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A B S T R A C T

We report archaeobotanical results from systematic flotation at what is presently the earliest Neolithic site with
hard evidence for crop cultivation in the Southwestern Chinese province of Yunnan, at the site of Baiyangcun.
Direct AMS dates on rice and millet seeds, included together in a Bayesian model, suggests that sedentary
agricultural occupation began ca. 2650 BCE, with cultivation of already domesticated rice (Oryza sativa),
broomcorn millet (Panicum miliaceum), and foxtail millet (Setaria italica). Soybean (Glycine cf. max) was also
present and presumably cultivated, although it still resembles its wild progenitor in terms of seed size. Additional
possible cultivars include melon (Cucumis melo) and an unknown Vigna pulse, while wild gathered resources
include fruits and nuts, including hawthorn (Crateagus) and aquatic foxnut (Euryale ferox). Weed flora suggests at
least some rice was cultivated in wet (flooded or irrigated fields), while dryland weeds may derive from millet
fields. This subsistence system persisted throughout the site's occupation, up to ca. 2050 BCE. These data provide
secure evidence for the spread of Chinese Neolithic crops to Yunnan, and provide new evidence for re-
constructing possible sources of cereal agriculture in mainland Southeast Asia.

1. Introduction

In many regions the Neolithic transition resulted from the migration
of farmers and the spread of key cereal crops from their centres of
domestication. In mainland Southeast Asia, evidence has long pointed
to the introduction of rice agriculture in the Neolithic via dispersal
processes from the Yangtze Valley region of China (e.g. Higham, 1996;
Bellwood and Renfrew, 2002; Castillo and Fuller, 2010; Silva et al.,
2015; Castillo et al., 2016a, 2016b). In recent years, it has become
evident that Neolithic cultivation in Southeast Asia also included foxtail
millet (Setaria italica), another Chinese domesticate but derived from
the more northern loess-based Neolithic traditions (Weber et al., 2010;
Castillo and Fuller, 2010; Liu et al., 2009; Qin, 2012; Stevens and
Fuller, 2017). The route or routes by which migrating farmers and/or
their crops moved from China to Southeast Asia has been open to dis-
cussion, with at least three major axes under consideration: (1) a coastal
route that started in Taiwan and Fujian (e.g. Bellwood, 1991, 1995;
Sagart, 2005; Bellwood and Dizon, 2008); (2) a route from the middle
Yangtze to the Lingnan and the Pearl river basin in Guangdong and then

onwards through Guangxi into Vietnam (e.g. Fuller et al., 2011); (3) up
the Yangtze to Yunnan and then moving down various north-south
rivers, such as the Mekong, into Southeast Asia (Higham, 1996, 2002a).
Potentially two, or all three, of these routes could have been followed in
parallel, and various language phyla in Southeast Asia (e.g. Aus-
tronesian, Austro-Thai, Austroasiatic, Tibeto-Burman) do suggest mul-
tiple southward and westward dispersals of farmers in prehistory (see,
e.g. Higham, 2002b; Blench, 2005; Bellwood, 2005; Van Driem, 2005;
Stevens and Fuller, 2017). The degree to which the present archae-
obotanical data can support any of these routes is highly variable. Any
or all of these scenarios fits with straightforward processes of spatial
diffusion of rice from one or two centres of domestication in the Middle
and Lower Yangtze (Silva et al., 2015), however the southern routes fit
less well with the dispersal of millet. Nevertheless, archaeobotanical
sampling from the southern provinces of China has been quite limited,
and the present paper reports results from new efforts at systematic
flotation for archaeobotanical remains in Yunnan province coupled
with direct AMS-radiocarbon dating of crop remains. Given the late
date of rice within southern China, e.g. after 2500 BCE (e.g. Zhang and
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Hung, 2008; Yao, 2010; Zhang and Hung, 2010; Yang et al., 2017), the
dating of early sites in Yunnan and the nature and crop composition are
key to understanding this agricultural transition and the migration of
farming communities into Southwest China and beyond.

With respect to these possible routes, we report the first flotation
results from the Neolithic site of Baiyangcun in north-western Yunnan
province China (see Fig. 1). Based on excavation over 35 years ago and
the chance recovery of rice (Yunnan Provincial Museum, 1981), this
site has played an important role in inferring the presence of rice cul-
tivation by ca. 2300 BCE in this region as a possible precursor to the
spread of rice to mainland Southeast Asia (e.g. Higham, 2002a). Some
questioned whether or not these finds were intrusive (e.g. D'Alpoim
Guedes and Butler, 2014), but new sampling and direct dating reported
here suggest otherwise. New excavations were carried out at the site in
2013–2014 by the Yunnan Province Institute of Archaeology, including
systematic archaeobotanical sampling through flotation, with sub-
sequent laboratory analyses ongoing through collaboration between
Peking University and UCL, with selected grains directly dated by AMS
radiocarbon in Oxford, and Glasgow respectively.

1.1. Baiyangcun site and excavations

The site of Baiyangcun (白羊村) is located in the Dali Bai
Autonomous Prefecture (大理白族自治州) in Binchuan county (宾川县),
north-western Yunnan (Fig. 1). Binchuan county is surrounded by high
mountains, reaching a maximum altitude of 3700 masl in the north-
west, and a lowest elevation of about 1000masl in the southeast (see
Fig. 1). The area is within the influence of the subtropical monsoon, and
characterized by distinctive wet and dry seasons, with an annual
average temperature of 12–15 °C, and annual average rainfall of about
750mm (Li and Walker, 1986). The Baiyangcun site is located in the
middle Jinsha (金沙江) Valley on the banks of the Bingju tributary
River, about 3 km east of Binchuan.

