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Experiments on the bending characteristics of mint leaves

Zhao Xiaoyuan, Wang Song, Gao Zhouming, Qiu Baijing
(School of Agricultural Engineering s Jiangsu University , Zhenjiang , 212013, China)

Abstract: Bending deformation of leaves is difficult to be described accurately in plant protection, so a research on the
patterns of leaf bending is conducted. Mint has short petioles, and the interference of the petiole is ignored in analyzing
bending characteristics of the leaves. Mint cultivated in the greenhouse is used as the research subject. Leaves are
simplified into a beam model with initial bending, and an optimized loading method for leaves about 30 — 40 mm in
length increases the effective data range by about 10%. The flexibility distribution along the leaf vein is obtained by
analyzing the deformation images of mint leaves under stress. The concept of contribution degree is proposed to quantify
the influence of each part of the leaf on bending changes, indicating that leaf bending deformation does not involve the
whole blade. Two bending modes of mint leaves are identified: the based-centered mode, where most deformation occurs at
the leaf base, and middle-centered mode, where deformation is shared between the base and the mid-section of the leaf.
The results show that 42, 9% of the tested leaves are in the base-centered mode, while 57.1% exhibit the middle-
centered mode, indicating that the bending behavior even within leaves of the same species is inconsistent. The varied
bending behaviors of leaves are proved by experiments, and a single simplified model may not adequately represent
all cases.

Keywords: mint leaves; leaf bending; biomechanics; bending modes; plant phenotyping
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Fig. 1 General morphology of mature peppermint leaves
1.2 hEAR
L2.1 a5 pkhad
R AE 1 05 i 0 DR ST AR Ky .l TR BR Y AR
Yok be, B R I R He b B S HE Ak 1 1]

14:00—16:00, E B E R 21 °C. L+ 6 Bk
fir b AR R f
1.2.2 K5t

%% Moulia "X £ oK R A5 3 #5211
R A4, WA 2 iR,

B2 HBEEaEREE
Fig. 2 Schematic diagram of the test bench
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Fig. 3 Distribution of bending normal stress at various

sections under concentrated load F and the hypothetical

stress distribution used in practical calculation
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Fig. 4 Measure the strain field of the simulated blade by DIC
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Fig. 5 Strain analysis results of simulated blade
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Fig. 6 Digitization of leaf
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Fig. 7 Residual fitting results
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Fig. 10 Relationship between curvature ¥ and

bending moment M at different positions of the leaf
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Fig. 12 Cantilever beam contribution degree and

blade bending contribution degree
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