statistical analysis results showed that the occur-

rence frequency of foxtail millet was the highest among all 

plant remains, followed by broomcorn millet, while the 

lowest frequency was that of rice. Notably, abundant charred 

soybean seeds were found at the Lingyutai site, although 

whether they were cultivated or wild is still unknown. 

The Yangpusite covered the periods of the late Dawen-

kou Culture, the Longshan Culture, the Yueshi Culture, the 

Warring States and the Han Dynasty. A total of 660 charred 

plant remains were recovered from the relics from the late 

Dawenkou Culture and the Longshan Culture, including 

foxtail millet, broomcorn millet, rice and a few weed seeds  
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Figure 3  Charred plant remains from the Jiahu site and their occurrence frequencies. (a), Setaria italica; (b), Panicum miliaceum; (c), Oryza sativa; (d), 

Glycine soja; (e), Armeniaca; (f), Quercus; (g), Diospyros; (h), Setaria. 

such as Setaria and Digitaria. Statistical analysis indicated 

that the occurrence frequency of rice was the highest, fol-

lowed by foxtail millet, while the lowest was that of 

broomcorn millet.  

5.  Discussion 

The eight sites studied in this paper provided the ideal ma-

terials on which to base an analysis of the characteristics 

and regional differences of early agriculture, covering four 

main phases of Neolithic culture in the upper and middle 

HRV. On the basis of the archaeobotanical data from the 

eight sites, the emergence and development of Neolithic 

early agriculture in the upper and middle HRV are dis-

cussed below.  

5.1  The gestation of early agriculture during the early 

Neolithic in the upper HRV 

The early Neolithic sites such as Lingjin and Lijiagou are 

located in the upper HRV (Wang et al., 2011; Li et al., 

2014), However, no sites at this period have been found in 

the middle HRV. In this study, starch grain analysis was 

carried out on stone tools and pottery sherds unearthed from 

the fifth layer of the Lingjin site. The results show that 

snakegourd roots, the tribe Triticeae, Coix lacryma-jobi, 

Sagittaria trifolia and another three inconclusive species 

were utilized by the ancient population of Lingjin. Together 

with the recovery of abundant microliths at the site, this 

indicates that these plants would have been obtained 

through gathering. So far, there is no evidence of early ag-

riculture in the upper HRV before 11.0kaBP.  

Although no evidence has been reported of early agri-

culture commencing before 9.0ka BP in the upper HRV, 

rice and millet have been deemed to be domesticated in the 

middle-lower Yangtze River and the northern part of north-

ern China during this period (Zhao et al., 1998; Lu et al., 

2009; Yang et al., 2012; Wu et al., 2014). A large number 

of plant remains showing the characteristic of domestication 

and dating back to 9.0ka BP, as well as some highly devel-

oped archaeological cultures, have been discovered at the  
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Figure 4  Ancient starches from the Shunshanji site. (a), (a’), (b), (b’), Coix lacryma-jobi; (c), (c’), (d), (d’), Trichosanthes kirilowii; (e), (e’), (f), (f’), uni-

dentified species; (g), (g’), (h), (h’), Oryza sativa; (i), (i’), (j), (j’), Triticeae.  

Jiahu site in the upper HRV (Henan Provincial Institute of 

Cultural Relics and Archaeology, 1999). Thus, it is possible 

that the population of the upper HRV started to cultivate 

some plants before 9.0ka BP. 

5.2  The emergence of mixed farming in the upper 

HRV and the development of rice farming in the middle 

HRV during the middle Neolithic 

The Jiahu Culture and Peiligang Culture are two representa-

tive middle Neolithic cultures in the upper HRV. In the past 

few decades, abundant carbonized plant remains, including 

foxtail millet, stones of Armeniacamume and Ziziphusju-

juba, and shells of Caryacathayensis and Quercus, have 

been recovered at many sites of these two cultures (No. 1 

Team of Archaeology Institute of CASS, 1984; Wang, 

1984; Henan Provincial Institute of Cultural Relics and Ar-

chaeology, 1987, 1995). Recently, residue analysis at the 

Peiligang and Tanghu sites has revealed that the plant spe-

cies utilized by ancient populations included rice, foxtail 

millet, broomcorn millet, Quercus, Triticeae, Coix lacry-

ma-jobi, Vigna, Chinese yams (Dioscorea opposita), Trapa 

water chestnut and lotus roots (Nelumbo nucifera) (Liu et 

al., 2010; Zhang et al., 2011; Zhang et al., 2012; Yang et al., 

2015). This archaeobotanical evidence suggests that ancient 

populations of the upper HRV obtained plant food through 

both gathering and farming during the middle Neolithic. 