Discovered in 1972, the site underwent one excavation campaign

from November 1973 to January 1974. On this occasion, a total area of
290m2 was excavated and 8 cultural layers were identified that reached
a depth of 4.35m (Yunnan Provincial Museum, 1981). Excavated fea-
tures included 11 house foundations, 14 fire places, 48 ash and storage
pits, and 34 graves. Postholes were found along the perimeter of all
house foundations, which were most likely constructed as wattle and
daub structures. Storage pits were located around the buildings, and
were distinguished by their shape as rounded, oval, rectangular and
irregular opening features. Extended inhumation burials in rectangular
graves dominated numerically, and a few urn burials were also found.
Common burial customs included the placing of the dead in extended
supine position, and the removal of the skull (a phenomenon found in
about a third of the graves). A few secondary and multiple burials were
also found. All deposits were associated with Neolithic cultural re-
mains, which were found in and around the features in the form of
ceramic sherds, stone, bone, and shell tools (for a more detailed de-
scription of the material culture excavated in this occasion see Rispoli,
2007; Chang, 1964). According to the original excavation report,
findings of “white ashes”, interpreted as siliceous rice glumes, were
discovered in several storage pits, as well as numerous pig, cattle, and
sheep/goat bones. Radiocarbon dates were taken on charred wood re-
mains from posthole number 2 of house F3, and from an unnumbered
posthole from trench 7, implied occupation of the site to be between
2464 and 1974 cal. B.C. (ZK-0220, 3770 ± 85 BP)/2336–1777 cal.
B.C. (ZK-0330, 3675 ± 85 BP) (Yunnan Provincial Museum, 1981;
Zhang and Hung, 2010; CASS, 1978; see Table 2). Two main cultural
periods were identified within these early excavations: an earlier en-
compassing layers (8) to (6), and a later period, comprising layers (5) to
layer (2). No previous occupation seemed to have taken place, as early
house structures cut straight into the bedrock (F7–F11), while later
structures (F1–F6) were constructed on top of the early abandoned
remains. Rounded storage pits were found to be exclusively associated
with the later period.

Although rice remains were found during the first excavation of

Fig. 1. Location of sites mentioned in text: 1. Baiyangcun; 2. Dadunzi; 3. Haidong; 4. Xinguang; 5. Shifodong; 6. Mopandi; 7. Jiahu; 8. Baligang; 9. Bancun; 10.
Yingpanshan; 11. Haimenkou; 12. Baodun. Made with QGis.
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Baiyangcun, a number of problems persisted with the original methods
of recovery, as no flotation was carried out, and the cultivation of rice
was assumed rather than demonstrated through systematic analysis of
macro botanical remains (D'Alpoim Guedes and Butler, 2014). The
overall area of the site was estimated at 3000m2, however due to the
continuous erosion activity caused by the action of the nearby river and
modern agriculture, the true size of the site and the overall depositional
process still remained very unclear.

In order to clarify these issues, the Yunnan Province Institute of
Cultural Relics and Archaeology launched a new campaign of excava-
tions at Baiyangcun in 2013–2014. The new excavation area was set on
the northwest limit of the first excavation area. A total of 100m2 di-
vided between two trenches of 5×10m2 was dug. Trench 1 covered
the northern side of the new excavation area, and 23 cultural layers
were identified, reaching a depth of 4.8 m. Trench 2 covered the
southern side of the new excavation area, and 24 cultural layers were
revealed, also reaching an overall depth of 4.8m. Although more de-
tailed, the layers' division of the new excavation corresponds directly
with the original 8 layers. Features exposed over the course of the
second excavation include 18 house foundations, 11 fire places, 248 ash
and storage pits, and 23 graves. This most recent excavation report is
still unpublished.

2. Materials and methods

Over the course of the 2013–14 excavations, > 300 samples of be-
tween 5 and 20 L were taken, both from cultural layers and features.
Floats were collected using a 0.3 mm mesh, and each sample was dried
naturally and then sieved to obtain 4mm, 2mm, 1mm, 0.5mm,
0.25mm,< 0.25mm fractions. Standard sampling was carried out by
the same individuals, and therefore we attribute difference between
samples, in terms of item density and taxon representation to archae-
ological factors, either taphonomy or past human activity. Samples
were sorted and all macro botanical remains were extracted from each
fraction and identified under a stereo binocular low power microscope
at magnifications of up to ×40 through comparisons with charred and
modern reference material held at the Institute of Archaeology UCL.
They were then recorded following the nomenclature of eFloras' revised
Chinese flora (Wu et al., 2013; www.efloras.org). The present study is
based on full analysis of 35 samples chosen to represent the strati-
graphic sequence of the site. These include at least one sample from
each cultural deposit to form a complete top to bottom stratigraphic
sequence, and two additional ash pit deposits that were initially ana-
lysed to assess the preservation conditions at the site.

In order to establish the chronology of the site, direct AMS-radio-
carbon dating was carried out on rice and millet grains from the se-
quence of occupation layers within Trench 2 and additionally from
feature H118 (sealed by layer 15). Material was selected and AMS dated
at the Oxford University Radiocarbon Accelerator Unit (ORAU), and at
the Scottish Universities Environmental Research Centre Radiocarbon
Laboratory. The stratigraphic ordering of these dates means that it is
possible to refine their calibrations through use of Bayesian statistical
modelling of the dates as a sequence, which was carried out using the
OxCal software (Bronk Ramsey, 2009). This also allowed for boundaries
to be modelled that represent the start of the sequence, the end of the
sequence and the transition between phases.

