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Identifying when agricultural expansion has occurred and how it altered the landscape is critical for understanding human social survival strategies as well as current ecological diversity. In the present study, phytolith records of three profiles from the Baodun site area were dated to the period from 7,500 to 2,500 aBP by optically stimulated luminescence and 14C dating, providing the first evidence that the Asian cultivated rice (Oryza sativa) progenitor was distributed in the Chengdu Plain as early as 7,500 aBP. The percentage of rice bulliform with ≥9 scales and the concentration of rice phytoliths sharply increased by approximately 4,200 aBP, suggesting that rice cultivation occupied a dominant position in survival strategy no later than approximately 4,200 aBP, which might be driven by climate deterioration in eastern China. The results further showed that the proportion of Bambusoideae phytoliths increased synchronously with the increase in the proportion of rice phytoliths, suggesting that the vegetation structure near the site was changed intentionally as a consequence of increasing rice agricultural activity since 4,200 aBP. The present study contributes to a deeper understanding of the distribution of wild rice and rice farming throughout the Baodun culture in the Chengdu Plain, and it also provides a glimpse of how humans intentionally changed the vegetation landscape on a local scale.
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INTRODUCTION
Agricultural expansion is one of the major drivers of human culture development (Gowdy and Krall, 2014). Reconstructing the time of the spread of domesticated crops can help us understand the climatic and other environmental factors that governed the range of expansion of these crop species (Gutaker et al., 2020), as well as the relationship between farming activities and the consequent landscape changes (Ellis, 2011; Woodbridge et al., 2014; Zheng et al., 2021).
Rice (Oryza sativa L.) is a major staple crop for half of the global population (Wang et al., 2018). It is a highly diversified crop cultivated in a wide ecological range, spanning tropical and temperate zones of Asia, from permanent to seasonal wetlands (Fuller et al., 2010; Fuller et al., 2011). However, the distribution of wild rice (Oryza rufipogon and/or O. nivara) in China remains unclear. The reports of possible wild rice distribution can only be traced back to the Tang and Song Dynasties (You, 1987), while evidence of an earlier distribution can only be obtained from agroclimatic studies (Fuller et al., 2010).
While the origins of rice have been the focus of intensive study, less attention has been paid to its spread after domestication, especially from its cradle Middle-Lower Yangtze to southwest China, which contains a variety of ecosystems and diverse landscapes of the Yunnan-Guizhou Plateau and the low lying Chengdu Plain (d’Alpoim Guedes et al., 2013). There is a further lack of description of the process of landscape modification by rice farming among earlier small-scale societies, as evidence of these processes is sparse (Pavlik et al., 2021).
The Chengdu Plain has a suitable climate for rice cultivation which attracted earlier rice farming populations that widely occupied the area (Sun, 2009; Huang et al., 2017). It is believed that the introduction of rice farming into the Chengdu Plain occurred relatively late, in the time of the Baodun culture (4,600–3,700 cal aBP) from the Middle-Lower Yangtze (Jiang et al., 2002; Jiang et al., 2011; Qin, 2012; d’Alpoim Guedes and Wan, 2015), which was supported by increasing archaeological (Chen et al., 2015) and DNA evidence (Castillo et al., 2016). The development of rice farming in the Chengdu Plain has influenced the regional landscape since the late Neolithic and played a significant role in the formation of prehistoric cultures in Southwestern China, such as Baodun and Sanxingdui cultures (Chen et al., 2015). Although recent studies have outlined the time that rice arrived the plain (d’Alpoim Guedes et al., 2013), however, because of the lack of comparable chronological records from natural deposits and culture layers, the development of rice agriculture and its impact on vegetation are still unclear. In particular, whether wild rice spread into the Chengdu Plain during the Holocene has not been clarified to date.
Phytoliths can be used not only to identify individual species but also to reconstruct the process of crop domestication in order to reveal the intensity of agricultural activities (Piperno, 2006). Specifically, the proportion of bulliform phytoliths with ≥9 fish scale patterns largely differ between wild rice habitats and cultivated rice paddies (Huan et al., 2018; Huan et al., 2020). Bulliform phytoliths can be used to assess the degree and rate of rice domestication to some extent (Huan et al., 2015; Huan et al., 2018). Reconstruction of the quantitative relationship between crop domestication and natural vegetation changes in the same profiles of the same site can provide new evidence for human impact on the ecological environment.