Notably, phytolith evidence from the Tanghusite proves that 

mixed farming of rice and millet was already taking place 

during the middle-late stage of the Peiligang Culture (Zhang 

et al., 2012).  

Jiahu (9.0–7.5kaBP) was one of the most developed sites 

in the upper HRV during the middle Neolithic, and eight 

seasons of excavation have been carried out there since 

1983. One of the most important findings here is that the 

domestication of rice dates to 9000 years ago, which is the 

earliest record of rice farming in the HRV (Henan Provin-

cial Institute of Cultural Relics and Archaeology, 1999, 

2015). In 2001, flotation analyses were carried out at Jiahu, 

and plentiful charred plant remains were found from rice, 

Quercus, wild soybean (Glycine soja), Vitis, lotus roots, 

Trapa and other nuts, as well as Poaceae, Polygonum,   
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Figure 5  Charred plant remains from the Hunanguo and Agangsi sites and their occurrence frequencies. Charred plant remains from Hunanguo site: (a), 

Setaria italica; (b), Panicum miliaceum; (c), Oryza sativa; (d), Glycine soja; (e), Armeniaca; (f), Quercus; (g), Diospyros; (h), Setaria. Charred plant remains 

from Agangsi site: (i), Setaria italica; (j), Panicum miliaceum; (k), Oryza sativa; (l), Quercus. 

Chenopodium, Compositae, Cyperaceae, Abutilonaviecnnae 

Gaerner and Broussonetiapapyrifera. The quantitative 

analysis suggests that the Jiahu people obtained plant food 

mainly by gathering rather than by rice farming (Zhao and 

Zhang, 2009). As part of the present study, a flotation anal-

ysis was again conducted during the excavation in 2013, 

and more than 6300 charred plant remains were found, in-

cluding rice, wild soybeans, Vitis, Trapa, Quercus, lotus 

roots, Carya cathayensis, and some weedy seeds such as 

Chenopodiaceae, Amaranthaceae and Portulacaceae. The 

results of the flotation and occurrence frequency analyses 

indicate that rice was the only crop cultivated at the Jiahu 

site and that gathering was still the dominant way for the 

population there to obtain their plant foods.  

The middle Neolithic culture in the middle area of the 

HRV is represented by the Shunshanji Culture and the  
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Figure 6  Charred plant remains from the Yangpu, Lingyuntai and Sigeda sites and their occurrence frequencies. Charred plant remains from Yangpu site: 

(a), Setaria italica; (b), Panicum miliaceum; (c), Oryza sativa; (d), Setaria. Charred plant remains from Lingyuntai site: (e), Setaria italica; (f), Panicum 

miliaceum; (g), Oryza sativa; (h), Glycine. Charred plant remains from Sigeda site: (i), Setaria italica; (j), Panicum miliaceum; (k), Oryza sativa; (l), Echi-

nochloa. 

Shuangdun Culture (Anhui Provincial Institute of Culture 

Relics and Archaeology, 2008; Lin et al., 2014). Charred 

rice was found in different phases at the Shunshanji site 

(8.5–7.0kaBP), which is the representative site of the Shun-

shanji Culture (Lin et al., 2014). In the present study, an-

cient starch grains originating from Coix lacryma-jobi, Trit-

iceae, Oryza sativa, Trichosanthes kirilowii and one incon-

clusive species were recovered from the surfaces of eight 

stone tools and ten pottery shards unearthed from the Shun-

shanji site. These findings suggest that rice farming was one 

of the ways for Shunshanji people to obtain plant food. 

However, in contrast to the sites of the Peiligang Culture 
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located in the upper HRV, no millet remains were found at 

Shunshanji. These results reveal that the ancient population 

of the middle HRV carried out rice farming rather than 

mixed farming of rice and millet during the middle Neolithic. 