2.1. Chronometrics results: dates and sequence

The archaeobotanical samples provided the opportunity to develop
a more robust and precise chronology for the site on the basis of high-
precision AMS dates on short-lived materials. Direct AMS dates on rice
grains have the advantage that the rice itself only acquire radiocarbon
in a particular year and could only have reached the site through
human actions of harvesting and crop-processing. The radiocarbon
determinations are shown in Table 1 (see also Supplementary

information for the AMS pre-treatment and analytical data).
The recorded excavation sequence allows us to use the stratigraphy

as a prior in a Bayesian model (Bronk Ramsey, 2009), and obtain
probabilistic age ranges corresponding with the start and end of Period
1 and the subsequent phase consisting of Periods 2 and 3, which are
recognized on the basis of ceramics. The INTCAL13 dataset was used in
the calibration (Reimer et al., 2013). We used a General Outlier Model
in order to explore the potential for outlying results that do not find
agreement with the archaeological sequence. These were assigned a
probability of 0.05.

The ceramic data from the site supports the idea of two broad oc-
cupation periods; an early period running from the base of the mound,
layer 24 to layer 17, and a later period from at least layer 15 to layer 8,
including H118. A Bayesian model of two phases is shown in Fig. 2. It
suggests that occupation of the site began ca. 2650 BCE, and certainly
no later than 2500 BCE. The first occupation phase lasted between 237
and 406 years (86% probability). A more detailed stratigraphic se-
quence model is illustrated in Fig. S1.

The Bayesian model implies that a possible hiatus in occupation
(0–221 years) followed (Fig. 2), although this is not a statistically sig-
nificant interval since the interval overlaps with zero. The second phase
of activity continued until 2179–1991 BCE. There were no significant
outliers identified within the modelling; all posterior probabilities were
less than the prior probability, which suggests a robust and internally
consistent chronometric sequence.

3. Results

3.1. General features of the assemblage and key economic taxa

A preliminary total of 35 samples were sorted and are presented in
this paper. Of these, 18 come from Trench 1, and 17 from Trench 2.
Apart from two samples taken from rubbish pits (both from Trench 2),
all other samples were taken from cultural layers (see Table 2). Average
sample volume was about 7 L, seed densities were calculated for Period
1 of c. 30 items per litre, and for Periods 2/3 of c. 16 items per litre. This
may reflect better preservation in the older and lower layers or else a
change in the intensity of plant-based activities that resulted in charred
preservation.

The majority of the samples appeared rich in charred remains,
yielding>30 species identified from 5979 plant remains. Identifiable
remains were classified into the following categories; cultivated cereal
remains, pulses, other edible species (fruits and nuts), and seeds of
weed species (grasses, sedges and other weeds). Rice and millet crops
occurred throughout the sequence, suggesting that agriculture was
central to the economy throughout the occupation of Baiyangcun.

3.2. Crops

Cultivated cereals are the most well represented category in the
assemblage, representing> 80% of the total identifiable remains
(Table S1). The raw count data shows that rice (Oryza sativa) is the most
prevalent species, accounting for almost 50% of the total identifiable
remains. Foxtail millet (Setaria italica) is the second most common
species and, together with broomcorn millet (Panicum miliaceum), ac-
counts for around one third of the total identifiable remains. Rice is the
most ubiquitous species, present in almost all sorted samples, foxtail
millet (Setaria italica) and broomcorn millet (Panicum miliaceum) were
present in more than half of the samples (Fig. 3). Rice is represented by
both grains and spikelet bases (Fig. 4A, D), whereas millets are only
represents by grains (Fig. 4B, C).

Recent research has proposed that there were at least two, and
perhaps four or five, possible centres for rice domestication in China;
two in the Middle and Lower Yangtze Valley regions, and possibly
further centres in the Lower Hanshui/Upper and Middle Huai Valley
region (Gross and Zhao, 2014; Silva et al., 2015; Deng et al., 2015;
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Table 1
Radiocarbon dates from Baiyangcun. Calibrated ranges are given at 68.2 and 95.4% probabilities using OxCal 4.3 and the INCAL13 curve (see Fig. 2).

Context Material Lab Code Cal. date BP Calibrated age BCE (68.2%
prob.)

Calibrated age BCE (95.4%
prob.)

F3 posthole 2 (1973 exc.) Wood charcoal (bulk) ZK-0220 37660 ± 85 2190–1920 2296–1860
Unnumbered posthole from trench 7 (1973

exc.)
Wood charcoal (bulk) ZK-0330 3570 ± 85 2030–1770 2190–1690

2013 excavation:
Layer 8 Rice grain OxA-33,286 3743 ± 29 2201–2060 2276–2036
Layer 8 Rice grain OxA-33,290 3764 ± 28 2271–2138 2287–2050
Layer 9 Rice grain OxA-33,291 3718 ± 29 2193–2041 2201–2031
Layer 9 Rice grain OxA-33,327 3689 ± 35 2135–2031 2197–1966
H118 (sealed by layer 15) Rice grain OxA-33,328 3731 ± 30 2198–2046 2267–2032
H118 (sealed by layer 15) Rice grain OxA-33,293 3735 ± 29 2199–2051 2267–2035
Layer 17 Rice grain OxA-33,287 3916 ± 29 2469–2348 2476–2299
Layer 17 Rice grain OxA-33,292 3898 ± 29 2462–2346 2469–2298
Layer 20 Setaria italica millet grains

(n=3)
SUERC-73806 3929 ± 23 2474–2349 2488–2339

Layer 21 Rice grain OxA-33,288 3958 ± 30 2566–2411 2570–2347
Layer 21 Rice grain OxA-33,289 4035 ± 28 2580–2491 2624–2475
Layer 24 Setaria italica millet grains

