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Chapter 2 Literature review

The focus of this study is to explore the utilisation of plants, such as nuts, grass seeds
and vegeatively propagated plants, in the subsistence strategy prior to the
introduction of cereal agriculture (rice and millet) to Guangxi. This chapter reviews the
systematic archaeobotanical studies in northern China and the Yangtze River Basin, as
well as therelatively few archaeobotanical studies in southern China, which provides

a general understanding of the present status of archaeobotany in China before
presenting the implementation and discussion of a suite of archaeobotanical

assessments of freshwateheall midden sites in southern China.

Two independent sudgentres of early agriculture in Chigahe northern centre along

the Yellow River based on the cultivation of milleBetaria italicaand Panicum
miliaceun) (Bettinger et al. 2010; Zhao 20§)£2014) and the southern centre in the
middle and lower Yangtze Rivemmainly focused on riceQryza sativa cultivation
(Deng et al. 2015; Fuller et al. 2009; Fuller 2011; Zhao 2011) are reviewed. A putative
third agricultural centre, based on tuber and robps and located along the Pearl
River Basin in southern China (Zhao 2005, 2006), is also reviRieed(Section 2.2)
and millet (Section 2.3) agricultural centres are described in detail by outlining their
developmental phases, with representative sitand dispersal routes. The putative
agricultural centre in southern China is also reviewed by a discussion of current
archaeobotanical studies about the plant utilisation, especially vegetatively

propagated plants, in Guangxi and Guangdong (Section 2.4).

13
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Early agriculture in China is primarily considered to have occurred in two independent
sub-centres: the northern centre along the Yellow River, based on the cultivation of
foxtail millet Setaria italich and broomcorn millet Ranicum miliaceun) (e.g.
Bettinger et al. 2010; Zhao 20842014); and the southern centre in the middle and
lower Yangtze River, mainly focused on riGeyga sativacultivation (e.g. Crawford
2012; Deng et al. 2015; Fuller et al. 2009; Fuller 281l¢a et al2018;Zhao 2011).
According to current studies, researchers propose that there may have been a
putative third agricultural centre, based on tuber and root crops, along the Pearl River
Basin in southern China (Zhao 2005, 2006) 2-1g. The study of r& including the
origin and domestication of rice and the beginning of rice agriculture in China still
remains uncertain and controversial (Fuller et al. 2007; Liu et al. 2007), while the study
of early millet agriculture is not as waleveloped as for ce (Zhao 2011). The origins
and early development of agriculture in southmost China have long been under
researched, partly due to scarce evidence and poor application of archaeobotanical

techniques (Denham et al. 2018).

Current archaeological evidencemonstrates that all the above regions have close
connections in exchange and dispersal of crops during the Neolithic period, @ 9000
4000 cal BP (Fuller 2011; Qin 2012; Zhao 2011). It is necessary for us to understand
how cereal farming was developed ihet Yangtze River Basin and northern China
before it was introduced into southern China. In addition, by reviewing the
archaeobotanical studies of these three regions, plant utilisation in southern China
can be compared with that in the Yangtze River Basth northern China during the

early and middle Holocene. Thus, the archaeobotanical assessment undertaken in this
study can be interpreted and discussed in a broader context in China. Based on the
division of regional agricultural trajectories, this chaptell be divided into three

parts, comprising ricéased agriculture in the Yangtze River Basin, nblested

14
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agriculture in northern China, and putativaiycertain agriculture (vegetatively

propagated plants) in southern China.

————— 9,000-7,000 BP
——__-ZZ. 5,000-4,000 BP A

---------- 6,000-5,000 BP
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Rice is one of the major crops in the origin of Chinese agriculture during the Neolithic
period. The earliestice remains (phytoliths, charred grains and husks) found in China,
c.10,000 cal BP, are recovered from archaeological sites in the middle and lower
reaches of the Yangtze River, such as Xianrendong (Zhao 1998), Diaotonghuan (Zhao
1998), Yuchanyan (ZhangdaYuan 1998) and Shangshan (Zheng and Jiang 2007). In
these areas, especially in the lower reaches of the Yangtze Rivericéhase was
continuous and has shown a clear development trajectory. Zheng et al. (2007)
calculated the domestication rate of eédbased on unearthed rice spikelet bases at
Kuahugiao, Tianluoshan and Luojiajiao. According to these calculations, they reckoned
that rice domestication commenced 10,000 years ago. Zheng and Jiang (2007) argue
that primitive cultivated rice, which was the primary stage of domestication, had

emerged in the late period of Shangshan culturel(;00@;8500 cal BP) by analysing
15
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the morphologies of rice glumes, spikelet bases and motor cell phytoliths mixed in the
unearthed pottery sherd at Shangshauiu etal. (2009) measured the size and length
width ratio of carbonised rice unearthed from Shangshan, and found Shangshan rice
was larger and its lengttvidth ratio was smaller than that of wild rice, which could
not rule out the possibility that Shangshan pé® began to intentionally intervene

with the growth cycle of riceHowever, based on the study of rice spikelet bases
unearthed from Tianluoshan, Fuller et al. (2009) found the proportion of-non
shattering domesticated ricé0fyza sativaincreased from 2% to 39%, and suggest
that rice was cultivated in &000;7700 cal BP and that the process of rice
domestication occurred 69@®600 years ago in the lower reaches of the Yangtze
River. Although research methods and conclusions of researchers differstineies

all show that the Yangtze River valley, especially the lower reaches, is an important
area for ricecultivation and domesticatiofe.g. Deng et al. 2015; Fuller et al. 2009;

Fuller 2011).

However, there are still some hypotheses that claim riégghthbe first cultivated and
domesticated in other regions. With the discovery of rice remains at the Jiahu site,

G, yBdzi 8 NAGBSNI 2NAIAYyE KlFa 0S02YS Fy20iKSNJ
2.2). Moreover, for the past few years, new data from Yweng (28 charred rice

grains, site dated to c. 90Q@000 cal BP) (Crawford et al. 2006, 2013) and Xihe (49

charred rice grains, site dated to c. 8000 cal BP) (Wu et al. 2013; Wu 2019) in Shandong
Province further expand the scope of an early rice econtorthe north. In addition

to the above hypotheses for rice origin, some researchers propose that rice originated

from southern China, based on genetic analysis (Huang et al. 2012). However, this

latter study only relies on modern genetic data but doesta&e any of archaeological

works in China into consideration, and hence it is not considered a credible hypothesis.

/ 2YLI NBR (2 GKS &, Fy3aad1l S wA@BSNI 2NRIAYyE (KS
on genetic study or lack substantial and systematidhasobotanical evidence to

support the theory that rice was first cultivated and played a dominant role in
16
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subsistence in these regions. In addition, rice spikelet bases are the most reliable
evidence to determine whether rice is domesticated or wild, bah@ of the above

studies have rice spikelet base evidence to support their claims. Therefore, the

G, FyaagT S wWAGSNI 2NAIAYE GKS2NEB A& Y2NB GHAR!
hypotheses regarding the origins of domesticated rice (Briana and Zhao 2014;

Crawford et al. 2006; Fuller 2011; Jones and Liu 2009; Zhao and Zhang 2009).

CAHEB® A (1S4 YSYyGA2ySR Ay &addRed mod {KFy3Iakky &aAdST Ha
CdZOKF YRl Y AAKETY cA GETF 21@yt Sy3G2daKlY &AAGST yo . | &K,
Ydzl Kdzj Al 2 AAGST mMM® . FfA3Ly3d AAGST MHO / KSy3G2dakty
CAFLYfdz2aKty AAGST Mc® -AlL22RAT #MH®OST2dA& Pl Wi BT yina
AAGST HmMd Ddz2S &AAGST HHD® S5AYyIaAAaAKIY &AGST Hod { KA
bl yl Kdzl y3G2dz aAGS8T HT® {KATAGLY AAGST Hyo® 5FLRAGLY &
AAGST oyufdh bAAIETHT ood YINH2Z2 &AGST ond CSy3oAaldz2dz aAdsST
AA0ST oyd 1 FAYSY(12dz &aAGST odd bAdzOK2dzZ A &aAGST nnd b
no® - AyOdzy &AGST nno fEREGRAZOKEA GSZFdnpdiST2hiasd20z aBé
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In research on the origin of agriculture, cultivation is a specific concept that refers to
a variety of actions taken by humans in favour of the growth of plants, such as levelling
the land, clearing the land by dirtg and burning, sowing seeds and weeding
management (Zhao 2011). Harris (2007) argues some initial cultivation practices were
simply to increase acquisition rather than to consciously change the biological and
morphological characteristics of certain pta. Therefore, the cultivated plants,
especially those cultivated in the initial stage, may be either crops with domesticated
traits or those that retain wild morphological and biological attributes. The
appearance of cultivation practice is the preredgigor the domestication of rice, as

well as for the formation of rice agriculture. Therefore, the emergence of cultivation

can be regarded as the initial stage of the origin of rice agriculture (Zhao 2018).

