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Mechanical damage and prediction models of three leafy vegetables caused by
wind
HAN Wei” ,YUE Yunrui

College of Applied Meteorology, Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and Technology, Nanjing
210044, China

Abstract; Mechanical damage caused by wind may lead to economic loss in the production of leafy vegetables, especially
during harvest time. Shanghaiqing, four-season Chinese cabbage, and glass lettuce are planted widely in the southeastern
coast of China. However, the magnitude of the mechanical damage caused by wind is uncertain. In addition, the relationship
between wind stress and mechanical damage to leaves has rarely been studied. To resolve these problems, three leafy
vegetables were used to evaluate the mechanical effects of wind on plants through a simulated wind tunnel. During this
experiment , these three species were subjected to ten treatments—a control treatment, three levels of wind speeds (5 m/s,
15 m/s,25 m/s) and three different durations of wind exposure (5 min, 10 min, 15 min). To quantify the mechanical
damage caused by wind, three detection methods—the conductivity, wound staining visual, and L value measurement
methods—were used. Then, a comprehensive assessment method was proposed by evaluating the three detection methods
and using them to assess the degree of mechanical damage. Moreover, a Gauss2D equation was used to establish a prediction
model for mechanical damages caused by wind for the three species. The results showed that the relative conductivity, visual

level, and L value were significantly affected by wind speed and stress time. The interaction of wind speed and stress time

BEWE VL L AARHETT S _LITH (14KIB170013) 5 B A AR AL G 1 _LBEBIUTH (41475107) (V1958 BHE ST (BE2015693)
We#s B H#:2016-01-12; W 4% tH kR B A : 2016-00- 00
# W IRAE# Corresponding author. E-mail ; binzhouhanwei@ 163.com

http ://www.ecologica.cn



2 S % 378

had significant effects on relative conductivity of Shanghaiqing and four-season Chinese cabbage, while having no significant
effect on the relative conductivity of glass lettuce. The interaction of wind speed and stress time had significant effects on
visual grade while having no significant effect on L values. Mechanical damage to the three leafy vegetables occurred mainly
after being exposed to the 25 m/s and 15 m/s wind conditions, while the 5 m/s wind speed had little effect. For
Shanghaiqing, four-season Chinese cabbage, and glass lettuce, the mechanical damage was most serious after exposure to
the 25 m/s wind condition for 15 min. The relative conductivities were 214.70% , 228.96% , 266.92% higher than the
control ; the visual levels were 2.3, 2.4, and 3.6 higher than the control; L values were 21.17%, 38.91%, and 42.73%
lower than the control, respectively. Among the three leafy vegetables, the glass lettuce was the most susceptible to wind
damage according to a comprehensive evaluation of mechanical damage. This susceptibility may be due to the higher leaf
water content and lower leaf cellulose content in glass lettuce. Mechanical damage under different wind speeds and wind
stress times was fitted by a Gauss2D function. The higher R*(0.9552—0.9840) showed that these models fit the data well.
The mechanical damage caused by wind can be predicted using these prediction models, which provide a reference for leafy

vegetable crops, and provide early warning of mechanical damage from wind stress.

Key Words: wind stress; mechanical damage; leafy vegetables; model fitting; comprehensive assessment
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Fig.1 The picture of the simple wind tunnel
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Table 1 Two-way ANOVA for the effects of wind speed and stress time on mechanical damage of three leafy vegetables (F value)
(UESINEES

R iiaes Four-season PR E SR
Wind speed / (m/s) Shanghaiqing Chinese cabbage Glass lettuce
AR H 5 Ki# Wind speed 671.147 " 374.318 " 1060.651 **
The relative conductivity ] Time 90.893 ** 239.84** 69.966 **
NG I ] Wind speedxtime 34.652%* 58.111%* 2.818
P a5 H A4 A Wind speed 212.032*" 227.388 ** 338.357 **
The visual grade after staining i [] Time 26.226 ** 24.888 ** 48.857**
K 3# x i} ] Wind speedXtime 7.935** 7.531** 13.714**
L {E L values R Wind speed 37.235* 417.868** 0.335"*
B[] Time 15.638** 40.643 ** 0.061**
KT ] Wind speed Xtime 1.973 1.423 0.005