(n= 3)
SUERC- 73802 4110 ± 34 2853–2584 2868–2573

Fig. 2. Radiocarbon dates from Baiyangcun, 2013 excavation calibrated in a Bayesian model incorporating stratigraphy and phasing (Bronk Ramsey, 2009), using
OxCal 4.3 software (Bronk Ramsey, 2009). See text for details. CQL code is in the Supplementary information.
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Stevens and Fuller, 2017). The earliest finds of rice cultivation have
been found at sites from these areas from the 7th millennium BCE on-
wards. Later finds of rice remains, associated with clear evidence of
domestication, assessed through spikelet bases and rice grain morpho-
metrics, have suggested that rice underwent a long and protracted
domestication process over at least 2500–3000 years (see Fuller et al.,
2009, 2014 for data from the Lower Yangtze region; Deng et al., 2015
for the Hanshui; and Qin, 2012; Fuller et al., 2016a, for more general
overviews). It has been proposed that rice became fully domesticated at
around 4000–3700 BCE in the Lower Yangtze Valley, and although
clear data from the Middle Yangtze region are still lacking, it has been
hypothesized that rice became domesticated there at a roughly similar,
or slightly earlier, date (Nasu et al., 2012; Gross and Zhao, 2014). New
data from the Hanshui valley suggest that domestic rice cultivation in
the region was present by 6300 BCE (Deng et al., 2015), and was well
underway in the Lower Huai region during the Shunshanji culture

before 6000 BCE (Nanjing Museum, 2016).
Previous studies on early rice have proven how the examination of

spikelet bases is useful to assess the domestication status of the crop,
especially in terms of its evolving reliance on planting by farmers
(Fuller et al., 2009; Fuller and Allaby, 2009; Fuller et al., 2014; Deng
et al., 2015; Castillo et al., 2016a, 2016b). Following the criteria out-
lined in Fuller et al. (2009), rice spikelet bases from Baiyangcun were
examined to classify rice remains in more detail. Wild spikelet bases are
usually characterized by a smooth, round and symmetrical abscission
scar, produced by natural shattering. Having lost the ability to shatter
naturally, domesticated rice requires threshing after harvest, which
results in an uneven, torn, asymmetrical abscission scar in spikelet
bases. Immature grains are harvested alongside fully mature grains
particularly when ripening is still asynchronous; their spikelet bases can
be distinguished from fully mature ones by the presence of a pro-
truding, broken rachilla still attached to the stem.

Within the samples from this study, a few have high concentrations
of spikelet bases (Fig. 4D), which could suggest inputs from primary
dehusking waste; other samples present a higher grain/grain fragments
count, which could indicate cooking waste, or secondary refuse from
which spikelet bases have been filtered out by transport and redis-
position, i.e. spikelet bases may be reduced either by secondary de-
struction of loss during sweeping activities. Overall, 179 spikelet bases
were found. Domesticated spikelet bases take up about 76%, immature
11%, and wild spikelet bases just below 4% (8% were too broken to be
clearly identified). Wild spikelet bases are present in a very low count;
thus we can safely infer that rice at Baiyangcun was transmitted to the
region as a fully domesticated crop, as might be expected. The presence
of wild rice is comparatively low, with between 10%–20% wild types
recorded in central China Longshan and Yangshao sites (Fuller et al.,
2010) and 6%–12% recorded at Iron Age sites in India and southern
Thailand (Castillo et al., 2016a, 2016b). The low presence of wild
spikelet bases implies that wild rice (O. rufipofon) did not infest these
early fields as a weed to any great extent; this is to be expected at higher
elevations such as the middle Jinsha Valley, although it could also re-
flect effective and intensive hand weeding of rice crops.

In Yunnan only a few early sites, dating roughly from 2600 BCE
onwards have produced rice remains (Fig. 1): Baiyangcun, Dadunzi,
Haidong, Xinguang, Shifodong and Mopandi sites (Yunnan Provincial
Museum, 1981; Xiao, 2001; Yunnan Provincial Institute of Cultural
Relics and Archaeology, Dali County Cultural Relics and Yongping
Cultural Relics, 2002; Yunnan, 2003; Zhao, 2010; Zhang and Hung,
2010; Yao, 2010; D'Alpoim Guedes and Butler, 2014; Jin et al., 2014; Li

Table 2
Summary of flotation samples and plant remains by period and context type.

Period 1
2650–2300 cal.
BCE (modelled
phase)

Periods 2/3
2200–2050 cal.
BCE (modelled
phase)

Volume floated (litres) Around 122 L Around 139 L
No. of samples 17 18
Cultural layers 17 16
Ash pits 0 2

No. of identified species 30 38
Cereals
Oryza sativa
(grains+ fragments+ spikelet
bases)

2301 614

Setaria italica 972 948
Panicum miliaceum 74 25

Pulses
Glycine max/soja 3 13
Other (including Vigna sp. and other
legume fragments)

4 3

Other possible cultigens/edible plants 43 68
Chenopodium 43 54
Grasses- dryland weeds
Echinochloa sp. 60 128
Other grasses 116 316

Sedges (Cyperaceae)- wetland weeds 33 47
Other weeds 30 39
Total macro-remains 3679 2255

