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Bl 1 (WEROR 6K B CT SRk B 24 R 25 i) M B B B IEIR. (a)~(g) AEAENIRAYCTIENER; (h)~(m) FEH) EVIR AU TE AR AL 1Y
F1H5#8 F TB 4 i (scanning electron microscope, SEM)EIZ. (a) 3E; (b) 7KFE; (o) B (d) %7 (c) @R, () BESERY, (@) LMY, () SED (i)
ARRE ) B () 25 (1) Kz (m) AEAAEHREY; (n) FORG IR AICTIIEZ; (0) TR M ARER A SEMIER. (a) SR F TR AL AL,
FoRAMEE, (b)~d) REABT LIS, FARAESE. (), K), 1), (o) KA HARBEARRZ/MMGAD BAZIE =M (http://www.fhss.
kumamoto-u.ac.jp/archaeology/kokuzo/kinds/index.html). FLIR: 1 mm

Figure 1 (Color online) Images of various plant and insect impressions obtained by microCT and silicone compound casting methods. (a)—(g) CT
images of various plant impressions; (h)-(m) SEM images of silicone casts of various plant impressions. (a) Setaria italica; (b) Oryza sativa; (c)
Echinochloa sg).; (d) Scirpus juncoides; () Sorghum bicolor[zz]; (f) Pennisetum glaucum[zl]; (g) Zanthoxylum ailanthoides[zzl; (h) Setaria ilalica[33]; @)
Oryza sativa® ]; (j) Echinochloa sp.; (k) Panicum miliaceum; (1) Hordeum vulgare; (m) Zanthoxylum ailanthoides"™; (n) CT image of Sitophilus
zeamais impressionm]; (o) SEM image of silicone cast of Sitophilus zeamais impression. (a) is from the Shuanghuaishu site in Henan provided by the
author; (b)—(d) are from the Shangshan site in Zhejiang provided by the author. (j), (k), (1), (o) Images are from the laboratory website of Professor

Obata Hiroki from Kumamoto University in Japan (http://www.fhss.kumamoto-u.ac.jp/archacology/kokuzo/kinds/index.html). Scale bar: 1 mm
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Figure 2 (Color online) MicroCT scanning workflow for impression. Exemplified with pottery sherds from the Shangshan site
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Figure 3 (Color online) Advantages of microCT technology. (a) Proportions of inner and outer impressions in a ceramic sherd”"; (b) CT image of a
Shangshan pottery sherd; (c) schematic distribution of inner impressions in the Shangshan pottery sherd; (d) SEM image of silicone cast of external rice
impression[33]; (e) CT image of internal rice impression
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Table 1 The archaeological sites where impression studies based on microCT have been conducted worldwide
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The emergence of agriculture stands as a pivotal juncture in human history, garnering widespread interest within the field of
archaeology. The identification of both macro and micro plant remains has marked considerable progress in studies
pertaining to the origin and evolution of agriculture. Nevertheless, challenges persist, including suboptimal flotation
results, limited or inadequately preserved macro plant remains, and the imperative for further exploration in identifying
micro plant remains at the species level. Consequently, numerous questions in archaecobotanical research deserve further
clarification. Indeed, equal emphasis should be placed on the examination of plant impressions, frequently unearthed
within soil-related artifacts such as pottery shards, fired clay, and clay sculptures. These impressions faithfully replicate the
morphology of plant remains in their “fresh” state, providing valuable insights into various aspects, including subsistence
strategies, the diverse utilization of plant resources, the origin of agriculture, crop domestication, and the reconstruction of
natural environments. In China, numerous deposits of unearthed artifacts containing significant information on plant
impressions await exploration.

In recent years, there has been a notable shift in focus towards studies that leverage microCT (micro computed
tomography) technology, emerging as a central component in the investigation of plant impressions. Previous research
endeavors have applied scanning analyses to scrutinize plant impressions extracted from archaeological sites situated in
Southeast Asia, East Asia, and Africa. These initial forays into impression studies utilizing the microCT approach have
made significant contributions to the exploration of various issues in archaeobotany. As pioneering efforts, these studies
underscored a substantial potential within the broader archaeological context.

The current study provides a comprehensive survey of the historical trajectory of plant impression studies and recent
advancements in research utilizing microCT scanning technology. In particular, we outline potential breakthroughs
expected to address specific scientific inquiries in the future, summarizing key areas of exploration across three aspects.

Firstly, in regions characterized by challenging preservation conditions for macro plant remains and limited stratigraphic
information within geomorphic units, such as deserts, plateaus, and wastelands, microCT scanning of plant impressions
within the field of view becomes invaluable in supplying crucial information on plant residues. This aids in understanding
local subsistence strategies and fills gaps in cross-regional transmission paths of crops, promising substantial
breakthroughs in research areas like early East-West cultural exchanges and interactions. Moreover, advancements in
the methodology for identifying stem and leaf genera will significantly enhance our understanding of ancient human plant
utilization practices through systematic examinations of stem and leaf imprints. It is noteworthy that certain plant parts,
such as awns and rachises, which may be absent from flotation but well-preserved in impressions, offer a fresh perspective
for investigating crop domestication. Additionally, microCT technology holds significant potential for quantitative
research on prehistoric organic-tempered pottery. This opens up new avenues to explore ancient pottery technologies,
providing insights into the quantitative aspects of prehistoric practices related to plant residues and additives.

This paper concludes by clarifying the current challenges and upcoming opportunities in microCT applications for the
analysis of ancient plant remains. It emphasizes the substantial potential of artificial intelligence to make significant
contribution to this field.

archaeobotany, plant impressions, microCT, origin of agriculture
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