#* P <0.05, %% P<0.01
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Fig.4 The L values of the three leafy vegetables
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Table 2 Correlation of the water content, cellulose content, and indexes of mechanical damage

Nl AFX H A5 SRR/ L1 ZE TN

Ttem Relative conductivity Visual grade L values Comprehensive evaluation value
T KF Water content 0.38" 0.27 -0.27 0.40"

LT A1t Cellulose content -0.39* -0.26 0.28 -0.41"

* P <0.05, =% P<0.01

£33 BHXNMMRGESIENER

Table 3 The comprehensive evaluation result of the mechanical damage of the three leafy vegetables

K i i) ZEA TP Comprehensive evaluation value
Wind speed / (m/s) Time/min igE PUZE/ N3 By F A3
Shanghaiqing Four-season Chinese cabbage Glass lettuce
0 -3.64 -3.27 -2.75
5 5 -3.61 -3.28 -2.78
10 -3.60 -2.90 -1.86
15 -3.28 -2.33 -0.49
15 5 -3.40 -2.54 0.02
10 -2.72 -1.52 0.72
15 -1.22 1.37 2.80
25 5 -0.45 0.77 5.36
10 1.75 4.34 7.83
15 3.91 6.51 10.22

2.3 MUPREA LB {7 e 8 F

XET 3 Bl o B LUK X, XA s [E] X, 28t AU R RE Y O DA i, XL £ e Bt X
K KU B IR 1] ) A2 A AT B origin BOARZEME T EL5, A2 B Gauss2D U BERLAF OB, LI |
PUZE/INASKE B AE SR A B TR R

1 (v, —165.29\% 1 (x, - 45.94)" )
Y =-3.97 +43501.04 x exp{ - — | ——— | ——|———— | } (R*=0.9781) (4)
2 34.44 2 26.93
1 (x, - 12551\ 1 (x, -33.88)%
Y=-4.05+762.36 Xexp{— — | ——— | -——|———_—| | (R=0.9552) (5)
2 34.85 2 L 2115
1 (x, —238.85)% 1 (v, —222.88)%
Y =-4.20 +355378.56 X exp{ - — | —— | —— || | (R*=0.9840) (6)
2 53.41 2 96.95

R* FHR B B 0 2R B8 b, A 13X 3 AR RPERES 7, 43910 0.9781,0.9552 Fi1 0.9840, 15t
P AR AL BE ARG b A XU R XU 38 B )T 3 by =2 B HUARAR A5 o A A e XU 3 AL P A58 1 A A8k
FTLAR 3 Ffir SERUAB 105 10 255 6 43 (-5 TR0/ B R P A R i 006 1 R . TR SR IE B DA Sk S 3 0 7T
Wiy, PR AT T AR UM s HE R B TN AE Y TS R 3D gl o PR O XL S B
) S5 s B AR 7Y | ] S s A ) XU A5 0T R0 (B 5 0 AR il e A AP
3 g

I BB S e B A0 R 1 B B S R 2 — Y DAy IXUSSOR LD 47 2 T 000 D36 R ) A 80 %o 45 s ) i
PRk, MSEZ R RENMIRI)G , 724 T AN 5 DL R A A Ty T B9 28 Ak, P b A 22 R LB O3 A0 7 16,
W SR BE PN E B2k X SR IRA RS FYIZ BN S, 4 B 4 R 1 B IR, 40 AR A R
ARSI, 25 S EOHDX L SR BRI o, DR X R 23 R DA S AU 475 5 A0 KO- 53 B M DU A, T
1] B 45270 R P 7 S 4004 A BT R 5% 18 S M ) T 7 S A ML 195 , 233 26 1 R P S A R ARG R S R AR
TR EAC B U R . DUPEAN T — IR T A RN (%) B A DA 325, an Ry St 28
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Fig.5 Fitting surface of the growth of the three leafy vegetables predicted by wind speed and wind stress time
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