Fig. 3. Ubiquity of selected taxa across all periods of Baiyangcun based on data reported in the present paper.
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et al., 2016). However, only at Baiyangcun, Dadunzi and Shifodong
have rice remains been recovered through systematic flotation. Given
the late rise of agriculture in this area, scholars have hypothesized that
it was transmitted to Yunnan from the Yangtze Valley, although which
route was followed is still under discussion (Zhang and Hung, 2010;
Yao, 2010). Many of these previous studies have focused on the spread
of language families (e.g. Higham, 2002b; Bellwood, 2005; Van Driem,
2005) and only recently has there been an increasing interest in finding
archaeological hard evidence to investigate these claims, as exemplified
by this research. Recently, Jin et al. (2014) reported results from the
Dadunzi Neolithic site in northern Yunnan based on results obtained
from systematic flotation. The archaebotanical assemblage at Dadunzi
is dominated by millet grains, with rice occupying only 5% of the total
seed assemblage (Jin et al., 2014). However, many spikelet bases were
recovered (3520), which were not included in the 5%, so the im-
portance of rice is likely underestimated. Evidence of phytoliths from
the 1st millennium BCE at additional sites in the region, indicate that
rice cultivation was widespread by this period (Liu et al., 2016; Li et al.,
2016), although it could be contended that the limited application of
systematic flotation means that the phytolith record is biased towards
rice, which is more readily recognized from single cell leaf or spikelet
morphotypes than millets (see Harvey and Fuller, 2005; Weisskopf and
Lee, 2016).

Millet identifications were made in line with categories and criteria
outlined by Deng et al. (2015) with immature grains separated fol-
lowing Song et al. (2012). Immature grains of both Setaria and Panicum
were recovered from Baiyangcun; immature grains resemble general
characteristics of fully mature ones, but are usually flatter and smaller.

Distinguishing between Setaria and Echinochloa has sometimes proven
difficult, and Echinochloa was systematically differentiated from Setaria
through the close examination of the embryo, which reaches a max-
imum breadth at the lower end in Echinochloa (the maximum breadth in
Setaria is the centre of the embryo), and the presence of a hilum that is
broader than it is long. Remains of possible Setaria cooking by-products
have been recovered from one sample, and they are awaiting further
assessment through SEM analysis.

The domestication of millets in China is still poorly understood.
Whereas the wild ancestor of Setaria italica has been identified con-
vincingly with Setaria viridis (Eda et al., 2013). The wild progenitor of
Panicum miliaceum remains disputed. It is possible that the ancestral
populations are extinct, or else the weedy Panicum miliaceum var. ru-
derale represents the remnants (Hunt et al., 2011). P. ruderale type
grains have been found as a contaminant of millet assemblages in
Yangshao/Longshan sites in central China (Fuller and Zhang, 2007;
Deng et al., 2015; Song et al., 2017). Several possible centres for millet
domestication have been identified in China, with sites dating from the
6th millennium BCE onward located in Northern Henan; Southern
Hebei; West Shandong; Manchuria, and Gansu (Liu et al., 2009; Qin,
2012; Ren et al., 2016; Stevens and Fuller, 2017). However, the precise
number of possible domestication centres is still debated among scho-
lars, and the lack of hard evidence from many sites in those areas has
made it challenging to clearly resolve the issue.

From the samples we analysed, it seems that millet had an im-
portant role in the subsistence regime of Neolithic Yunnan, however it
was secondary to rice initially. As proposed by D'Alpoim Guedes
(2011), millet cultivation might have facilitated the spread of

Fig. 4. Photomicrographs of representative macro-remains from Baiyangcun: A. rice grain (Oryza sativa) from Trench 2/Layer 20; B. broomcorn millet (Panicum
miliaceum) from Trench 2/Layer 20; C. foxtail millet (Setaria italica) from Trench 2/Layer 20; D. rice spikelet bases of domesticated type (Oryza sativa) from House F7;
E. immature foxtail millet grain (Setaria italica) from pit H118; F. barnyard millet/grass grains (Echinochloa sp.) from Trench 1/Layer 10; G. Soybean (Glycine cf. max/
soja) from pit H47; H. hawthorn (Crataegus sp.) from Trench 2/Layer 21.
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agriculture in those areas of southwest China where unsuitable condi-
tions for rice cultivation existed. This can be expected in particular in
higher elevation regions or areas with steep slope, since early rice
varieties coming from the Yangtze are inferred to be adapted to wet
field cultivation systems (Weisskopf et al., 2015a, 2015b; Deng et al.,
2015), in contrast to the upland rice that developed subsequently on the
trajectory from Guangdong/Guangxi to Southeast Asia (Fuller et al.,
2011). A mixed crop economy in Yunnan would have reduced crop
failure risk, facilitating human long-term occupation of those areas at a
high altitude (e.g. D'Alpoim Guedes, 2011; D'Alpoim Guedes and Butler,
2014; D'Alpoim et al., 2015). The prominence of rice cultivation at
Baiyangcun might have been due to wetter climatic conditions (in
comparison to Dadunzi site, a slightly later Neolithic site in northern
Yunnan where presently annual precipitation is about 650mm; annual
precipitation at Baiyangcun is instead about 750mm). Although in ei-
ther case rainfall is too low to support rainfed rice (Jacquot and
Courtois, 1987; Fuller et al., 2011), which would instead have had to
rely on alluvial flooding or irrigation from the river. In which case, a
key factor is likely to be the wider alluvial plain area near Baiyangcun,
suitable for rice cultivation.

