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Abstract: To explore the feasibility of using multispectral images taken by unmanned aerial vehicles (UAV) to mo-
nitor the damage of rice leaf folder ( Cnaphalocrocis medinalis Giienée) , a set of synchronous observation experiments on the
damage of C. medinalis and rice growth status in paddy fields were conducted by using UAV, during the period from June to

October in 2021. Correlations between 15 spectral vegetation indexes and leaf-roll rate (insect damage index) of C. medina-

lis were analyzed. Inversion models for the leaf-roll rates

U5 B #9:2022-10-31
ESE: F%K QAR5 4 LI H (41975144) ; 1T H 4 T 40T during the tillering stage, jointing stage and booting stage

%7 H ( BE2019387) of rice were established by using the ordinary least square

VEBR SRt (1997-) 2, Al A, Wi+, 2RS4 method, polynomial fitting, multiple stepwise linear re-
PS5 R E Wi 5 4 . (E-mail ) guomqii@ sina.com gression method and partial least square method respec-
BWAEE . 4= §F, (E-mail ) baoyx @ nuist. edu. cn ; baoyunxuan @ 163. tively. The optimal model was selected, and the relation-

com ships between leaf-roll rate and rice physiological and eco-
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logical parameters were analyzed. The results showed that, firstly, during the three growth stages, most of the vegetation in-

dexes showed extremely significant correlations with the leaf-roll rate, and during each growth stage the correlation between

leaf-roll rate and normalized difference vegetation index ( NDVI) was the highest. Secondly, during the tillering stage,

effect of the leaf-roll rate inversion model was the best, followed by models for the booting stage, but the model for the joint-

ing stage was slightly worse. Thirdly, during the tillering stage, the damage of C. medinalis to rice reflected in decreasing of

chlorophyll concentration and changing of leaf color. During the jointing stage, damage of C. medinalis might cause compen-

satory response in rice, resulting in increasing of chlorophyll content and leaf area. During the booting stage, the damage of

C. medinalis to rice growth mainly presented as the decreasing of chlorophyll content. The research results can provide im-

portant reference for using UAV remote sensing technology to identify the damage of C. medinalis accurately in regional

range.
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Fig.1 Geographical location of the experimental area
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Table 1 Classification of infestation degree of rice leaf folder

B (%)
HR F R
Sy BEH e -2
I R <20.0 <5.0
Il 45 20.0~35.0 5.0~20.0
m BE 35.1~50.0 20.1~35.0
v JETE 50.1~70.0 35.1~50.0
A% W™ >70.0 >50.0

F2 FEFHEBRBAKBENZREAEER
Table 2 Investigation on leaf-roll rate of rice in non-control experi-

mental fiedl
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Table 3 Vegetation indexes and their calculation formulas
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Table 4 Correlation between vegetation index and leaf-roll rate

K[ SrBE) B Z R
NDVI -0.949 ** -0.872* -0.956**
M1Vl 0.358* -0.228 0.480 **
GNDVI -0.835 -0.678 -0.851™
GRVI -0.870 -0.860 ** -0.761*
TCARI -0.277 -0.194 0.524
Ccl-G -0.820" -0.706 ** -0.851"
DVI -0.810 -0.558™ -0.541"
EVI2 -0.849 -0.583 -0.622*
RDVI -0.863 ™ -0.606 -0.648 **
EVI -0.838" -0.592* -0.616™
NDRE -0.629™ -0.578 -0.912*
OSAVI -0.737" -0.608 ** -0.922*
MCARI -0.764™ -0.617™ -0.925™
CI-RE -0.629 -0.589 -0.912*
MTCI -0.470™ -0.472" -0.875™

RPW RREBAR RS UL 3" FORMHBAR G A A5G

(P<0.05) ; * F/RHBETE 0S5 B0 Falk B A (P<0.01)
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FERAIFESE B T 2oz 57, [ AR B B 2 A A A
A G S2BRE AR 25 B R, PR RETJE Z R £ 3
RINEAFR T R*H 0.88, RMSE 4 1. 59% , MAPE
}13.95% ,RPD 3 2.70( £ 5) . 4 163 MEFEW
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Table 5 Estimation results of leaf-roll rate inversion models constructed based on vegetation index measured at tillering stage, jointing stage

and booting stage

wEW e B PR
R? RMSE( %) MAPE(%) RPD
ST BE OLS NDVI 0.90 0.93 2.42 22.08 3.15
PF GRVI 0.76 0.84 3.31 41.96 2.31
SMLR  GRVI .GNDVI 0.90 0.94 2.20 14.38 3.47
PLSR  NDVI.GNDVI .GRVI 0.90 0.94 2.27 15.81 3.36
R OLS  GRVI 0.79 0.77 1.17 34.25 1.69
PF NDVI 0.86 0.55 1.47 10.99 1.35
SMLR  NDVI .GNDVI NDRE .CI-RE 0.90 0.71 1.08 14.10 1.83
PLSR  NDVI .GNDVI OSAVI CI-G .CI-RE 0.89 0.77 1.02 12.92 1.93
ZEREN OLS OSAVI 0.79 0.67 2.52 33.07 1.70
PF NDVI 0.85 0.88 1.59 13.95 2.70
SMLR  NDVI.OSAVI 0.85 0.84 1.81 19.69 2.37
PLSR  NDVI .CI-RE .0SAVI 0.86 0.82 1.93 18.80 2.22

R*  JLE B8 RMSE . 34 )7 MR R 22 s MAPE  SF- 3430 & 4y LR 2% s RPD MR brit 22, BrP AR W 3,
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Fig.2 Validation results of leaf-roll rate inversion models obtained for tillering stage, jointing stage and booting stage of rice based on dif-

ferent modeling methods
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Fig.3 Results of applicability test of the leaf-roll rate estimation models for three growth stages
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Fig.4 Chlorophyll content (a)and leaf area indexes (b) at different growth stages of all sample points in non-control fields
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Fig.5 Inversion distributions and sampling observation distributions of the rice leaf-roll rate in the study area at different growth stages
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