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Abstract: In order to accurately monitor and objectively evaluate the damage of the rice leaf roller, Cnaphalocrocis

medinalis Guenee ( C. medinalis) , to rice growth, breeding and yield formation, in this paper, the canopy hyperspectral
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data and soil and plant analyzer development (SPAD) values of rice in the controlled field experiments (in 2015 and 2019)
and the natural field experiments (in 2020) were measured by the instruments of ASD Field Spec3 and SPAD-502 at
different growth stages ( jointing stage, booting stage, filling stage and maturing stage ). The pest number and the percentage
of rolled leaves in rice resulted from C. medinalis was measured by the manual investigations. The hyperspectral
characteristics of rice canopy, physiological and ecological parameters of rice and the characteristics of C. medinalis’
occurrence parameters in the two experiments were analyzed. Models for estimating physiological and ecological parameters
of rice after being damaged by C. medinalis based on the hyperspectral parameters were established. The results showed
that: (1) in the two experiments, the reflectance of the red edge to near-infrared band of rice SPAD value and canopy
decreased with the aggravation of the degree of C. medinalis infestation, while the reflectivity of the visible light band was
the opposite. (2) The SPAD value of the natural field test and the canopy reflectance in the red light to near-infrared
wavelength range were significantly lower than those of the control field test in the early stage of rice growth and
development, and slightly higher than that of the control field test in the later stage. (3) After comprehensively analyzing
the experimental data, the multiple pest characteristic parameters and vegetation indices in the natural field experiments and
the controlled field experiments were selected. A set of single factor estimation models and multi-factor estimation models of
SPAD were constructed, respectively. Each model achieved the good estimation effect, among which the binomial function
simulation effect of Enhanced Vegetation Index ( EVI) was the best in the single factor model. However, the simulation
effect of the multi-factor linear regression estimation model was better than that of all single-factor models. (4) Through
application test of these models in 2021, it was found that the estimated SPAD values of the single factor estimation models
based on the pest number, percentage of rolled leaf, Optimized Soil-Adjusted Vegetation Index ( OSAVI), EVI and
Difference Vegetation Index (DVI) in these models were highly consistent with the measured value, and their R,* were more
than 0.8. It indicated that these five models achieved relatively ideal estimation effect. This study provided a high-precision

and feasible estimation method for the SPAD value estimation of rice under the infestation of C. medinalis.

Key Words: Cnaphalocrocis medinalis Guenee; canopy hyperspectral characteristics; physiological and ecological

parameters ; vegetation index; estimation model
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Fig.2 SPAD values at different growth stages of rice under different population size of rice leaf roller (unit: 100 plants) in 2015, 2019
and 2020
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Fig.5 Spectral reflectance of rice canopy at different growth stages of rice under different levels of percentage of rolled leaf in 2015, 2019
and 2020
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Fig.6 Correlations between the spectral reflectance of rice canopy and population size of C. medinalis, the spectral reflectance of rice

canopy and percentage of rolled leaf, in 2015, 2019 and 2020
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&2 2015.2019 02020 FRHYSMHIERSFKFEEMHES SPAD HHEXXER
Table 2 Correlation between the population size of C. medinalis, percentage of rolled leaf and SPAD value in 2015, 2019 and 2020

B RARHESH 40} Year

Characteristic parameters of pest occurrence 2015 2019 2020
H A Pest number -0.489 " -0.480 " -0.663 **
1 Percentage of rolled leaf ~0.602** ~0.700 ** ~0.573 **

= = M RIFRR P<0.05 Fl P<0.01 E%‘@KQZ;SPAD; -4 2% A s A A Soil and plant analyzer development
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M AR BRSO, £ B8 8 5 KRS SPAD (LRI 2 IE A E R B SPAD {E I TR, £5 M Bk
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AR KT, 2019 -1 SPAD {50 8 48 B AR DG 34 5 F 3 AN AN A0, JL-F- i A+l w48 20 AH
KPR R i 7K, S AR R A AR B FR SO T 82 273, 5 OSAVI RVI EVI A DVI fYAHC &
BT T 0.7, 40T 2019 4F 2015 4EF1 2020 4EHY SPAD {5 45 MW HE B0 A9 A0 S M A R85 , 24 172 By Al
PEAEBOA T T WK Hidh 5 OSAVI EVI 1 DVI AAH G A M C 2500 0.6 DL L