3.3. Pulses

Not many pulse remains were recovered and identified, but 16 seeds
of soybean (Glycine cf. max/soja) were spread across 6 samples
(Fig. 4G). The domestication process of the soybean has thus far been
documented by evidence for seed size increase, which has been hy-
pothesized to have occurred on multiple occasions, including in North
China and Japan, and possibly Korea (Lee et al., 2011). To date the
most likely loci of domestication in China has been identified in the
Yellow River basin (Lee et al., 2011; Fuller et al., 2014), where seed size
change marking the domestication episode is evident over the course of
the Yangshao period (4th and 3rd millennium B.C.) at rates comparable
to change documented in other pulse crops (Fuller et al., 2014). Early
finds of soybean, that could be gathered wild, or the earliest stage of
pre-domestication cultivation, come from Jiahu (7000–6600 BCE; Zhao
and Zhang, 2009), Baligang (6700–6500 BCE; Deng et al., 2015), and
Bancun (6000–5000 BCE; Kong et al., 1999). Charred grains of soybean
have been reported only from Yinpanshang, an early Neolithic site in
northern Sichuan (3300–2600 BCE; Zhao and Chen, 2011), and the
finds from Baiyangcun are the earliest report of soybeans in Yunnan.
Later reports of soybean both in north, central and southwest China
were associated with western domesticates, such as wheat and barley.
In Yunnan soybeans have been found in association with wheat at the
Bronze Age site of Haimenkou (1500–1200 BCE; Xue, 2010). This has
led to the hypothesis that the soybean reached Yunnan with the later
spread of western domesticates such as wheat (Stevens et al., 2016;
D'Alpoim Guedes et al., 2013). However, our finds from Baiyangcun
suggest that soybeans diffused to southwest China earlier than pre-
viously thought, and most likely in association with the spread of
millets and rice. Nevertheless the soybeans recovered are on the small
side, comparable to Early Yangshao rather the Longshan examples from
the Yellow River basin (Lee et al., 2011; Fuller et al., 2014) suggesting
that this represents a form that had diffused out of central China prior
to the full seed size increase associated with domestication.

A few examples of a small-seeded Vigna sp. have also been found
(Fig. 5). These occurred as single seeds in four different contexts. They
are readily identifiable by their barrel shape and visible plumule rem-
nants on the interior of the cotyledon. Three major Vigna crops were
domesticated in prehistoric India (Fuller and Harvey, 2006), while rice
bean (V. umbellata) is thought to originate in mainland Southeast Asia
(Castillo and Fuller, 2010; Castillo et al., 2016a, 2016b), and azuki bean
(Vigna angularis) in Japan and/or Korea (Lee, 2013). The present spe-
cimens do not match any of the domesticated crops and suggest a
smaller-seeded Vigna taxon, yet to be identified from among several
potential candidates that could have occurred wild in Yunnan

(Tomooka et al., 2003). Possibly similar small Vigna seeds have been
reported from Neolithic Dadunzi (Jin et al., 2014) and Bronze Age
Baodun, Sichuan (D'Alpoim Guedes et al., 2013). Further work is need
to unravel the role of gathering or potential cultivation of a local Vigna
legume.

3.4. Fruits and nuts

A few seeds of edible fruit and nut species were found in the sam-
ples. Fruit species are present in very low counts throughout the sorted
samples reported here. Possible collected edible wild plants include
hawthorn (Crataegus sp.), represented by seeds (Fig. 4H), and what has
been identified as endocarp of chinaberry (Melia azedarach), and an-
other fruit pip provisionally referred to as cf. Garcinia sp., although this
identification requires further comparative study. A few fragments of
melon (Cucumis cf. melo) seeds were also found, preserved mineralized
(Fig. 6A), possibly indicating that these had been ingested and excreted
(see Murphy, 2014). It is possible this species was cultivated, as it was
domesticated in the lower Yangtze region (Fuller et al., 2014), and was
likely cultivated in the Neolithic of the middle Yangtze since ca.
4000 BCE (Nasu et al., 2012), and thus could have reached Yunnan with
the spread of other cultigens. However, its low presence in the samples
makes its status difficult to determine, and wild melon can be expected
to have been available in the region (Yang and Walters, 1992). Nut
species are better represented, accounting for 10% of the overall total
identifiable remains, and were present in 45% of the sorted samples.
Presently the only identifiable species is Euryale ferox (foxnut), with 60
identifiable fragments (Fig. 6B). Wild species are not very numerous
and when present, have rather low counts. This might indicate that wild
food gathering, although present, did not play a major role in the early
subsistence at Baiyangcun. A few fragments of other likely fruits and
nuts are still awaiting identification.

3.5. Field weeds

Several types of weed species, both of rice and millets, are con-
sistently present, and recovered from 82% of the sorted samples (see
Fig. 3), although each species is only sparsely represented. These spe-
cies most probably represent part of a weed assemblage which is
dominated by barnyard grass (Echinochloa sp.) (Fig. 6F), followed by
Digitaria species, a common weed of rice or millets (Fig. 6C), and thirdly
by green bristlegrass (Setaria viridis), a weedy form of wild foxtail millet
(Fig. 6D). Echinochloa accounts for only about 3% of the total identifi-
able remains, yet is the fifth most ubiquitous species, found in 54% of
the total samples sorted. Other wild grass weed species include, Setaria
verticillata (Fig. 6E), Eragrostis sp. and cf. Poa. Commonly found sedge

Fig. 5. Photomicrograph of Vigna sp. cotyledon (exterior view) from Trench 1/
Layer 10.
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weeds include Fimbristylis sp., and Schoenoplectus mucronatus (Fig. 6F).
Other weed species include Stachys/Mosla sp., sometimes preserved
mineralized (Fig. 6G).Wetland weeds are most often associated with
rice remains in the samples, thus it seems likely that rice was grown in
the lower lying wetland areas, and that dry upland rice varieties may
have not yet developed at the time.