The morphology of spikelet bases and graintmes are two major criteria to
determine the domestication status of rice in archaeobotanical study (Derad et
2015). Based on morphology, spikelet bases can be classified into domesticated type
(Oryza sativy wild typeand immature type (Fuller and @QR008; Fuller et al. 2009;
Fuller and Allaby 2009). With a series of comparative studies of modern rice
populations across China, Japan, India and Southeast Asia, these criteria were
developed through time and can be coherently related to the geneticsbafshon
shattering adaptations (Fuller and Qin 2009; Fuller et al. 200@®mpson 1992
Domesticated rice spikelet bases are characterised by an uneven ovoid scar, with
larger pore. In wild rice the profile is usually a round, flat smooth scar, andoiteei®

small and round in the centre. Immature spikelet bases are often broken through the
rachilla and retain a stub of attached rachillas (Fuller and Qin 2009; Fuller et al. 2009).
In addition, researchers apply morphological analysis of phytolith tindissh wild

and domesticated types of rice. The doupleaked glume phytoliths are unique to

the genusOryzaand can be used to identif@®ryzaspp. (Huan et al. 2018; Kealhofer
and Penny 1998; Lu et al. 1997; Pearsall et al. 1995; Zhao et al. 1998;eZlzng

2010a).Some esearchersargue that they are able tdifferentiate between wild and
18
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domesticated rice based on the morphological features of the dopbkked and fan
shaped phytoliths (Lu et al. 2002; Wang and Lu 2012; Zhao et al. H&®&ver some
archaeobotanists do not believe this methodology is reliaBlallér and Qin 2009;
Fuller et al. 2010; Harvey 200According to archaeobotanical studies, mainly based
on quantitative analysis of charred plant remains from key archaeological sities in
middle and lower reaches of Yangtze River Basin, the formation of rice agrioulture
although the cultivars are not necessarily domesticated onegs a long process
(Fuller 2007; Fuller et al. 2009). From a broad perspective, the early utilisédtime o
resources can be divided into four main phasksible 2.1Qin 2012; Zhao 2014).

CHa@mSdzY Y NB dAF YI Ay LK & & AYF MW ED daKA (24 &lnivan2 y

Phases Chonology Rpresentative sites
Phasel | 10,000;9000 cal BP Diaotonghuan, Yuchanyan, Shangshan
Phase2 | 9000;7000 cal BP XiaohuangsharKuahugiao
Phase3 | 7000;6000 cal BP Longqgiuzhuang_uojiajiaq Tianluoshan
Phase4 | 6000;4000 cal BP Caoxieshananjiaokou, Chuodun etc.

221t Klmada ZqpmaOn £ . t 0

Phasel is the preformation stage of early rice agriculture. People, mainly in the
middle and lower reaches of the Yangtze River, started to collect and utiliseiold r

(Qin 2012). The earliest utilisation @fryzaplants can be traed back to between
around 10,000 and 9000 years ago in the early Holocene period (Qin 2012; Zhao 2009).
During this period the archaeological evidence is mostly concentrated in the middle
and lower reaches dfhe Yangtze River, including severapresentdive sites like
Shangshan in Zhejiang Provin&hdo et al. 2021Zheng and Jiang 2007), Yuchanyan

in Hunan Province (Zhang and Yuan 1998), and Diaotonghuan in Jiangxi Province (Peng
and Zhou 2004). The cultural period of Shangshan lasts from 10,000Qa8EBP. In
addition to rice husk prints on the surface of pottery, there are large quantities of fan

shaped rice phytoliths in pottery inclusions and dozens of charred rice remains, as well
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as a few spikelet bases (includimgld type anddomesticatedtype) discovered
through flotation techniques at Shangshan (Jiang and Liu 2006; Jiang and Sheng 2007;
Zheng and Jiang 2007). Archaeobotanical material and evidence are limited during this
period. Based on the findings of charred rice grains from Shangsirae,researchers

think that people started to cultivate rice at this time (Zhao 2008jhough the
materials from Shangshan are so limitiat is not possible to determine the role of

rice in subsistence, there is no doubt that the utilisation of riceoveses by
prehistoric people had taken place in the Yangtze River Basin at least around 10,000

years ago.

222t KImoSpcmmOn .t 0

Phase2 is the nascent stage for the early formation of rice agriculture. At this stage,
the utilisation ofOryzaplantsexpanded northward beyond the Yangtze River Basin. A
number of regions started to cultivate and utilise wild rice, but the utilisation of rice
did not play a major role in subsistence. Foraging was still the principal method of
collecting plant food (Qi2012). Between Q000 and 7000 years ago, along with the
beginning of the Holocene Megathermal, the utilisation of rice plants, both from wild
rice type and domesticated rice type (Zheng and Jiang 2007), went through the First
Geographical Expansion (FGE)Xhina. During this period rice is discovered in the
Yangtze and Huai River region as well as further north, like the Tai Mountain (Crawford

et al. 2006, 2013; Wu 2019).

During the FGEDryzaspp. plants expanded northward to the Hudan district and
further dispersed to the Houli Cultural district around 8000 cal BP. However, there is
insufficient evidence to determine whether major climatic change or anthropic factors
led to the expansion of rice. In the meantime, archaeological evidence from tttdemid
and lower reaches of the Yangtze River Basin demonstrates that the domestication

process for rice is in progress at this tinkail{er 2011; Fuller and Qin 20Q%heng et
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al. 2007). Pengtoushan Culture $000;7800 cal BP)assomerepresentativesitesof

rice domesticationas exhibited at Pengtoushan and Bashidang (Hunan 2006) in the
middle reaches of Yangtze River. During the early Pengtoushan Cult20@@g7800

cal BP), all rice remains are observed from pottery inclusions and red-&uoititioks
(Hunan 2006). Due to the poor conservation of rice spikelet bases, it is impossible to
identify and make further interpretations. Bashidang belongs to the late Pengtoushan
Culture, around 8000alBP, with c9800 charred rice remains, including unhugke
rice and rice grains unearthed during excavations (Hunan 200€5624. However,
since the morphology of rice remains has plenty of variations, it is hard to determine

domestication statugFuller et al. 2007)

In the lower reaches of Yangtze Riveraakuangshan (Zhang et al. 2005) and
Kuahugiao (Zhejiang 2004: 2237) are two representative sites. Xiaohuangshan is
dated to ¢.9000;7700 cal BP. Similar to Shangshan, rice remains are found as
impressions on pottery surfaces, as well as inclusionitery and red burnisoil
blocks. Rice spikelet bases indicate that there are differentiations between wild type
and domesticated type (Zheng and Jiang 2007). However, because of limited materials,
the proportion of rice in subsistence, as well as the dethconstitution of plant food,

are still unclear. Kuahugiao in the southeast of Hangzhou City dated@9@;7000

cal BP. Abundant plant remains have been unearthed (Zhejiang 2062 7%)1Zheng

et al. (2007) have statistically classified 120 unezdthice spikelet bases. The result
indicates that 58.3% of rice remains are wild type and the rest 41.7% are domesticated
type. In addition, starch grain analysis (Yang and Jiang 2010) demonstrates the
diversity of food choices at Kuahugiao, such as r@gg/daa LILID O-tBarsdCdip Q a
lacrymajobi), bean Yignaspp.) and acornJuercusspp.), which is consistent with the

result of plant macreemains analysis.

Generally, both cultural features and subsistence patterns in the lower reaches of the
YangtzeRiver exhibit strong continuity since the early Holocene (Qin 2012). Almost

one-half of unearthed rice spikelet bases from Kuahugiao site are identified as
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domesticated type, which is the result of long term of intervention and selection by
humans (Zhengand Jiang 2007). Nevertheless, it is still unclear when exactly

cultivation was initiated in this region.

Domestication status

With regard to rice domestication status, some researchers think that rice
domestication started around 6000 cal BP in the YamRiver Basin (Fuller at 2007).
There was an earlier phase of pilemestication cultivation initiated around
7000calBP, when rice was gathered by sedentary hugathererforagers, together

with other plant foods, such as acorn@uercusspp) andwater chestnut Trapa
bispinosa. Based on rice spikelet data from Tianluoshan, Fuller et al. (2009) track the
emergence of increasing frequency of domesticated rice from 68600 cal BP.
Other researchers believe that ricédfyza sativa might have beerdomesticated
around 9000 cal BP (Liu et al. 2007) or c. 8000 cal BP (Deng et al. 2015). Wild rice might
have been harvested and cultivated by Neolithic people in both northern and southern
China before 9000 cal BP, which eventually led to domesticatimcurrent dates of

early rice domestication and agricultupartly dependupon the lines of evidenahat
archaeologistsrelied on, whether archaeobotanical evidence for domesticated
spikelet bases (Fuller et al. 2007), or broader social changes suggafstiveliance

on rice cultivation (Liu edl. 2007).