Here, we reported the results of optically stimulated luminescence (OSL) and radiocarbon dating of phytoliths derived from archaeological deposits of the Baodun site approximately 4,500–2,500 cal aBP and a successive natural deposit profile that extends to 7500 aBP in the Chengdu Plain. Based on phytolith assemblage identification, this study revealed the earliest record of wild rice in the Chengdu Plain to date and established a complete rice domestication sequence combined with natural plant changes, which provides new evidence for understanding how humans intentionally influenced their environment.
MATERIALS AND METHODS
Regional Setting
The Chengdu Plain, which covers an area of approximately 8,400 km2, is the largest fluvial plain in Southwestern China (Liang et al., 2014; Huang et al., 2019a) (Figure 1A). It is a composite alluvial plain formed by the Minjiang River, Tuojiang River, and its tributaries in the Northwest Sichuan Plateau. The plain extends from northeast to southwest, with an altitude of approximately 400–750 m, and belongs to the subtropical monsoon climate (Liu et al., 2004). The average annual temperature is 15–16 °C, and the average annual precipitation is 1,000–1,300 mm (Luo et al., 2008). At present, this area is an important rice farming area in Southwestern China.
[image: Figure 1]FIGURE 1 | (A) Location of the study site, and (B) sampling positions of the three profiles in the Baodun site. The black circles in (A) indicate modern cities, and the red circle indicates the archaeological site in this study.
The chronological order of Neolithic cultures in the Chengdu Plain is: 1) the Baodun culture (4,600–3,700 aBP), which is equivalent to the Longshan period of the Central Plains (Huang et al., 2019b); 2) the Sanxingdui culture (3,700–3,000 aBP), an important archaeological culture after the Baodun culture and is equivalent to the fourth phase of the Erlitou culture in the Central Plains and to the second phase of Yinxu, represented by the Sanxingdui site in Guanghan (Liu et al., 2004) (Figure 1); and 3) the Shierqiao culture (3,200–2,600 aBP), from the early Western Zhou Dynasty to the early Spring and Autumn period, represented by the Shierqiao and Jinsha sites (Li et al., 1987; Zhu et al., 2004).
The Baodun culture (4,600–3,700 aBP), which is named by the site of Baodun, is currently the earliest archaeological culture found in the Chengdu Plain in Southwestern China. The Baodun site (E103°45′, N30°26′, 472–474 m) is located in Baodun village, Xinping Town, which is ∼5 km northwest of Xinjin County, Chengdu City, Sichuan Province (Figure 1). The site is currently the biggest prehistoric site that characterises Baodun culture.
Sample Collection
In the present study, we analysed 105 phytolith samples from three profiles. Among the profiles, two were from excavations T1217 and T2250, and the third was from natural deposits beneath the oldest culture layers of T1215. All three profiles had comparable stratigraphic sequences.
Deposits from the first profile (T1217, 130 cm in thickness) could be divided into 12 layers from bottom to top according to the structure of the stratigraphy, soil colour, and archaeological remains: 1) layers 12–11 (190–170 cm), grey-green clay with brown soil blocks and Fe-Mn nodules, transition layers from natural deposits to the early Baodun culture; 2) layers 10–9 (170–123 cm), brown clay with Fe-Mn nodules, middle to late Baodun culture; 3) layers 8–5 (123–70 cm), grey-brown clay, Han Dynasty; 4) layers 4–3 (70–41 cm), brown clay, Tang-Song Dynasty; 5) layer 2 (41–33 cm), brown clay, Ming-Qing Dynasty; 6) layer 1 (33–0 cm), modern cultivated layer. Four samples were taken at 5 cm intervals in the 12th layer, 30 samples were taken at 2 cm intervals in the 11th–8th layer, 16 samples were taken at 5 cm intervals in the 7th–2nd layer, and three samples were taken at 10 cm intervals in the 1st layer. Two charcoals for dating were collected at 140–142 cm and 136–138 cm (Figure 2).
[image: Figure 2]FIGURE 2 | Stratigraphic sequences of the three sampling profiles (T2250, T1217, and T1215).
T1215 (75 cm in thickness) is a natural deposit profile just beneath the oldest culture layer of the Baodun site. It could be divided into four layers from bottom to top: 1) layers 4 (235–230 cm), black-dark grey clay; 2) layers 3 (230–205 cm), grey clay; 3) layers 2 (205–170 cm), grey clay grey clay with few Fe-Mn nodules; 4) layers 1 (170–160 cm), grey clay with Fe-Mn nodules, which are transition layers from natural deposit to early Baodun culture. Fifteen samples were taken at 5 cm intervals in the 4th–1st layer, and three OSL samples were collected for dating at 228, 204, and 168 cm (Figure 2).