Archaeological sites belonging to the Shuangdun Culture 

(7.3–6.9 ka BP) are mainly distributed on the north side of 

the Huai River in Anhui Province and are represented by the 

Shuangdun, Xiaosungang and Shishanzi sites (Anhui Pro-

vincial Institute of Archaeology, 2008). The Shuangdun site 

was excavated in the 1990s. Zhang et al. (2004) found some 

impressions of rice husks in pieces of burnt clay gathered at 

the site. Analysis of starch grains recovered from different 

types of ground stone tools from the Shuangdun and 

Shishanzi sites showed remains of rice, Coix lacryma-jobi, 

Triticeae, lotus roots (Nelumbo nucufera), lotus(Nelumbo 

nucufera), Dioscorea opposita, Vigna, Avena and some un-

known species of Gramineae (Dong, 2013; Dong et al., 

2014). Flotation analysis was also carried out at the Xiaosun-

gang site, and plentiful charred plant remains from rice, 

Trapa, Quercus, Vitis, Diospyros, Ziziphus, Amygdalus, and 

Armeniacamume were found (Cheng et al., 2016). These 

findings from Shuangdun, Shishanzi and Xiaosungang 

demonstrate that rice was the only crop. That is, early agri-

culture at these sites was single rice farming during this 

period, like that of the Shunshanji Culture. However, oc-

currence frequency analysis of the charred plants from the 

Xiaosungang site shows that the local people of the 

Shuangdun Culture relied mainly on gathering rather than 

rice faming in the middle HRV at that time.  

Based on the above archaeobotanical data, it is easy to 

see that some identical features of early agriculture are 

shared by the upper and middle HRV during the middle 

Neolithic. The ancient populations of the upper and middle 

HRV obtained plant foods not only through farming but 

also by gathering, although, as can be seen from the occur-

rence frequency of the plant remains, gathering actually 

provided more plant foods than farming. However, there 

were some regional differences in early agriculture between 

these two areas, with the agricultural mode of the Peiligang 

Culture distributed in the northern part of the upper HRV 

being characterized by mixed farming of rice and millet, 

while rice farming was the single agricultural system of the 

Jiahu Culture in the southern part of the upper HRV and the 

Shunshanji Culture and Shuangdun Culture in the middle 

HRV. 

5.3  Rapid development of mixed farming of rice and 

millet in the upper HRV during the late Neolithic 

In the upper HRV, late Neolithic culture is represented by 

the Dahecun type of the Yangshao Culture. However, in the 

middle HRV, few sites from the late Neolithic have been 

found, with their absence possibly being due to climatic 

reasons (Huang et al., 2005). 

In the upper HRV, carbonized rice and foxtail millet 

were discovered at the Dahecun site, the representative site 

of the Yangshao Culture. This finding indicates that the 

Dahecun population still relied on mixed farming of rice 

and millet during the late Neolithic (Ren, 2005). Recently, 

carbonized plant remains from foxtail millet, broomcorn 

millet, rice, Ziziphusjujuba, Amygdaluspersica, Vitis vinif-

era, Crataeguspinnatifida and Armeniaca vulgaris, as well 

as plentiful weedy seeds, have been found at some sites of 

the Yangshao Culture. This plant assemblage indicates that 

farming and gathering were still the two main routes for the 

ancient population of the Yangshao Culture to obtain plant 

food. The results of quantitative analysis of these plant re-

mains indicate that the occurrence frequency of crops was 

much higher than that of other species, with foxtail millet 

accounting for the largest proportion of all crops (Qin et al., 

2010). In the present study, flotation analyses were carried 

out at the Agangsi and Hunanguo sites of the Yangshao 

Culture. The results show that the plant assemblage includ-

ed abundant crops such as foxtail millet, broomcorn millet, 

rice and weedy seeds. In addition, a few charred remains 

such as Vitis, Diospyros and Quercus were also recovered. 

Among these plant remains, crops, especially foxtail millet, 

accounted for the largest proportion both in number and in 

occurrence frequency, with plant remains from gathering 

being recovered sporadically. 