Archaeological excavations at Jiahu started in the 1980s. Charred rice remains indicate
the appearance of rice agriculture in the upper reaches of the Huai River between
9000 and 7800 years ago (Y&#91I; Zhang et al. 1994). In th@@L excavation, Zhao

and Zhand2009)provide more detailed data about the utilisation of plant resource
basedon the scientific flotation analysi§he results indicate that rice did not play a
dominant role in plant foodesources. Jiahu prehistoric people collected wild plant
resources, such as tuber and root plant (e.g. lotus rhletumbo nuciferpand various

kinds of nuts (e.g. water chestnuiirapa bispinosaand acornQuercusspp.), as their

principal foods. Sincthe Jiahu excavation report has not published any rice spikelet
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data, debate focuses on the size and morphology of charred rice grains (Liu et al. 2007,
Qin 2012; Zhang et al. 2009; Zhao and Zhang 2009). According to current evidence,
rice remains¢ mainly charred rice grains of undetermined types at JiaQu
demonstrate that rice accounts for a portion of subsistence rather than being a
dominant food at that time (Zhang et al. 2009). Some scholars suggest that Jiahu
people had started rice farming and wouwl$o have raised domestic pigs from around
8000 years ago (Zhao 2014); however primary subsistence activities were still
gathering, fishing and hunting. In other words, the major economic type at Jiahu
during this period is huntingathering; the farmingf rice,Oryza sativd.., and raising

of livestock are supplementary activities at this time.

In addition to the above sites, rice remains have been found at Baliga8is0@.caBP)
(Zhang 201h), Yuezhuang (Crawford et al. 2006), and Xihe (Wu et 4B)2the last

two sites belong to the Shandong Houli Culture and represent the northernmost
expansion ofOryzaspp. plants during this phase. In general, PhRagethe first large
expansion of rice resources in China and occurs at the same time astihigomiof

the Holocene Megathermal period. Although this expansion leads to greater
utilisations of rice by local cultures in northern China, the evidence for cultivation and
domestication is not clear. In the following millennium, the utilisation of e=®urces
retreats from the northern region back to the middle and lower reaches of the Yangtze

River (Qir012).

223t KI@oSr mamOm f .t 0

Phase3 represents the formation of rice agriculture €000;6000 years ago. During

this period, cultivated rie had a more significant role in subsistence. The
domestication process of rice was in progress and gradually completed during this
phase (Fuller 2007; Qin 2012, Zhang et al. 2014). Current evidence indicates that rice

was not continually utilised in thosstes beyond the northern edge of the Yangtze
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River region identified during the previous Phds€900@ 7000 cal BP). The sites
beyond the northern edge of the Yangtze River regijoadually transform into a
dryland agriculture system, which is a typicairthern China agricultural economy
type based on milletsSetaria italicaand Panicum miliaceuin(Qin 2012). In contrast,

the rice economy steadily continues to develop in regions from the middle and lower
reaches of the Yangtze River to the eastern cmlasrea. Rice agriculture was
established in the middle and lower reaches of the Yangtze River during this phase,

with clear evidence of domestication (Qin 2012).

In the middle reaches of the Yangtze River, archaeobotanical remains are
concentrated irfinds within the Li County Basin. Chengtousha®$00;5500 cal BP)

(Liu and Gu 2007) is the most representative site, where archaeologists have
discovered the earliest known paddy fields as well as some simple irrigation facilities
in surrounding areadNasu et al. 2012), such as water storage pits and small ditches
(Pei 2008). Rice had become one of the principal plant food resources (Nasu et al.
2012). Unfortunately, at present Chengtoushan is the only site that has found rice
agriculture in the middleeaches of Yangtze River. Thus, further discussion about rice
economy in this region cannot be supported due to the lack of comparative data.
During the same period, several key sites with abundant rice remains occur in the
lower reaches of the Yangtze ®&iv Typical sites include Longgiuzhuang
(Longgiuzhuang 1999; Tang and Zhang 1996), Luojiajiao (Zheng et al. 2007), and
Tianluoshan (Fuller et al. 2011). Abundant charred rice gr@ingé sativhand other
botanical remains were recovered from all strathLonggiuzhuang. Rice resources
accounted for an increasing portion in the subsistence through time (Tang and Zhang
1996). Based on spikelet bases, half of the recovered rice at Luojiajiao was identified
as domesticated type (Zheng et al. 2007). Largentjids of macrebotanical remains

were recovered at Tianluoshan. Similar to Luojiaiiao, domesticated rice spikelet bases

account for 51% of the sample (Fuller et al. 2011).
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The rice agriculture economy intensified and started to develop into a highkel ile

the middle and lower reaches of Yangtze Rice during PBdsehe preliminary stage,

the early cultivation of rice is associated with the collection of wild fruits and nuts
rather than a replacement or switching of subsistence strategies. Thexgfarannot

0S aAYLI & RAGARSR Ayd2 WKANRAROdZ GdzZNBQ 2 NJ
plant resource assemblages, both the middle and lower regions of the Yangtze River
share many similarities. In both regions people consumed food resouroes f
woodland (various types of nuts and berries) and wetland (e.g. water cheSuraga
bispinosa. In terms of rice remains, the analysis of spikelet bases illustrates rice
domestication was occurring in the lower reaches during this pefibd.emergene

of paddy field cultivation in the middle reachesy indicatea more advanced status

of domestication however, itcannot be determined because of limited evidence.
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Phased is the final developmental stage for rice agricuétdrom 6000 to 4000 cal BP.

The domestication process of rice is completed in the middle and lower reaches of the
Yangtze River by 6000 cal BP (Fuller 2011; Fuller and Qin 2009; Qin 2012). The
Second Geographical Expansion (SGE) of rice utilisatmoadars (Qin 2012). Along

with the development of the rice economy in the Yangtze River Basin, Qiged

sativg) cultivation expands inland to almost the entire Yangshao Cultural region,
covering several inland provinces, as well as the Majiayao Clutagin in southern
Gansu Province; southeast to Guangdong, Fujian, and Taiwan; southwest to Chengdu
Plain in Sichuan Province; and to Yunnan and Guizhou (Fuller 2011; Fuller et al. 2010;

Qin2012).

Rice remains are found in various forms from differeegions, including charred
grains, husk prints on the surface of pottery, phytoliths in pottery inclusions and soil

sediments, and spikelet bases (Guedes 2011; Lee et al. 2007; Li et al. 2007; Tsang 2005;

25
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Wei et al. 2000; Zhao et al. 2004). Since archatwobical remains of rice are
discovered in a large number of sites during this period, they will not be individually

detailed.

In Phased, rice agricultural techniques had been further improved in the lower
reaches of the Yangtze River, including padelg fagriculture, tools, and techniques.
For instance, small paddy fields, ranging froglam?, were built by people in the
lower reaches of the Yangtze Rive6@00 cal BP (Fuller et al. 2007). These fields were
connected with some deeper water pits blgannels. Water could be lifted by bucket
to fields and superfluous water would flow into and out of fields via the
interconnecting canals. Water levels in fields were tightly controlled in péiethys

(Fuller and Qin 2009).

The developmental status oice agriculture is consistent with local social and cultural
development and changes. In the lower reaches of the Yangtze River, the
establishment of ricdield systems was accompanied by increasing population growth,

craft production, and social hierargl{Fuller and Qin 2009).

sz, A
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In conclusion, the distribution and utilisation of rice resource in the early and middle
Holocene Period can be divided into four main phases. The first phdse060;9000

calBP, focuses on gathag and collection of wild ricgQin 2012; Zhao 2009). Current
evidence indicates that these activities concentrated in the middle and lower reaches

of the Yangtze Basin (Peng and Zhou 2004; Zhang and Yuan 1998; Zheng and Jiang
2007). In the second phase, 8000;7000 cal BP, at the beginning of Holocene
Megathermal period, the suitable wetter and warmer climate fuelled the FGE of rice
cultivation in China (Qin 2012). Varied cultures in different regions start to utilise and

cultivate wild rice (Crawford et al. 2006, 2013eng et al. 202XF{unan 2006; Wu 2019;

26



/1 1Tt¢9w ¢2h BKEFEY3 6HAHMO

Zhang et al. 2005; Zhejiang 2004: 277 ; Zheng et al. 2007; Zheng and Jiang 2007).