Profile T2250 (220 cm in thickness) could be divided into seven layers from bottom to top: 1) layers 7 (200–180 cm), grey-green clay, natural deposit; 2) layers 6 (180–120 cm), grey-green clay with brown soil blocks and Fe-Mn nodules, Baodun culture; 3) layers 5–3 (120–64 cm), grey-green clay to brown clay with few Fe-Mn nodules, Han Dynasty; 4) layers 2 (64–30 cm), grey-green clay, Tang-Song Dynasty; 5) layer 1 (30–0 cm), modern cultivated layer. Five samples were taken at 5 cm intervals in the 7th layer, 30 samples were taken at 2 cm intervals in the 6th–5th layer, 18 samples were taken at 5 cm intervals in the 4th–2nd layer, and three samples were taken at 10 cm intervals in the 1st layer. Four OSL samples were collected for dating at 200, 173, 116, and 62 cm. We analysed a total of 37 samples from layers 7 to 5 in T2250 (Figure 2).
Phytolith Extraction and Identification
Phytoliths were extracted from soil samples according to established methods (Zhao and Piperno, 2000; Piperno, 2006) with minor modifications. Initially, approximately 2 g of each sample was weighed and treated with 30% H2O2 and 15% HCl to remove organic matter and carbonates. The samples were then subjected to heavy liquid flotation using ZnBr2 (density = 2.35 g/cm3) to separate the phytoliths, which were subsequently mounted on a slide using Canada Balsam. After air drying, the phytoliths on the slide were counted and identified using a Leica microscope at ×400 magnification. More than 400 phytolith particles were identified in each sample and recorded according to published references and criteria (Wang and Lu, 1993; Lu et al., 2002; Lu et al., 2006). Phytolith abundance was expressed as percentages of all phytoliths counted. In particular, for samples with rice phytoliths, the slides were scanned until 50 rice bulliforms with clear and countable scales were observed (except in 16 out of 105 samples that contained minor phytoliths) in order to calculate the proportion of rice bulliform phytoliths with ≥9 scales (Huan et al., 2015; Huan et al., 2020). The abundance of bulliform with ≥9 scales was expressed as percentages of only bulliform phytoliths counted.
Methods of Chronology Assessment
A total of nine dating samples were collected from the three profiles, of which two were used for 14C dating by the Center for Applied Isotope Studies, University of Georgia, and the rest were tested by OSL from the Luminescence Research Laboratory, Linyi University, China. The dates that were obtained by the 14C method were calibrated by OxCal 4.4 using the IntCal 20 atmospheric curve (Reimer et al., 2020) and are presented in Table 1 (Lv et al., 2021).
TABLE 1 | 14C dating results from the Baodun site (Lv et al., 2021).
[image: Table 1]For OSL dating, quartz was purified by the following process: after the removal of carbonates and organic materials, the samples were subjected to wet sieving (63–90 μm), density liquid (SPT, 2.62–2.70 g/cm3), HF etching (40 min), HCl rinse (40 min), and dry sieving (63 μm) (An et al., 2020). Small aliquots (2 mm diameter) were used to effectively demonstrate the scatter in equivalent dose (De). The Des were measured with a Risø TL/OSL DA-20 reader, and the Single Aliquot Regenerative dose (SAR) (Murray and Wintle, 2000; 2003) protocol and the standardised growth curve (SGC) method (Roberts and Duller, 2004) were applied. The detailed protocol and parameters followed were referred from An et al. (2020). For each sample, five aliquots were measured with the SAR protocol, and the five growth curves of each aliquot of a sample were averaged to build the SGC for each sample. Then normalised natural signals of additional 14–16 aliquots were matched to their SGCs to calculate SGC Des. Finally, the De of each sample was calculated based on the SAR Des and SGC Des (n = 19–21) using the central age model (Galbraith et al., 1999). The decay curves (dominated by the fast component), growth curves, and SGCs of samples are displayed in Figures 3A,B. De distribution plots (Abanico plots) (Dietze and Kreutzer, 2020) of all the samples (Figures 3C–I) suggested that the OSL signals were well bleached before the burial. The content of elements was measured using ICP-MS (U and Th) and ICP-OES (K). Considering the high groundwater level, water content was estimated based on the actual measured and saturated values (Table 1). The dose rates and ages are calculated by the Dose Rate and Age Calculator (Durcan et al., 2015) and are shown in Table 2.