On the basis of the above archaeobotanical data from 

Yangshao Culture sites, it can be seen that mixed farming of 

rice and millet was still the main agricultural mode in the 

upper HRV during the late Neolithic (6.8–5.0 kaBP). The 

diet of the population at this time was dominated by crops, 

especially foxtail millet, and the role of gathering in the 

supply of food was in decline. Overall, mixed farming of 

rice and millet developed rapidly and became the main 

source of plant foods for the population of the upper HRV 

during the late Neolithic. 

5.4  Complete establishmentof mixed farming of rice 

and millet in the upper and middle HRV at the end of 

the Neolithic 

At the end of the Neolithic (5.0–4.0 ka BP), the representa-

tive archaeological cultures were the Gushuihe phaseⅡ 

Culture and the Wangwan III phase Culture in the upper 

HRV,  and the late Dawenkou Culture and the Zaolvtai 

Culture in the middle HRV.  

Archaeobotanical studies have recently been conducted 

on samples from many late Neolithic sites in the upper 

HRV. Plentiful crops such as foxtail millet, broomcorn mil-

let, rice and soybean, as well as weedy seeds, were found at 

many sites in the upper-middle area of the Ying River, alt-

hough at each site only a few plant remains obtained through 

gathering were recovered. Quantitative analysis of these 

plant remains indicates that the main agricultural mode re-

mained mixed farming of rice and millet and that crops oc-

cupied the dominant position in the human diet in the upper 
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HRV at the end of the Neolithic. Further frequency studies 

on each crop show that foxtail millet was far more widely 

cultivated than rice (School of Archaeology and Museology 

of Peking University, 2007). In addition, a large number of 

macrofossils from foxtail millet, broomcorn millet, soybean 

and rice were found at the Wangchenggang site in Dengfeng, 

with foxtail millet having the highest frequency, followed 

by broomcorn millet and soybean, while the frequency of 

rice remains was the lowest (Zhao and Fang, 2007). At the 

Wadian site in Yuzhou, five kinds of crops were discovered 

in the late Longshan Culture layer, including foxtail millet, 

broomcorn millet, rice, Triticumaestivum and soybean. Sta-

tistical analysis indicates that foxtail millet also accounted 

for the largest proportion in both number and frequency 

(Liu et al., 2010). At the Guchengzhai site, only two kinds 

of crops, namely foxtail millet and broomcorn millet, were 

recovered, with the number of foxtail millet remains being 

much larger than that of broomcorn millet remains (Chen et 

al., 2012). Notably, evidence from phytolith and pollen 

analyses at the Yangzhuang site in the southern area of the 

upper HRV shows that rice cultivation existed in a large 

area around the site during the early Longshan Culture. 

Moreover, the local population also started to cultivate 

Sesamumindicum, Polygonaceae and Phaseolus vulgaris 

during the late Longshan Culture (Department of Archae-

ology of Peking University et al., 1998).  

The Yuchisi and Yuhui sites are the two representative 

Neolithic sites in the middle HRV. Flotation analysis was 

conducted at the Yuchisi site during excavations in 2002. A 

large number of carbonized plant remains were discovered 

from the late Dawenkou and Longshan Cultures, including 

crops such as foxtail millet, broomcorn millet and rice, as 

well as weedy seeds from Panicoideae. Quantitative analy-

sis of the plant remains indicates that foxtail millet and rice 

were the dominant crops, equally so for the Longshan Cul-

ture, although there were slightly more foxtail millet re-

mains than rice remains from the late Dawenkou Culture. 

These results show that during the late Dawenkou Culture 

and the Longshan Culture, the main source of plant foods 

was provided by agriculture, as characterized by the mixed 

farming of rice and millet at the Yuchisi site, rather than by 

gathering (Zhao, 2010).  

Some charred rice, foxtail millet and broomcorn millet 

were recovered from flotation analyses conducted at the 

Yangpu site in Suzhou City. Quantitative and frequency 

analyses indicated that rice accounted for the largest pro-

portion, followed successively by foxtail millet and broom-

corn millet. Furthermore, both rice and foxtail millet were 

also found at the Yuhui site of the late Longshan Culture, 

but unfortunately further studies were not carried out, owing 

to the small number of grains recovered (Yin, 2013). 