ZE LT AR S KRS SPAD (B R IEAHSESE 2, SPAD {EHRARR , M B 48 B sk , KRB A A= 1 & 7 RN
FEER A2 EAG LA™ . OSAVI EVI #1 DVI 57K A% SPAD BYAH G M fe o, — P w15 $38 38 21 7 i b
FEAAAKT, HHARSC R B4 X EIAE 0.6 LA b, REASSCIEH OSAVI L EVI A1 DVI = FiAH 4 48 HOk 17
Je S Y AR

Fz 3 2015.2019 12020 FRAEMHIEHE SERIEHMNEXREY

Table 3 Correlation between the population size of C. medinalis and vegetation indices of rice in 2015, 2019 and 2020

HgE R ) Year MR A0} Year

Vegetation index 2015 2019 2020 Vegetation index 2015 2019 2020
NDVI 0.049 0412~ -0.233 RVI 0.522"" 0.708 ** 0.625"*
GNDVI 0.662 " 0.603 ** 0.574 " EVI 0.729** 0.761*" 0.619"*
PRI 0.322 0.586 " 0.288 TVI 0.052 0.416" -0.235
OSAVI 0.712*" 0.763 " 0.649 ** DVI 0.792** 0.770** 0.627**
NDVI;s 0.575** 0.603 ** 0.515** || RDVI 0.372 0.641** 0.320
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i, DAE ATE P Z T 5T sp AR B UET 0 FEAHRST 3 AR AR 03 1 /K R e 2 ) — 2 7 B B T L
e BES S AR AN R] 1 R BE /KT 22 0] AR S 2 I R A9 22 5, 3k T B2 DR DR K R e J2 6 i e SR AR
P [ 306 25 (B8 A JC I B KR | Iy S 22 5 Rl R s f e 55 A =285 0 B R R
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Table 4 Single factor estimation model of SPAD and its accuracy test, based on insect characteristic parameters and vegetation indices

HAS & x Ehye ] Al 2 RMSE
Independent variable x =~ Type of function Estimation model

Hidt E24ds y=-0.036x+37.665 0.270 6.692

Pest number ZIRETE y=39.932-0.108x+0.0002x> 0.389 6.169

ER/ €2 E y=41.008-0.182x+0.0008x>~1.117e~6x° 0.424 6.035

HAL y=37.107¢ 7001 0.281 0.270

it &k y=—42.528x+40.309 0.425 5.940

Percentage of rolled leaf IR ZI y=41.146-56.972x+35.068x> 0.434 5.937

ZMET y=41.819-85.253x+208.728x> ~242.858x° 0.442 5.942

R y=14.728e"382* 0.535 0.165

0OSAVI etk y=70.433x+11.078 0.521 5.419

ZIRZIRK y=10.454+74.446x~6.058x> 0.563 5.179

X/ €2 E. y=11.712+67.342x+9.051x°> 0.563 5.218

TREL y=16.324>19* 0.563 5.218

Xt y=47.695+24.360log( x) 0.556 0.162

EVI 2t y=112.484x+20.575 0.532 5.384

=t/ € 2TE:N y=21.393+95.747x+76.698x> 0.535 6.294

=R y=11.712+67.342x+9.051x> 0.572 6.959

EiER y=21.431e>67* 0.535 0.165

POE e y=59.626+22.166log(x) 0.521 5.419

DVI etk y=2521.506x—-206.707 0.563 5.168

“REWmA y=409.789-1340.322x+5937.856x> 0.563 5.209

“IRZ IR y=—658.496+14489.545x—256596.962x> 0.563 5.209

54T y=157.148¢*112 0.556 0.151

XTER y=1608.435+465.539log ( x) 0.560 5.182

x5 ETHEHISEMERKIEEE SPAD St Em A EER R HEERE

Table 5 Multiple linear regression estimation model of SPAD and its accuracy test, based on insect characteristic parameters and vegetation

indices
7] AR | =}
3} Lkt y I”Uﬂjﬁz . e RMSE
Dependent variable y Regression equation
SPAD y=19.609+52.842DVI-19.511PRL 0.667 4.58681

PRL: %% Percentage of rolled leaf

KA AAR (Y £0 300 230 215 M B i ) e J= S A 3 s e b K R AS B ) AR R IR B, 7K A 19 4 3
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S v T4 A DR AR, 32 R 2020 AFZR R AR KR S B R, M4 I, S BOK AR B OB, f 2
BRI R R 1 AR AR R ERBE A B2, ) T KRS TIOR8 S 1 Jm 39, AT e i °9
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Fig.7 Fitted scatter plot of actual and estimated values of SPAD in 2021 based on the single factor estimated models from the multiple pest

characteristic parameters and vegetation indices
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