In some places, human groups initiated the domestication through their cultivation
practices;nevertheless, rice is not dominant in subsistence. Gathering and collecting
are still the staple source for plant food resources (Zhao 2014). In the third phase,
€. 70006000 cal BP, the rice economy continued to develop in the Yangtze River Basin.
Current evidence demonstrates that rice resources were not continually utilised
beyond the northern edge of the Yangtze River during this period (Qin 2012). In the
middle and lower reaches of the Yangtze River, the early rice cultivating economy is
accompanied byhe wild plant gathering economy (Fuller 2007; Fuller et al. 2011; Qin
2012). In comparison to the previous phase, the percentage of rice utilisation
increased and evidence shows that the process of rice domestication was gradually
completed (Fuller 200Qin 2012, Zhang et al. 2014). In the fourth phas&060;

4000 cal BP, the SGE of rice utilisation took place. In the middle and lower reaches of
the Yangtze River, the domestication process of rice had been completed (Fuller 2011).
The rice economy wastroduced from the middle and lower Yangtze River Basin to
surrounding regions along with cultural transformations and expansion in this phase

(Fuller 2011; Qin 2012).
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Unearthed rice remains are relatively rare iuzern China (Guangdong and Guangxi
provinces) and most are concentrated in the late Chinese Neolithic period, between
€.6000z4000 cal BP, corresponding to Phds&iaojin site in Ziyuan County (He et al.
2004) and Gantuoyan site in Napo County (Wei He®003 Xiang et al. 2018) are
two typical Neolithic sites with rice remains in Guangxi Province. The charred rice
remains, identified as domesticated type, from Xiaojin are the earliest found in
Guangxi, dated to c. 60Q8000 cal BP (He et al. 2004; Zi28d.1).After 4000 cal BP,

a few charred rice remains have been discovered at Xiaojin, most of which are

identified asdomesticatedrice (He et al. 2004). Charred rice remains from Gantuoyan
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are dated to c. 3800 cal BP and identified as cultivatddcasp. rice (Wei and H2003
Xiang et al. 2018}owever, morphometric cannot determine whether cultivated or
not. Thus, the above discovered inditygpe may come from wild rice due to the

natural variation of grains.

More varied rice remains have beenaisered in Guangdong Province. At the Shixia
site, 25 charred rice grains are found dated t@'¢00;4300 cal BPThese remains
were identified as domesticated ricgZhang et al. 2006). Charred rice grains
(undetermined types) were also discovered at Harshdating to c4000 cal BP,
(Zhang et al. 2008). Charred rice graidgntified as domesticated rigehave been
discovered at Kurengang in Fengkai County 4000 cal BP (Xiang and Yao 2006).
Rice remainsdryza sativy dating to c4500 cal BP, araso found at Guye in Foshan
City (Wang 2007), with a number of sites containing rieey£a sativain northern
Guangdong (Xiang 2005).

There are also rice phytoliths and indirect artefact evidence indicating rice cultivation
during the late Neolithigeriod. The cultural stratigraphy of Dingsishan site can be
divided into four phases, the first three of which are shell midden. In the fourth phase,
dating to ¢.6000 cal BP, the percentage Pdaceaghytoliths abruptly increased to
more than 90%, whicks significantly higher than previous phases. Researchers infer
this abrupt change might be related to the introduction of rice cultivation (Zhao et al.
2005). Most of theDryzaphytoliths identified are suggestive of cultivated rice (Falet
1998; Zhaoet al. 2005). In addition, rice phytoliths dated to4&00 cal BP are
discovered at Shaxia in Hong Kong (Lu et al. 2005; Zhang and Hong 2009).

The great stone spades are a special cultural relic from southern Chin2.8fig.
thought to indicate a deveped rice economy in the Xijiang River Basin, Guangxi
Province (He 2007;i 2011 Qin and Qin 2001; Rong 2003). The great spades first
appeared at ¢5300 caBP and lasted until 4000 caBP (Jiang and Peng 1992).

Although the initial function of greapades might be as agricultural production tool,
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most were produced as religious ritual wares rather than practical tools (Qin and Qin
2001). This type of spade gradually evolved from production tools made with a
combination of wood and stone, to sacreceusils for agricultural ritual. They became

widespread in Guangxi, Guangdong, Hainan and northern Vietha201).

CA® KS 3INBIFG aLI RS NBO2@SNBR FNRY 51 f yn3pyl yOYEBEAGS A
dK2dzf RSNJI 6NBI RGK HHdy OOXVEd gSAIKG odcn Fd {OFES o6FNT

In general, the time period for rice being introduced into southern China remains
controversial. Some scholars believe that rice introduction took plaé@a0 years

ago (Zhao 2011), whilbthers suggest &000 cal BP or even later (Fuller 2011; Guedes
et al. 2013; Yang et al. 2016; Zhang and Hong 2009). The later time period for

introduction is based on more robust archaeobotanical evidence (Deng et al. 2015).
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Therefore, this study presnes that rice was introduced into southern China around

5000 cal BP.

227WAOS RAALISNEBLFf NRdAzGS Ayid2 &a2dziKSNY [/ KAY!l

Current archaeological studies claim that rice farming originated in the middle and
lower reaches of the Yangtze River and then spread to adheas due to cultural,
social and climatic factors (Deng et al. 2015; Fuller 2GhD; et al. 2020I8ilva et al.
2016;Zhao 2011). At present, it is accepted that the rice farming in Lingnan region
(southern China) came from the middle and lower readbiethe Yangtze River, but
there are differing opinions about the key time nodes and dispersal routes into

Lingnan (FigR.4).
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Although a fewOryzoideaghytoliths have been discovered from Zengpiyan dated to
the early and middle Holocene, accordimgethnological studies and the dark brown
colour of phytoliths, Zengpiyan people may have used wild rice as a fuel rather than
for consumption (Institute of Archaeology 2003; Lu 2012;68j. In addition, during

the early and middle stage of Holocene irugeern China, the return rate of three
commonly adopted methods of collectieqwild rice harvesting, shell harvesting, and
tuber and root plant harvesting are quite different. Studies indicate that the return

rate of wild rice harvesting was much loviean that of the other two food harvesting
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methods (Institute of Archaeology 2003; Zhao et al. 2005). According to the

experimental results, the return on harvesting for underground storage organs (USOSs)
(e.g. tubers and roots) is the highest, at about @¥eal/h. The return on harvesting

for shellfish is 317 kcal/h. Harvesting for wild rice has the lowest return rate, only

about 116 kcal/h. Therefore, during the early and middle Holocene, people in

southern China did not target wild rice when they hadestmore abundant and stable

food sources.

Zhang and Hung (2009, 2010) argue that rice cultivation had two dispersal routes
southward from the Yangtze River Basin. The first one is along the coast of Zhejiang to
Fujian and Taiwan. The second is fromitiland middle reaches of the Yangtze River

to Guangxi, and then further south to mainland Southeast Asia. The two routes meet

in Guangdong.

Higham proposes a hypothesis that early rice farmers entered southern China from
the middle and lower reaches ofangtze River, and then spread to mainland
Southeast Asia from Guangxi and Yunnan, mainly along rivers (Glover and Higham
1996; Higham 2002, 2005, 201406; Higham and Lu 1998). The arrival of rice farmers

in mainland Southeast Asia took place betwee®000 cal BP and 4000 cal BP.
Through the research of pottery typology, Rispoli (2007) believes Neolithic rice
farming populations from southern China (including Yunnan) entered Vietnam,
Thailand, Indonesia and Malaysia peninsular between 4500 and 40@Pcdh
FRRAGAZ2Y SIS [/ LadAftt2 | yR Cdorjizé&ddiEandfoxtaitR A S a
millet (Setaria italicd appear to spread from the Da®iujialing tradition of the middle
Yangtze River to southern China, mainly Guangdong and Guangxheamohto the
upland regions of Southeast Asia around 460100 cal BP (Castillo 2012017
Castillo and Fuller 2010).

Bellwood believes that after rice was planted in the Yangtze River Basin, it spread to

Taiwan in southeast China and then to IslandtBeast Asia around 5000 cal BP
32
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(Bellwood 1997; 2007). There is another possible route that involves spreading along
the coastal areas of mainland China, including the Lingnan region, and eventually
entering mainland Southeast Asia (Bellwood 2011). Coalssplersal in southern
China and then to Vietnam could also be significant (Zhang and Hung 2010). The early
evidence of rice and related studies mainly focus on the lower reaches of rivers rather
than upper reaches in interior regions (Castillo and Ful@&02. However, studies
show that these coastal communities eventually moved inland along rivers (Blench

2008; Fuller 2011; Sagart 2008).