Echinochloa sp. is a common weed found in paddy rice agriculture.
However, two species have been domesticated and are grown as cereals:
Echinochloa escultenta (Japanese barnyard grass), and Echinochloa fru-
mentacea (Indian sawa millet). The former is cultivated widely in the
temperate areas of Japan, Korea and northern China, and the latter is
found in more tropical areas of India, and eastward to Yunnan (De Wet
et al., 1983; Chen and Phillips, 2006). Wild use of Echinochloa has been
attested in the Chinese Neolithic, as recently reported by Yang et al.
(2015). Phytoliths and starch remains on stone tools demonstrated how
wild Echinochloa was processed as food resource at the site of Shang-
shan, in the Lower Yangtze region (one of the key areas for rice do-
mestication in China) by 7000 cal B.C. (Yang et al., 2015). In the sam-
ples from Baiyangcun reported here. Echinochloa is frequently found in
samples that are rich in rice, therefore we believe that at Baiyangcun
Echinochloa was more likely a weed of rice cultivation, and not culti-
vated itself as a food resource. However, this possibility cannot be
completely ruled out, and it could also have been an edible weed that
contributed additional caloric value to rice harvests. More work on this
taxon will be needed in future research.

Finally, a total of 97 Chenopodium sp. seeds were found (Fig. 6H),
spread throughout over half of the sorted samples. This species is pre-
sent in a rather low quantity in each sample, and although Chenopodium
has been found as a possible cultivated species at earlier dates in other
parts of China (D'Alpoim Guedes and Butler, 2014), its low count from
Baiyangcun samples seems to suggest that it is more likely present in
the assemblage as a weed species of millet. Nevertheless, further in-
vestigation of domestication status of Chenopodium is warranted as
domesticated forms of C. album (syn. C. giganteum) are cultivated eth-
nographically in Yunnan and the Himalayas (Pratap and Kapoor, 1985;
Zhu et al., 2003).

Extremely well preserved mineralized remains were recovered from
layer 23 S2 in Trench 2. In this sample apart from a few charred grains
of rice and Echinochloa, all macro-remains, including other cultivated
species, such as Setaria and Panicum, as well as field weeds, and frag-
ments of Euryale and melon seeds, were mineralized. This cultural layer
is the second to last before the bedrock, lying above layer 24, which
produced relatively few charred plant remains. Layer 23 represents the
beginning of human occupation and activities at the site, but more work
needs to be done in order to better understand the context and the
reason behind the mineralisation of its remains. Mineralisation of seed
remains occurs when there is a high presence of calcium phosphate in
the soil; in archaeological contexts this happens most often in associa-
tion with faecal matter and urine. This finding from the Baiyangcun
samples could therefore indicate a build-up of sewage or animal dung
within this area during the initial human occupation of the site.

3.6. Archaeobotanical sequence: evidence for agricultural change?

Overall, the assemblage composition appears fairly homogeneous
throughout all the samples; there is no substantial change in the crop
package between the two major periods of occupation at Baiyangcun.
Minor differences in the overall frequency of the species are present
between Period 1 and Period 2/3 (see Fig. 7). Rice and millet (Setaria)
ratio shows some changes between the two periods of occupation, with
rice being the more prominent crop during the first period, but de-
creasing substantially in relation to foxtail millet in the later occupation
of the site. Panicum miliaceum (broomcorn millet) is not very well re-
presented in either of the periods, accounting for just about 1% of the
total identifiable remains, and even showing a slight decrease in the
later phases in samples from Trench 1. Samples from Trench 1 appear
generally richer in remains during Period 2/3 compared to Period 1.
Samples from Trench 2 appear richer in cultivated crops during phase
1; however, there is a substantial increase of sedges and other grasses in
the samples from this trench during Period 2/3, an increase that is also
shared with samples from Trench 1. In the later phases there is also an
overall increase in the ratio of rice spikelet bases to rice grains, and the

Fig. 6. Photomicrographs of selected specimens: A. mineralized melon (Cucumis cf. melo) seed from Trench 2/Layer 23; B. Fragment of charred foxnut (Euryale ferox)
from Trench 2/Layer 6; C. caryopsis of crabgrass (Digitaria sp.) from Trench 2/Layer 6; D. Caryopses of green foxtail (Setaria viridis) from pit H118; E. Caryopsis of
wild/bristley foxtail (Setaria cf. verticillata) from Trench 1/Layer 13; F. Nutlet of ricefield bulrush (Schoenoplectus mucronatus) from Trench 2/Layer 3; G. Mineralized
seed of wild mint (Stachys/Mosla sp.) from Trench 2/Layer 23; H. Charred seed of goosefoot (Chenopodium sp.), from Trench 1/Layer 10.
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number of immature millet grains. This could indicate changes in
processing habits, such as an increase in small scale processing, hence a
greater prevalence of this material within the generated waste. How-
ever, at present distinguishing between rice and millet weeds is still
rather difficult, and it should be a target for future research. Soybean
and melon seeds are equally represented in both periods. Finally, there
is a slight increase in pulses, nuts and wild species in the later levels of
occupation throughout the site.