[image: Figure 3]FIGURE 3 | (A) Decay curves, (B) growth curves (red for SGC, and (C–I) De distributions. SGC: Standardised growth curve; De: The scatter in equivalent dose.
TABLE 2 | Optically stimulated luminescence (OSL) dating results of the Baodun Site.
[image: Table 2]RESULTS
All nine dating samples from the sites successfully yielded credible dates (Tables 1, 2). Generally, all these direct dates fit well with the cultural affiliations of their contexts. Dates of T1215 were found to range from 7,500 to 5,000 BP, which is completely beyond the cultural period of the site. The oldest age of the lowest layer of T1215 (7500 BP) is consistent with that of the palaeowood remains dated at 7,400 cal BP (Huang et al., 2019b). Two dating results of T1217 (4,000 cal aBP) are corresponding with the late Baodun period. Dates of T2250 fell into the range of 4,200–2,500 aBP, covering the periods of middle to late phases of the Baodun culture.
All 105 samples from the Baodun sites yielded abundant phytoliths (Figure 4). In total, 26 phytolith morphotypes were identified, of which four could be confirmed from crops, including double-peaked, bulliform, and parallel-bilobate phytolith types of rice, and epidermal long cell phytoliths from the upper lemma and palea of millets (broomcorn and foxtail millet) (Figure 4). Other typical morphotypes that could be identified to the subfamily level and lower levels were the long saddle phytoliths of Bambusoideae, rondel and trapeziform sinuate phytoliths of Pooideae, bulliform phytoliths of Arundiaceae, and bilobate phytoliths of Panicoideae, as well as woody phytoliths and Cyperaceae phytoliths.
[image: Figure 4]FIGURE 4 | Main phytolith morphotypes at the Baodun site. (A–E) rice bulliform phytoliths from rice leaves with increased scale numbers, (F) double-peaked cells from rice husk, (G–H) long saddle phytoliths, (I) bilobate phytoliths, (J) acicular hair cell phytoliths, (K) achene phytoliths belonging to Cyperaceae, (L) scutiform-bulliform phytoliths belonging to reeds, and (M–N) woody phytoliths.
The most significant feature of crop phytolith assemblages from the three profiles was the presence of abundant rice phytoliths (rice bulliform and double-peaked types), ranging from approximately 0.2–5.5%, in almost every sample 7,500 aBP (Figure 5). To reconstruct the farming development process, all 105 samples were further analysed to count the number of scales on the edge of the rice bulliform phytoliths. For each sample, almost 50 bulliform phytoliths with clear and countable scales were carefully observed. The average proportion of bulliform phytoliths with ≥9 scales remained at a low level of 20.2 ± 5.1% between 7,500 and 5,000 aBP in T1215. However, their proportion increased over 25% during 5,000–4,000 aBP in T1217, including the early-middle Baodun period (Figure 5), and sharply increased to 48.6 ± 8.5% after 4200 aBP, as evident in T2250 (Figure 6).
[image: Figure 5]FIGURE 5 | Phytolith assemblages of T1215 and T1217 profiles.
[image: Figure 6]FIGURE 6 | Phytolith assemblages of T2250 profile.
Similarly, the percentage and concentration of rice phytoliths and millet husks increased synchronously in both T1217 and T2250 (Figures 5, 6). Especially, the concentrations of rice bulliform, double-peaked and millet husk in T1217 simultaneously reached the peak of 9.6 × 104, 30 × 104, and 9.6 × 104 grains/g at approximately 4,000 aBP, respectively. The same trend was also evident in T2250, as the concentrations of rice double-peaked and millet husk reached peaks of 57.9 × 104 and 5.5 × 104 grains/g at approximately 4,200 aBP.
It is also worth noting that the assemblage of phytoliths varied greatly from natural to cultural layers (i.e., in T1215 and T1217). It is characterised by a synchronous increase in the abundance of rice phytoliths and long saddle phytoliths belonging to Bambusoideae, bilobate and cross phytoliths belonging to Panicoideae, and rondel and trapeziform sinuate phytoliths belonging to Poaceae, Cyperaceae, and woody phytoliths. In particular, the concentration of rice phytoliths and long saddles also changed synchronously in the profiles of T1217 and T2250, which reached the highest value soon after 4,200 cal aBP, after which it decreased again, revealing a strong relationship between agricultural activities and natural changes in vegetation near the site. The concentration of long saddles sharply increased from 5.8 to 57.9 grains/g and peaked synchronously with the concentration of rice phytoliths at approximately 4,000 aBP in T1217. Similarly, in T2250, the concentration of long saddles obviously increased after 4,200 aBP, from 2.3 to 41.3 grains/g, along with the increase in rice phytolith concentration.