From these perspectives, rice arrived in Southeast Asia around 5000 to 4000 years ago,
mainly based on the inferenagf current field archaeology in Southeast Asia. Even if
rice cultivation reached Southeast Asia at the earliest (i.e. 5000 cal BP) in this time
range, before reaching Southeast Asia it might have already been developed to some
extent in southern China arghtered a mature production mode. Therefore, it would

be expected that rice was widely planted in southern China around 5000 years ago.
However, current archaeobotanical evidence of rice in southern China is so rare that

the pathway for its diffusion to $heast Asia is yet to be determined.

In conclusion, it can be determined that rice gradually spread from the middle and
lower reaches of the Yangtze River to Lingnan (southern China) about 6000 to 4000
years ago. According to the current archaeologitralings, rice may have been first
cultivated at the southern foot of the Nanling Mountains and then continued to
spread southward (Zhao 2011), but this claim is unsubstantiated. Rice was certainly
cultivated in the coastal areas of Lingnan before 5@0@0 cal BP, based on findings

in Guangdong (Deng et al. 2015; Yang et al. 2016).
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Millets (Setaria italicaand Panicum miliaceujnare grass crops domesticated from
wild bristlegrass plantSgtaria viridis (Wu et al. 2000). It is one of theast important

crops in the history of the origin and development of early Chinese agriculture (Zhao
2008). In this study, the archaeobotanical remains of millets, described as grasses, are
classified within the generanicumand Setaria Millets have beerdiscovered in

many archaeological sites worldwide (Weber and Fuller 2008). According to the
archaeobotanical evidence, both foxtail mill&egtaria italica and broomcorn millet
(Panicum miliaceuinwere first cultivated in north China no later than 80G0 BP
(Deng et al. 2017; Liu et al. 2012; Lu et al. 208%vens et al. 2016; Yang et al. 2§12
2012y Zhao 2011). At present, the archaeobotanical study of millet in northern China
is not as broad and thorough as that for rice. First, in modern sqdedtpmcorn millet
(Panicum miliaceuinand foxtail millet $etaria italica are regionally significant
cereals. They only account for a very limited proportion of worldwide grain production
and consumption. Second, there are few archaeological sites atetiala associated

with early millet cultivation in northern China during the early and middle Holocene
period (Qin 2012; Zhao 2011). Third, the natural environment in northern China is
generally semarid and lacks the watesoaked burial environment torpserve plant
macroremains, as occurs in Hemudu and Tianluoshan in the lower Yangtze River Basin

(Zhao 2014).

Consequently, plant microfossils (phytolith and starch grain analyses) have been used
for the archaeobotanical study of millets, supplemenbgdmacreremains and stable
isotope analyses (Qin 2012). There are three main phases of development for millet

agriculture in northern Chinal'&ble 2.2Qin 2012; Zhao 2011).
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Phases Chonology Rpresentative sites
Phasel | 10,00G;9000 cal BP Shizitan, DonghulifNanzhuangtou
Phase2 | 8500;6000 cal BP Xinglonggou, Peiligang, Cishan etc.
Phase3 | 60004000 cal. BP ChengtoushanHaxiu, Yingpanshan etc.

2.3.1t KImoSv n Edmso £ . t O

Phasel, ¢.10,00@9000 cal BP, is the preliminary stage of millet utilisation.
Representative sites include Shizitan (Shi and Song 2010) in Shanxi Province,
Donghulin (Zhao 20@6 Zhao et al. 202land Nanzhuangtou (Li et al. 2G0n Beijing

City.

Liu et al. (2011) carried out starch grain analysis on unearthed lithic artefacts from the
fourth depositional layer at Shizitan, including two millstones and two grinding pestles
dated to c. 960§9000cal BP. Most of the identifiable starch grains come from grass
and acorn. Around half of identifiable starch granules are sirsitach grains derived

from the Paniceae tribe of the Panicoideae subfamily in the Poaceae grass family.

According to stratigaphy and cultural features, the deposits of Donghulin can be
divided into two main periods: the earlier period is dated 11dBD500 cal BP; and

the latter dated to 10,5009450 cal BP. Both charred foxtail millSefaria italicj and
broomcorn millet Panicum miliaceungrains have beerecoveredby flotation at
Donghulin (Zhao 2014zhao et al. 2021 Yang et al. (2012) and Liu et al. (2010)
conducted starch grain analysis on residues from artefacts, such as millstones,
grinding pestles and pottery, asell assediment sampls. Yang et al. (2012) have
obtained 793 starch grains fromspecimens (4 pestles, 1 millstone and 2 pottery
sherds), 742 of which are identified as grass staRba¢eag including 525 from
millet (species not specified) and 217orin the tribe Triticeae. Based on the

morphological analysis of millet starch grains, the percentage of wild millet grains
35



/1 1Tt¢9w ¢2h BKEFEY3 6HAHMO

(smaller than 14 microns) gradually decreases, while the larger size grains (over 14
microns) gradually increase. In addition to stagrain analysis, Liu et al. (2011) also
employedphytolith analysis and useear analysis to study materials from Donghulin.
Their study shows that millstones and pestles are mainly used to process acorns rather
than millet, due to the scarcity of millstarch grains on these lithic artefacts. However,
palaeoenvironmental research shows that the vegetation at Donghulin was mainly
covered by grasses, such Agemisiag Chenopodiaceae and Poaceae, rather than
broadleaved deciduous forest (Xia et al. 20I)ich is more consistent with Yang et

Ff ®Q& 6nHnmMHLO adl NOK INFAYy adgdzRe o

The dating data of Nanzhuangtou is between 11,500 and 11,000 cal BPetéadng
(2012) found 400 starch grains from one fragmentary piece of millstone and one
grinding pestle, 255 oivhich are identified as grass stardho@ceag, including 205

millet granules (species not specified), and 50 granules are derived from grasses in the
tribe Triticeae. Among the millet starch granules, 38% possess wild type features (Yang

et al. 2012).

Archaeobotanical data of these sites mainly derives from starch grain extraction from
surfaces of lithic artefacts. According to current evidence, processing and utilisation
of Poaceaglants were quite common during this period, which corresponds to
increasingly warmer environments after the Younger Dryas event (Xia et al. 2011). In
addition to processing acorns, the emergence of lithic millstone and grinding pestle
might also be related to the utilisation of new plant resources (e.g. millet) (Li et al.

2010a, 2011; Shi and Song 2010; Yang et al. 204Rao 2008).

232t KIM#oSy mam/oOn t .t 0

From 8000 cal BP or slightly earlier, the cultivation of millet was successively

developed in multiple regions of northern China. However, there is a chronological
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gap, between 900€B500 cal BP, when there is a lack of archaeologicgbsiteaying

the transformation from microlithic culture to the middle Neolithic period.
Nonetheless, there are a number of representative sites and cultures, such as
Xinglongwa Culire (Yang and Liu 1997) in Chifeng district, Cishan Culture (Sun et al.
1981) and Peiligang Culture (Ren et al. 1984) in northern Chamagjialiang (Ma et al.
2018) in Hebei Provincand Dadiwan site (Laoguantai Culture) (Yan 1981) in Gansu
Province, wire millet remains have beadentified from the middle Neolithic period

(from ¢.8000 cal BP or slightly earlier onwards).

Climate change in northern China shows a basically consistent trend during the
Holocene Period (Wang and Gong 2000; Wang and \A29#; Wen et al. 1999; Zhang

et al. 2002). It is drier and cooler in the early Holocene period and gradually changes
to awetter and warmer climate from around 9068000 cal BP. This relatively stable
warm and wet climate lasts until 5000 cal BP and tbhbanges toa dry and cool
climate (Mo et al. 1996). Although the entire climate is generally consistent, there are
slight variations geographically. For instance, Xinglongwa Cultloeated at high
latitude, which has a lower temperature and higher pp#ation, while inland regions,

such as the eastern part of Gansu Province, show a relatively dry climate with a distinct

increase in temperature during this period (Mo et al. 2003).

Dryland agriculture developed under this stable warm and wet envieminn the
northern temperate area of China. At 800 years ago, a number of regions
developed similar dryland economies, consistent with environmental changes across
the entire northern China. The evidence of broomcorn millet utilisation has been

foundacross the Loess Plateau (Zhao 2011, 2014).

Studies show that dryland agriculture initiates from the utilisation of broomcorn millet
as the major cultivating crop (Lu et al 2009; Zhao 2DQ4lthough broomcorn millet
cultivation has been carried out faat least 1000 years in Phage there is no

morphological change suggestive of domestication (Qin 2012). The chronology of a
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number of key events, such as whether there is a replacement between broomcorn
millet and foxtail millet, and whether the domesditton of pigs occurred before or
after the millet replacement, are not reliably known because of scarce archaeological

data (Qin2012).