3.7. Comparative discussion

Only a few early sites in Yunnan have been investigated archae-
obotanically, providing macrofossil evidence through the implementa-
tion of systematic flotation that allows us to discuss past subsistence
regimes in the area (Li et al., 2016). Dadunzi and now Baiyangcun are
the earliest of such sites. Subsistence at Dadunzi was likely a mixture of
upland dry millet and lowland wet rice cultivation, with millet being
prominent (Jin et al., 2014). At Baiyangcun, subsistence was also likely
based on a mixed millet and rice crop economy, however, rice seems to
have had a more prominent role during the initial phase of occupation,
becoming secondary to millet (Setaria italica) during the last phases.
This shift is paralleled by an increasing proportion of upland versus
wetland weeds (Fig. 8), which probably reflects input from millet and
rice harvests, respectively. Baiyangcun is located in an area affected by
the subtropical monsoon, with distinctive wet and dry seasons, but
rainfall today is too low to support dry rice, i.e.< 800mm/annum

(Jacquot and Courtois, 1987; Fuller et al., 2011), and even under wetter
conditions in the past it is likely to have been marginal. Thus a key
factor is rice cultivation for the site must be its proximity to an affluent
of the Jinsha River, and wide level floodplains on which wet rice could
be supported by seasonal flooding and/or water management. Seasonal
river floods can be expected to have provided the Baiyangcun in-
habitants with a reliable and abundant water supply for paddy field
rice, and at present we see no reason to hypothesize any systematic
water management, although this deserves further investigation. Rice
fields were probably located next to the river and in areas reached by
early summer floods from both monsoon rainfall and up-river snow-
melt. Millet cultivation based on rainfall would then have been located
on the surrounding low slopes and areas beyond the reach of the floods.
If sowing took place immediately following the floods, farmers would
have been able to judge in which areas to sow millet based on the
varying extent of floods. The relative increase in millet may be due to
the simple fact that land area under millets could be readily expanded,
whereas suitable alluvial sites for rice would have remained more or
less the same over time.

Our data disprove the recent hypothesis for agricultural develop-
ment of Li et al. (2016). Li et al. (2016) discuss the overall agricultural
development of the Yunnan-Guizhou plateau region, based largely on
phytolith evidence and the few published archaeobotanical data, and
they hypothesized that the first stage of agriculture in the area
(2800–1900 cal B.C.) was based solely on rice cultivation. Our finding
of millets, both Setaria italica and Panicum miliaceum, throughout the

Fig. 7. Relative frequency of major crop and weed categories comparing Period 1 and combined Periods 2 and 3.

Fig. 8. Pie charts comparing the relative proportions of Echinochloa, dry/upland weeds and wetland rice weeds in Period 1 and combined Periods 2 and 3.
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site of Baiyangcun contradicts this and indicates that millet cultivation
was important from at least ca. 2600 BCE when Baiyangcun was first
occupied. Millets and rice appear together also at the slightly later site
of Dadunzi (2000–1600 cal B.C.). We therefore propose that millets and
rice arrive together in Yunnan as part of a crop package, probably de-
rived from Sichuan (D'Alpoim Guedes et al., 2013). Here, both crops
appear cultivated together at Baodun at around 2500 cal B.C. (D'Alpoim
Guedes et al., 2013). The Sichuan early agricultural systems seem to
have had two source regions: the middle Yangtze valley to the east for
rice cultivation, and the north for millet cultivation. We suggest that the
separate spread of the two economic traditions met at Baodun, and
presently provide the first instance of the mixed rice and millet crop
economy in southwest China. It seems possible that this mixed millet
and rice economy then spread from Sichuan to Yunnan as a package,
and it was then adapted to the local ecological and climatic conditions,
favouring either one of the two main crops if encountering drier or
wetter conditions. Preliminary analysis of Baiyangcun samples has also
shown how other species were present, such as soybean. However,
soybean has not been found at Baodun, or any of the other sites in
Sichuan, apart from Yingpanshan. It seems that soybean arrived to
Yunnan together with rice and millets, contrary to the previous pro-
posal that soybean was a later secondary crop dispersal from the north
based on their co-occurrence with the earliest wheat at Haimenkou in
the mid Second Millennium BCE (Xue, 2010; Stevens et al., 2016). The
reason why soybean is missing from many sites, such as in Sichuan, is
unclear, and it is possible that interest in soybean related to traditions
of diet and/or agriculture in which legumes were more or less favoured.
This requires further investigation.

4. Conclusion

The agricultural transition of Yunnan seems to have taken place as
early as the first half of the 3rd Millennium B.C. New archaeobotanical
evidence obtained through flotation during the 2013–14 excavation
seasons at Baiyangcun has shown how the early agricultural system of
the region shares some similarities, as well as some contrasts with that
of Sichuan, believed to be the source region for Yunnan agriculture.
Contrasts with the north include the role of soybean in early agriculture
and diet in Southwest China, which appears to have varied. Both rice
and millets had a prominent role as major crops since the early stage of
agricultural practice in Yunnan, as they had slightly earlier in Sichuan.
Rice would have been cultivated in wet, flooded alluvial contexts
whereas rain-fed millet cultivation took place further from the river.
The presence of wetland rice cultivation in Yunnan differs from the
available inferences that early rice in mainland southeast Asia was
largely a dry, rain-fed crop in prehistory (Castillo and Fuller, 2010;
Fuller et al., 2011, 2016a, 2016b; Castillo et al., 2016a, 2016b). Millet
cultivation at Baiyangcun included both northern Chinese domes-
ticates, Setaria italica and Panicum miliaceum. In addition, soybeans
(Glycine max), another domesticate from northern China, and melon
(Cucumis melo) augmented agricultural production, and could have
served in effective crop rotations with the millets. Although Yunnan has
often been discussed in relation to the dispersal of agriculture from
China to mainland southeast Asia, the agriculture at Baiyangcun in-
cluded a diversity of agriculture not yet recorded in mainland southeast
Asia, including P. miliaceum and G. max, as well as wet rice. While
agricultural production was augmented by some fruits and nuts, further
research is needed on the role of Yunnan in the cultivation of fruit di-
versity. The data reported here, nevertheless, highlight the great po-
tential of systematic archaeobotany to reveal the subsistence founda-
tions of early Yunnan and how these relate to those of other regions.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jasrep.2018.06.005.
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