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Abstract: This study investigates the dynamic changes in morphological, physiological, and seed coat cel-
lular structure indicators across different developmental stages of Medicago falcata seeds. By comparing
these stages and applying principal component analysis, key factors influencing seed maturation were
identified. Results show that in the early stages of seed development, seeds have high water content but
low vigor. During the late yellow ripening stage, seed vigor and thousand-seed weight reach their peak,
with a hardness rate of 36.53%. At full maturity, seed hardness increases to 97.78%, while volume, vigor,
and thousand-seed weight decrease compared to the late yellow ripening stage. The contents of soluble
sugar, soluble protein and starch were the highest in the late yellow ripe stage. As seeds mature, the cellu-
lar layers of the seed coat become more defined, and the palisade layer thickens. Principal component
analysis indicates that water content and palisade layer thickness are significant factors in seed develop-
ment and germination.
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Fig. 1 Changes in seed morphology of M. falcata at different developmental stages
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Fig. 2 Dynamic changes in seed size of M. falcata at different developmental stages
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Fig. 3 Changes in seed weight and moisture content of M. falcata at different developmental stages
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at different developmental stages
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Fig. 5 Changes in seed vigor of M. falcata at different developmental stages
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Fig. 6 Changes in seeds germination ability of
M. falcata at different developmental stages
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Fig. 8 Microscopic structure of the seed coat at different developmental stages of M. falcata
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Table 1 Thickness of cell layer at different developmental stages of M. falcata
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Fig. 9 Principal component analysis of M. falcata
seed growth and development indexes
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