233t Kl Soammm Ol fd .to0

Phase3 starts from ¢6000 cal BP, which is equivalent to the middle period of
YangshadCulture (c6000;5500 cal BP) onwards. During this period, mitlased
dryland agriculture was clearly established in northern China. Although broomcorn
millet (Panicum miliaceupnstill accounts for a significant percentage, with the
interactions betweervarious cultures, other crops such as ri€ryza sativi wheat
(Triticum aestivurp and soybeanGlycine mak were successively introduced and
blended into the northern agricultural system. A mixed agricultural system,
broomcorn milletbased with multiplecrops, formed in northern China during this

period (Qin 2012; Zhao 2011, 2014).

Similar to the process of development of rice agriculture, the millet economy begins
spreading outward around 6000 cal BP. At Chengtoushan site (Liu and Gu 2007),
located inthe middle reaches of the Yangtze River, millet remains have been dated to
€.6000calBP. Later, millet accompanied by rice were introduced to Chengdu Plain
(e.g. Baodun site) in the upper reaches of the Yangtze River by c. 4500 cal BP (Guedes
et al. 20B). With the expansion of Majiayao Culture, foxtail mil&éfaria italicj and
broomcorn millet Panicum miliaceujragriculture occurred at Haxiu (Chen et al. 2010)
and Yingpanshan (Zhao and Chen 2011) a8@0;4500 cal BP, in the mountainous
region ofChengdu Plain, and then millet agriculture was introduced westward into the
QinghaiTibet Plateau region (e.g. Karuo site dated to c. §8Q00 cal BP, see
Huo1993).
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Mixed broomcorrfoxtail millet cultivation also spread rapidly into the Northeast
Asian region and entered eastern coastal areas of Siberia during the middle and late
Yangshao Period, 8000;5000 cal BP. A number of sites contain broomcBamfcum
miliaceun) and foxtail millet $etaria italicaremains, including Krounowa(c.555Q
5350cal BP), Zaisanowa(c.5500;5000 cal BP), Zaisanovkdc.4600;4400 cal BP),

and Novoselischéd (c.4500;4050 cal BP). Broomcorn mill€gnicum miliaceujnwas

the principal crop (Sergushewand Vostretsov2009). Despite a relative lack of
archaeologial data, current evidence of charred foxtail mill&efaria italica and
broomcorn millet Panicum miliaceujnndicates that millet appeared in the southern
region of the Korean Peninsula during the middle period of Chunimun Culture, c. 5500

cal BP (Le2011).

The westward spread of broomcorn milleegnicum miliaceuincould have taken

place at the same time wheat was introduced from the west. Some researchers claim
that the earliest dispersal of millet to the west might be dated back ®000;7000

cd BP (Jones 2004), but there is no hard evidence to support this claim. Begash in east
Kazakhstan provides clear clues for the confluence of broomcorn nftigum
miliaceun) and wheat (Triticum sp.) (Frachetti et al. 2004): 28 broomcorn millet
(Panicummiliaceun) and five wheat (eitheTriticum aestivunor T. turgidun) grains

found there were dated to 4005100 cal BP (Frachetti et al. 2004).

There is no evidence that broomcefoxtail millet cultivation spread to the southeast
part of China duringhe Neolithic period. No millet remains have been found at
archaeological sites in the lower reaches of the Yangtze River. Therefore, millet
remains found in Taiwan (i.e. Nanguanli sité&00 cal BP) (Zang 2006) probably come
from Shandong province inorthern China via expansion of the Dawenkou Culture

(Qin 2012).

From the middle and late period of Yangshao Culturé0;5000 cal BP), a mixed

dryland agricultural systerg with foxtail millet Setaria italica as the principal crop
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and broomcorn mikt (Panicum miliaceuirice Oryza sativy soybeanGlycine mak

and wheat Triticum aestivurpas complementary cropswas gradually established in
northern China (Zhao 2014). During this phase, millet cultivation has expanded into
the northeast Asiarregion and southwest China but has slight influence on rice
agricultural regions. Conversely, rice dispersal did heavily impact broormaal

millet cultivation and led to the development of a mixed agricultural economy in
northern China (Qin 2012). énall, the development and dispersal of broomcern
foxtail millet agriculture is consistent with the development and expansion of

Neolithic cultures in northern China (Zhao 2014).

234aAf SO dziAfAAFIGA2YY AdzYYIFINE 2F RS@St 2L)S

In conclusion, drylanégriculture in northern China has gone through three main
phases. In the first phase,10,00@9000 cal BP, prehistoric humans used wild grasses
as food resources, including wild ancestors of broomcorn miahicum miliaceuin

foxtail millet Setaria italica) andTriticeae plants. All of these are found in a
concentrated area, i.e. North China Plain and Taihang Mountain chain. The second
phase is dated to 85006000 cal BP, when the suitable climatic environment fuelled
the establishment of drylandgaiculture in most parts of northern China. A broomcorn
millet-based economy was distributed across vast regions and varied regions in
northern China. Although broomcorn millé®gnicum miliaceuinplayed a dominant

role during this phase, the proportion tveeen foxtail millet Setaria italica and
broomcorn millet Panicum miliaceujnmay vary through time, but this is unclear due

to the lack of archaeobotanical data. From 6000 cal BP onwards is the third phase,
when all regions with a suitable climate inrtieern China turn to foxtail milletSetaria
italica) based dryland agriculture. Although broomcorn millBagicum miliaceuin

still has a major position in agriculture, with the introduction of rice, wheat and
soybean, a mixed dryland agricultural systbas been formed. At c. 5500 cal BP,

broomcorn and foxtail millet cultivation had spread into the Korean Peninsula, the
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east coast of Siberia, the Sichuan mountainous region and the QifdietiPlateau.

The eastward spread of millet and westward dispecdalheat from Southwest Asia
occurred almost at the same time. From 6000 cal BP onwards, the overall climate in
northern China gradually turned dry and cool, yet the development of culture and

population increase have fuelled the adoption of agricultune &s dispersal.

After the establishment of dryland agriculture in northern China, whé&aiticum

aestivun), which diffused from Southwest Asia, gradually replaced the native
broomcorn Panicum miliaceujnand foxtail millets etaria italich and becane the

YIF22N) ONRPLI 2F RNEBfIFYR F3INAKROdzf GdzZNBE Ay Yy 2 NI K
agricultural pattern is formed that lasts until the present day in Chinese agriculture.

Current archaeobotanical evidence shows that this transformation procestedt

around 4000 years ago (Zhao 2009, 2011).

2355 AaLISNAEIf NRdAziS 2F YAffSi

According to current findings in southern and southwestern China, millet remains
have been found in Sichuan 55005000 cal BP (Cheng et al. 2006; Huo 2009),
Chongging c. 4000 cBP (Sichuan et al. 2001), Yunna&300;2500 cal BP (Liu 2008;

Min 2009), Guangxi 8800;2800 cal BP (Wei and He 2003) and Taiwad5@3500

cal BP (Chang 1969). The millet findings in these areas mainly consist of charred grains
(Panicum miliaceurand Setaria italica and pottery with millet stalk patterns. Some
researchers believe that most of the earliest agriculture in Southeast Asia was
introduced by people who were familiar with rice, millet and other subtropical crops,
such as taroGolocasia esilentg and sugarcaneS@ccharum officinarujnfrom the
southern coastal areas of China (Tarling 1992: 74). However, other studies have
demonstrated that some regions, such as Island Southeast Asia, may have a different
developmental trajectory (Barton andenham 2011). Barton and Denham (2011)

think that in Island Southeast Asia the local people gradually grafted the introduced
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rice and other animals and plant domesticates, together with the associated
techniques and social practices, onto their ygnastng forms of plant exploitation
which were mainly based on vegetative propagation. Millet seems to be one of the
significant crops during the Neolithic period in mainland Southeast Asia (Fuller et al.
2010). At present, the unearthed millet sites are cortcated in Non Pa Wai, Nen

Mak La, and Nil Kham Haeng in Thailand, most of which date from 4000 BP to 3500 cal
BP. Some studies show that milleBaficum miliaceurand Setaria italica may have
dispersed before the introduction of rice farming in theseioag (Castillo 2011;
Weber et al. 2010)A charred foxtail millet grainSgtaria italica from Non Pa Wali,
Thailand, is dated to around 444200 cal BP, while the rice grair@ryza sativa

from Nil Kham Haengare, Thailand, are dated 28602400 cal B and c2700;2500

cal BP (Weber et al. 2010). The radiocarbon dates indicate that millets had long been

in use before rice.