DISCUSSION
Studies on Neolithic agriculture in the Chengdu Plain have focused primarily on documenting the cultivation and spread of crops and were limited to the Baodun period (d’Alpoim Guedes et al., 2013; d’Alpoim Guedes and Wan, 2015). Since there are a limited amount of palaeovegetation records before and after the Baodun period, the introduction and development of rice farming in the Plain, as well as the vegetation evolution history influenced by rice farming are still a subject of discussion (Jiang, 2009; Jiang et al., 2009; Qin, 2012). The phytolith records analysed in the present study dated from 7,500 to at least 2,500 aBP provide chronological records of rice farming development and landscape alteration near the study site.
Wild Rice Distribution
The proportion of bulliform phytoliths with ≥9 fish scale patterns was largely different in wild rice soils (17.5 ± 8.3%) and domesticated rice soils (57.6 ± 8.7%), which can be used as an indicator to assess the degree and rate of rice domestication to some extent (Huan et al., 2015). According to our records, the proportion of rice bulliform phytoliths with ≥9 fish scales was maintained at approximately 15–25% throughout the T1215 profile, which was the first substantial evidence of the presence of wild rice in the Chengdu Plain as early as 7,500 BP. Our results, combined with the presence of Cyperaceae and reed phytoliths from the T1215 profile and other palaeoenvironmental evidence (Huang et al., 2019b), indicated that the environment near the Baodun site was permanent to seasonal wetlands in association with lake and marsh biomes, which contained a spectrum of ecological niches suitable for the rice wild progenitor complex (Oryza rufipogon and O. nivara).
The Development of Rice Farming
The observed sharp increase in the percentage of rice phytoliths with ≥9 fish scales beyond the distribution range of wild rice data (more than 50%), with simultaneous increases in the percentage of both rice husk and leaves after 4,200 cal BP in T 2250 and T1217 (Figures 5, 6), suggested an increase in the area of domesticated rice habitat and a decrease in the area of wild rice habitat. This, combined with the synchronous increase in the percentage and concentration of rice phytoliths, indicated that rice farming with a minor millet cultivation survival strategy occupied a dominant position no later than 4,200 aBP at the Baodun site.
We suggested that this might be a consequence of social development, and it may more likely be attributed to the rapid expansion of rice cultivation as suggested in a previous study (Gutaker et al., 2020). Gutaker et al. (2020) speculated that the climatic change (aridification) might have resulted in the southward dispersal of rice (agricultural communities). This study used absolute dating and confirmed the abrupt increases in rice abundance and domesticated traits since approximately 4,200 aBP in sedimentary archives in southwestern China, offering archaeological, biological, and chronological evidence for this suspension.
Since 4,200 aBP, Neolithic cultures and rice agriculture (Wang, 2004; An et al., 2005; Guedes et al., 2015; Wang et al., 2016) declined in East Asia/eastern China, and debates remained on what drove the decline, e.g., climate deterioration (An et al., 2005; Marcott et al., 2013), flood and wars (Wang 2004; Shen et al., 2015), and from where the people migrated (Gutaker et al., 2020). The rapid development of rice cultivation in Chengdu Plain in 4,200 aBP may shed light on this question. The aridification since approximately 4,200 aBP could not sustain the former agricultural systems and cause the southward shift of the agricultural belts, which further drove the southward migration of people, resulting in the southward dispersal of rice agricultural communities (Silva et al., 2015; Castillo et al., 2018; Gutaker et al., 2020). At this time, the climate in the Chengdu Plain was relatively mild (Luo et al., 2007; Luo et al., 2008) with ample water sources, presenting an ideal environment for wetland rice production (d’Alpoim Guedes et al., 2013). However, owing to the lack of regional high-resolution evidence of environmental change and population migration, further research is needed.