Above all, mixed farming of rice and millet appeared in 

both the upper and middle HRV at the end of the Neolithic 

(5.0–4.0 kaBP). As determined by quantitative and fre-

quency analyses, rice, foxtail millet and broomcorn millet 

occupied the main positions among the plant remains, alt-

hough some weedy seeds were also found, but plant remains 

attributable to gathering were basically absent. Thus, it 

seems that agriculture had established a dominant position 

by the end of the Neolithic. Mixed farming of rice and mil-

let appeared in both the upper and middle HRV, but there 

were some regional differences between different regions 

with regard to the number and frequency of plant remains as 

a whole. In the upper HRV, millet was more widely culti-

vated at the Dengfen and Yuzhou sites, located in the 

northern part of the upper HRV, but rice farming was more 

common at the Zhumadian site in the southern part of the 

upper HRV. However, in the middle HRV, rice and millet 

farming were equal components of the diet of the popula-

tion at the Yuchisi site in the western part, while rice was 

more commonly cultivated at the Yangpu site in the eastern 

part. These regional differences in the agricultural system 

might be related to variations inhydrothermal conditions in 

the different regions. However, the relationship between the 

agricultural differences and environmental and climatic 

changes needs further study, owing to the absence of high- 

resolution climatic records for the Holocene. 

5.5  Regional differences in the agriculture system be-

tween the upper and middle HRV  

From its origin and during its later development, the mixed 

farming of rice and millet exhibited differences beween the 

upper and middle HRV. 

Based on new and previously obtained archaeobotanical 

data, mixed farming of rice and millet first appeared in the 

upper HRV during the middle Neolithic and lasted until the 

end of the Neolithic, with early agriculture replacing gath-

ering as the main source of plant foods in the subsistence 

economy from the late Neolithic (6.8ka BP). Moreover, it is 

noteworthy that foxtail and broomcorn millet were more 

significant than rice at the high latitude of the upper HRV, 

while rice provided a higher proportion of the diet at the 

lower latitude of the upper HRV. Nevertheless, in contrast 

to the upper HRV, in the middle HRV, rice farming was the 

only agricultural economy during the middle Neolithic. So 

far, the earliest evidence for mixed farming is from the late 

Neolithic, with the proportion of rice being similar to or 

slightly higher than that of millet. However, because of a 

lack of systematic archaeobotanical analysis and high-reso-     

lution climatic records for these regions, some open ques-

tions remain about the transformation process and the mo-

tivation for the shift from single rice farming to mixed 

farming. 

6.  Conclusions 

Early agriculture in China originated in the early Holocene 

at about 11.5 ka BP and then gradually developed and grew 
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to maturity, promoting the formation of agricultural society 

and the origin of Chinese Civilization. The upper and mid-

dle HRV, located in the transitional zone of climate, culture 

and agriculture in eastern China, is the core area for the 

formation of early Chinese Civilization. Mixed farming of 

rice and millet is an important agricultural mode in these 

regions. The study described in this paper shows that mixed 

farming of rice and millet first appeared at least 8000 years 

ago in the upper HRV. The agricultural system then devel-

oped quite rapidly during the late Neolithic and became the 

main subsistence economy at the end of the Neolithic. 

However, the emergence and development of agriculture in 

the middle HRV is obviously different from that in the up-

per HRV. Rice farming was the only agricultural system 

during the middle Neolithic, and lasted until the late Neo-

lithic, when mixed farming appeared in the middle HRV. 

Furthermore, although mixed farming appeared in both the 

upper and middle HRV during the late Neolithic, the roles 

of rice, foxtail millet and broomcorn millet in the subsist-

ence economy were not the same. In general, millet was 

more widely cultivated than rice in the upper HRV, but rice 

occupied the same or a slightly more prominent position in 

the middle HRV at the end of the Neolithic. Nevertheless, it 

should be pointed out that systematic archaeobotanical 

analysis and high-resolution climatic records for these re-

gions are stilllacking. More work is needed to completely 

understand the transformation process andthe motivation for 

the shift from single rice farming to mixed farming, as well 

as the relationship between regional differencesand envi-

ronmental and climatic changes. 
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