According to current archaeological findings, there are two main routes for millet to

spread into southern China and SoutheaseAEig2.5). One route is from northwest

to southwest China and then to mainland Southeast Asia (Guedes 2011; Guedes and
Butler 2014; Zzhang and Hung 2010, 2015). Another route runs from the southeast

coast of the mainland to the Taiwan Strait and argvin Island Southeast Asia (Deng

etal. 2017 Gao et al. 2020b Due to the lack of evidence in southeast China, how

millet diffused into Taiwan is still an unclear issue. A number of studies and evidence

show that millet might have been introduced intoiwan with rice via a coastal sea

route from Shandong and Jiangsu (Fuller 2011; Sagart 2008). Some researchers
propose that millet may have diffused from Fujian to Taiwan (Deng et al. 2017). As for

the sites in the Yangtze River Basin, especially in thedrgxopping areas in the

middle reaches of the Yangtze River, mill&aricum miliaceunand Setaria italica

and rice Qryza sativaare equally important in local agricultural cultivation during the

period of Quijialing Culture at 630054600 calBP (W8 G Ff ® HamnOd ! f a2z
YAESR FIENXYAY3 |NBIFE LRGSYGALFLEtEE F2NYSR Ay

period ¢.5000:4000 cal BP (Zhang et al. 2014).
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Due to the lack of archaeological discoveries, it remains to be confirmed whether
millet farming was introduced into southern China via the land route and/or maritime
route in prehistoric time. The significance of millet remains unearthed at Gantuoyan
(Wei and HE2003 Xiang et al. 2018), c. 3800 cal BP, Guangxi Province, are unclear
since the site is close to Yunnan Province and its age is relatively late. Hence, it cannot
be regarded as evidence that millet was introduced into Lingnan from the middle

reaches of the Yangtze River during the late Neolithic pericdD@X4000 cal BP).

With regard to the above two dispersal routes, the west route is well studied. The
prehistoric human groups in this area have frequent activities. Those groups, with
diverse ethnic and cultural features, frequently migrate and interact with other human
groups in prehistoric periods, especially during the late Neolithic peric@@D@;4000

cal BP, see Shi 2014). Therefore, the spread of millet is also regarded by some scholars
as a result of the migration of ethnic groups (Chen and Han 2013). From the

perspective of the environment, excavation reports show that the three typical sites
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are all close to rivers and lakes: Haimen in Jianchuan, Yunnan Province (Min 2009),
Shifodong cave in Gengma, Yunnan Province (Liu and Dai 2008) and Gantuoyan in
Napo, Guagxi Province (Wei and He 2003). Moreover, the unearthed crop remains in
these three sites are mainly ricéDfyza sativl with other cereals that show
characteristics of a mixed economy. Some researchers argue that nomads living in the
area in prehistori¢gimes already knew how to grow crops (Li 2005). Mill@&@njcum
miliaceum and Setaria itali¢are introduced by these nomads to the upper reaches

of the Lancang River (its lower reaches become the Mekong River) in Southeast Asia
5000 years ago, and thespread further south to Yunnan and Southeast Asia (Tong
1983, 2004).

Another important region is the southeast coast China, where the millet spread via
southeast China to Southeast Asia. Since the Fengbitou culture in Taiwan and the
MajiabangSongze culire in the lower reaches of the Yangtze River have great
consistency in material and cultural characteristics, some scholars believe that the
prehistoric culture in Taiwan is the continuous development of the agricultural culture
in the mainland after itgread southward to Taiwan (Han 1979). According to the early
Nanguanlidong site and the later Fengbitou site, it can be confirmed that millet
farming in Taiwan came from the mainland. On the whole, the spread of millet to
southern China and Southeast Aar@ an important part of the spread of prehistoric
East Asian populations, which involves the formation of Austronesian and
Austroasiatic groups (Deng et al. 2017; Fuller 2011; Han and Pan 1981; Han and
Takahiro 1996; Peng 2009; Sagart 2008). Bellwoodb|Xigests that the ancestors

of Austronesian people may have been Neolithic farmers of rice and even millet, who
came to Taiwan from Fujian 508000 years ago. When they moved to Batanes
Islands and the northern Philippines about 4000 years ago, thesgedatheir
traditional techniques for making reslipped pottery, jade earrings, shouldered
spades, cereal crops, domesticated pigs and dogs, and developed mature marine
fishing and shipbuilding technologies (Bellwood 2005; Carson et al. 2013; Hung et al.

2007, 2011; Hong and Bellwood 201Hpwever, other researchers think that in Island
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Southeast Asia the introduced techniques and social practices were gradually adopted
and grafted onto preexisting cultures and practices rather than people abandoning
their living forms, such as exploitation of vegetative plants (Barton and Denham 2011,

2018).

24/ SYGNB 2F @S3SilFiArAgSte LINPLI3IIFIGSR

In the southernmost part of China, rice agriculture was first introduced from the
middle Yangtze River Basin in c. 60aDBP (Zhao 200 or after 5000 cal BP (Deng
etal. 2015; Yang et al. 2016) and gradually became the major crop in this region.
Before the establishment of rice agriculture, vegetatively propagated plants, such as
tubers, roots and palms, were probablynsumed by prehistoric people in southern
China (Wan 2012; Yang et al. 2013). However, the origin and development of
vegetative cultivation systems in southern China remain unclear due to the lack of

reliable archaeological evidence (Denhanakt2018).

Although Zhao (2011) has proposed a third pathway of early Chinese agricultural
development other than riceand milletbased agriculture, current evidence cannot
prove the existence of vegetative propagatibased agriculture before the arrival of

rice agiculture in southern China. Archaeobotanical remains of vegetatively
propagated plants predating 5000 cal BP, including micro and macro remains, have
been recovered from only a few sites, primarily Zengpiyan, Niulandong and Xincun.
Both macro and micro mains have been recovered from Zengpiyan (Institute of
Archaeology 2003: 28293), while at Niulandong and Xincun only micro remains are
found (Wan 2012; Yang et al. 2013). The insufficiency of archaeological remains is
attributed to the poor preservatioof plant macro remains in soils of wet tropical and
subtropical regions, as well as the delayed development of archaeobotanical study of

early agriculture in southern China (Yang et al. 2013; Zhao 2011).
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Zengpiyan cave siteN(25°12', EL10°16") is located in Guilin City, in the north of
Guangxi Province. Located in a limestone plain with small hills, streams, and diversified
natural resources in northeast Guangxi, the Zengpiyan cave and its vicinity provided
diverse residences for peopl&engpiyan is an important archaeological site in
southern China and has been excavated tvwgoe the 1970s and 2001. Based on the
excavations, the Zengpiyan Neolithic cultural stratum can be divided into five phases:
Phase 1: c12,000;11,000 cal BP, Pha&: ¢.11,000;10,000 cal BP, Phase 316,000

9000 cal BP, Phase 49000;8000 cal BP, and Phase 53@00;7000 cal BP.

The excavation in 2001 employed archaeobotanical methods, but due to the limitation
of the excavation area, €0 m?, carbonisedplant remains were still very rare (Zhao
2006). Flotation yielded 0.§ of carbonised material per 100 litres of soil, which is
comparatively low (Institute of Archaeology 2003: 2883) (Table.3).
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According to the flotabn results (Institute of Archaeology 2003: 2263), tuber
remains are recovered from all five phases. The weight of carbonised plant remains
had gradually increased from Phase 1 to Phase 5, but with a decline of plant seeds
during Phase 4. Tuberous remaiwere sparse and they are so fragmented that they
could not be identified. However, parenchyma analysis of tuber remains has not been

undertaken to any taxonomic level.

241.2a A ON2 NBYlI Aya

In 2001, archaeologists applied phytolith and starch approachestract residues
from soil and stone tools, respectively (Institute of Archaeology 2003¢Z%93.
Unfortunately, most edible USOs, such Rimscoreaand Colocasigplants, do not
produce phytoliths (Piperno 2006). Therefore, some major species of vegdéyative
propagated plants cannot be detected by phytoliths; banana is an exception (Piperno
2006) ¢ however, banana phytoliths have not been found in @egiment sample

at Zengpiyan.

The starch analysis is a suitable approach for identifying the speciegefatively

propagated plants, and can remedy the deficiency of the phytolith method (Yang

2017). Researchers attempted to extract starch grains from 58 targeted spots on 25
artefacts (Institute of Archaeology 2003: 649). Starch grains were found on nine
artefacts, five of which possess starch grains potentially frGolocasiglants.
Coincidentally each phase (from Phase 1 to Phase 5) has one artefact that contains

starch granules. All these starch residues were found on the blades of tools. Based on
published images, the starch grains are broadly consistent @itfocasiapp. in terms

of shape (spherical), sizec®@> Y0 YR Of dZai SNAyYy 3 2F a&ANI ydz Sa
2006). Sinc€olocasiatarch is rare in natural soil, and the cave environment of

Zengpiyan is not suitable for the growth@blocasiglants, thediscovery ofColocasia
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(Institute of Archaeology 2003: 6§651). However, the identification of taro based
on the presence of starch granules is problematic, becausggitt be confused with

metabolic starch or other species (Crowther 2005).