Although rice has appeared as early as approximately 4,600 BP at the site of study (d’Alpoim Guedes et al., 2013), the present study indicated low proportions of rice bulliform phytoliths with ≥9 scales between 5,000 and 4,200 aBP. We propose that the presence of wild rice had caused inevitable hybridisation with the domesticated rice (Wang et al., 2017) and the wild rice might have degenerated the traits of domesticated rice. Moreover, the area of rice cultivation during the primary stage of the Baodun culture was small, which may also be a reason for the reduced proportion of rice bulliform phytoliths with ≥9 scales. A previous archaeobotanical study also indicated that domesticated rice accounted for only 50% of the total rice remains during the Baodun period (d’Alpoim Guedes et al., 2013). However, rice remains were not distinguished by culture phases in that study. Therefore, the proportion of domesticated rice cultivated during the early stage of the Baodun culture was not exactly determined. Another evidence of a single broken rice spikelet was found in the Guiyuanqiao site in the Chengdu Plain (d’Alpoim Guedes and Wan, 2015). However, it was also difficult to determine whether it was wild or domesticated.
Landscape Changes as a Consequence of Neolithic Rice Cultivation
Our data further indicated that human-induced vegetation changes in our study region can be traced back to as early as 4,200 aBP. The vegetation transformations that occurred at this time involved a simplification of the Poaceae vegetation structure, particularly the increase in Bambusoideae (long saddle phytoliths), Panicoideae (bilobate and cross phytoliths), and Pooideae (rondel, trapeziform sinuate phytoliths), based on a comparison with phytolith records from T1215, T1217 and T2250 (Figures 5, 6). It is suggested that because of the development of rice farming, ancient people altered the surrounding vegetation, for example the irrigation expanded the habitats suitable for hydrophilous plants, such as reeds and some Cyperaceae species. Specifically, agriculture might benefit the expansion of bamboo. On the one hand, the expansion of rice paddy caused deforestation, which provided space for the expansion of bamboo. On the other hand, the utilisation of bamboo as agricultural tools and building materials promoted the development of rice production. Our records, combined with previous charcoal analyses, indicated that bamboo was widely utilised at the Baodun site (Yan et al., 2016).
The combined increase in the amount of evidence of rice and Bambusoideae further suggests that the farmhouse forest (Linpan in Chinese) landscape with the bamboo forest as one of the main vegetation types (Dajiang et al., 2011) may have appeared no later than 4,200 aBP. It also contributes to understanding the evolution of the Linpan community, which is a traditional rural settlement unit that has close relations among rice farming, daily life, and landscape and has outstanding agricultural heritage conservation values in the Chengdu Plain (Fang and Li, 2011; Yuan et al., 2020).
It should be pointed out that information relating to past plant diversity revealed by phytolith data is limited and incomplete, mainly because different plant taxa have different phytolith productivities (Piperno, 2006). In particular, woody taxa yield less phytoliths that can be identified to the genus level (Wang and Lu, 1993). Although the inherent biases of phytolith analyses cannot be eliminated, phytolith records still represent one of the best data sources to describe the surrounding landscape, especially the herbaceous vegetation landscape, in a wide ecological range, from dry to humid regions (Dickau et al., 2013; Zhang et al., 2013; Liu et al., 2021). The phytolith records described in the present study provide a glimpse of the development of rice farming throughout the Baodun culture in the Chengdu Plain and a description of Poaceae floral compositional changes since 7,500 aBP.
CONCLUSION
In the present study, phytolith remains collected from natural deposits and culture layers dated from 7,500 to 2,500 aBP at the Baodun site, Southwestern China, were analysed. The evidence indicated that wild rice was already distributed in the area as early as 7,500 aBP. The comparison of phytolith records from natural and archaeological layers indicated that the survival strategy of rice cultivation for the Baodun people occupied a dominant position no later than approximately 4,200 aBP. We suggest that this may be due to the expansion of rice cultivation to southwestern China caused by late Holocene climate deterioration and the subsequent decline of Neolithic culture in eastern China. The intensified farming activities further induced Poaceae vegetation alternation, particularly the expansion of the bamboo forest in areas near the Baodun site. These findings have implications in understanding the distribution of wild rice during the Holocene, as well as in understanding the development of rice farming and human-induced vegetation and landscape changes in past small-scale societies of Southwestern China. Thus, this study contributed to the understanding of the formation and continuance of the ancient Sichuan civilisation.
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(aBP)” dates (20)

(cal. aBP)

2018BD-T1217-2 136 2562 3600 30  4,146-3924
2018BD-T1217-1 140 2682 3680 20  4,089-3926

“The quoted uncalibrated dates are given in raciocarbon years before 1950 (vears BP),
using the'“C half-ife of 5,568 years. The error is quoted as a single value (standard
deviation) and reflects both statistical and experimental errors.
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