A

242b AdzZf F yYR2y 3 aAidsS

Niulandong (N24£ 20t 34N , E113£ 27t 10N ) is located in Yingde City,
Guangdong Province. The earliest occupation of Niulandong occurred c. 12,000 cal BP,
at the beginning of the Holocene, which is the late Palaeolithic period and early
Neolithic period in Chinese archaeologicalronology (Wan 2012: 89). Some rice
phytoliths, identified as wild rice type, are found from stratigraphy dated to c. 10,000
cal BP (Liu 2003; Jinat 1998). No macrobotanical remains were found during the
excavation, but starch residues were extratfeom plant processing tools, like plate

like stone artefacts and pestlike stone artefacts. These artefacts come from early

Neolithic strata, around 10,000 cal BP (Jin et al. 1998; Wan 2012).

In total 109 starch grains were extracted from 18 samp$ipgts on eight artefacts.
Twentyone starch grains derive fro@ycadaceaplants or other rhizomes. Nine
starch grains possess particular features of rhizomes. Three starch grains are
probablyfrom Zingiberacea@lants. The remaining 76 starch grains are

either Panicoideaglants or unidentified plants (Wan 2012: 78).

Abundant and various types of starch grains, extracted from stone artefacts, indicate

GKFGO LXFyd NBazdz2NOSa | 002dzyd F2NJ F AAIYATFA
(Wan 2012: 79)dentified starch grains from USO plants make up approximately 30%

of whole extracted starch grains. The high percentage of starch grains from USO plants

may indicate Niulandong people had widely employed the USO plants in the early
Holocene period (Wan@2: 79).
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Xincun (N21£ 54 33N, E112f 58 43N) is located in Taishan City, Guangdong
Province. The site was excavated from July 2008 to April 2009. During the excavation,
six late Neolithic layers were identified representing occupations from c. 5500 cal BP
to 4500 cal BP (Yang dt 2013). In total 454 starch grains and 1950 phytoliths were

recovered during microfossil analysis.

Starch grains were recovered from eight stone tools, with no starch grains found in
sediment samples, suggesting starch grains are related to tooluseatal, 85 starch
grains come from palms, including 78 from fishtail paldarfota sp.) Seventeen
starch grains come from banandsa sp), which can be divided into two stgroups:
seven starch grains most closely match a hybrid banana, and 10 gjeaicts are
similar to the domesticated banana's progenitors, wild seeded bardnaguminag).
In total 48 starch grains derive from several freshwater roots and tubers: two from
lotus root €f. Nelumbo nucifera)l7 from Chinese arrowhea®4gittaria sp. and 29

from water chestnut¢f. Eleocharis duldis

Abundant phytoliths, in total 1950, were extracted from four stone tools (Yang et al.
2013). Of the identified 1950 phytoliths, 56% (1094 phytoliths) were globular echinate
phytoliths from palm (Araaaeae), 34 polygonal cones from sedge (Cyperaceae), seven
elongate of triangular prism from fern, 16 phytoliths (including bulliform, 4veak
glume and bilobate) fron©ryza 70 bulliform echinate and long saddle types from
bamboo, 83 broadleavetiee phytdith, 32 reed bulliform, 603 other types of
phytolith including conifetree phytolith and 11 unidentifiable phytoliths.

Archaeological starches and phytoliths from Xincun demonstrate that palm was the

dominant exploited plant (Yang et al. 2013). All itfezd palm species occur wild in
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southern subtropical and tropical China. In addition, two progenitors of the modern
domesticated bananausa acuminataand M. balbisiang are also recorded in this
region (Yang et al. 2013). The presence of banana staeihs including a hybrid at
Xincun around 5000 years ago may indicate the exploitation of this plant and probably
its local cultivation, but the possibility of a wild hybrid cannot be rule out (Yang et al.
2013). Starch and phytolith analyses also reveatleast four types of grains from
tubers and roots; of which Chinese arrowheadSdgittariasp.), lotus ¢f. Nelumbo
nucifergd and water chestnutcf. Eleocharis duldisre still very popular in southern

China today (Yang et al. 2013).

Palms, banaas and USO plants are normally propagated vegetatively in southern
China (Yang et al. 2013). The availability of these wild starchy plants provided the basis
of a subsistence strategy in this region, and potentially contributed to resistance to
more labourintensive subsistence, like rice agriculture. The abundant starch and
phytolith remains suggest that palms were a significant plant food prior to the

introduction of rice cultivation in southern China (Yang et al. 2013).

24453y il f OFNASASBPARBYPS Ay 4a2dziK

Five individual samples of human bone have been unearthed from Zengpiyan. The
incidence rate of dental caries reached up to 47.3%, most of which are highly severe
(Institute of Archaeology 2003: 44828). Based on the analysis of flotation result
cereal agriculture had not emerged at Zengpiyan at that time. Since the incidence of
dental caries is often deemed to be positively related to the consumption of starchy
food with the development of agriculture (Turnand Machadol983), excavators

infer that USO plants may have been the main source of starchy food, and may have

occupied a significant part in the subsistence of Zengppgaple.
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According to the current evidence, archaeologists cannot determine whether the
cultivation or management dfolocasiglants occurred at Zengpiyan. But it is clear

GKFEG '{h LXIyGa SEA&ZGSR Ay %Sy3aLhely LIS2LX
plant remains found in all Neolithic phases at the site (Institute of Archaeology

2003:343).

Comparably, Liyudus a Neolithic shell midden located in Suixi County, Zhanjiang City,
Guangdong Province. Its cultural deposit can be divided into six strata. The fourth, fifth
and sixth strata are dated between 9000 and 7000 cal BP. Five individual samples of
human bone,ncluding 123 teeth, have been unearthed. According to dental analysis,
the dental caries incidence reached 17.9%, which is roughly equivalent to an
agricultural population and markedly higher than other economic types in ancient
society, but much lower thaZengpiyan (Chen and Li 2013). However, based on the
flotation analysis, there is no sign of agriculture. In addition, the stable isotope analysis
of human bones indicates that marine resources were mainly consumed by Liyudun
people, while terrestrial resurces only played a secondary role (Hu et al. 2010).
Although no USO plant remains have been found, researchers still consider the high
rate of incidence of dental caries to be related to the consumption of tubers and roots

(Chen and 12013).

2.45{ dzZY Y NE

Available archaeobotanical evidence does not prove the existence of nascent plant
cultivation or domestication in southern China prior to the introduction of rice and
millet farming. However, the evidence from southern China is consistent with early
plant exploitation across a wide range of other wet tropical and subtropical regions,
including Southeast Asia, the Pacific islands of Melanesia, the Amazon in South
America, and the Congo Basin in Africa (Denham et al. 2018). Even if vegetatively

propagated crps were cultivated in southern China before the adoption of rice
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farming, current evidence is not enough to fully substantiate any claim for a third
domesticated centre. There need to be more extensive excavations, more detailed
studies, and more systematarchaeobotanical research to provide new evidence to
support this claim. Moreover, the three sites that have published archaeobotanical
evidence and analysis data are not only geographically dispersed but represent
different chronological periods. Henci,is not possible to put these discontinuous
archaeological sites into a unified spgtime framework to understand the early
cultivation and domestication of vegetativepyopagated plants in southern China

during the early and middle Holocene.
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Chapter 3 Revew of archaeobotanical methods
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Chapter 4 Field and laboratory methods
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Chapter 5 Radiocarbon dating results
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Chapter 6 Phytolith results
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Simple / Compound

Diameter centric (spherical grains) and eccentric

Shape 2D: circular, oval, semicircular, triangular, square, rectangular, trapezoidal,
polygon, elongated, ends equal (also, Rod-shaped) or one end attenuated
3D: spherical, hemispherical, ovoid, ellipsoid, polyhedral, lenticular, etc
[VEFTIY smooth, damaged, undulating, rough, puckered, etc.

Hilum Present / absent
Closed / open
Centric / Eccentric

Distinct / Indistinct
spherical, lenticular, elongate, invisible, etc
Present / absent

Lamellae Lamellated / Non-Lamellated
Concentric/Eccentric
Complete or Continuous / Incomplete

Distinct / Indistinct

Present / absent

Ot 4 Centric / Eccentric

arms Distinct / Indistinct
Symmetric / Asymmetric

Lines Thick / Thin

Lines Straight / Curved

Degree of Polarization
Knobby, rough, smooth, cleft, granular, reticulate, wrinkled, pressure facets, etc
Degree of birefringence (subjective)
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