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Hyperspectral Features of Rice Canopy and SPAD Values Estimation under the
Stress of Rice Leaf Folder
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International Research Laboratory of Climate and Environment Change(ILCEC), Nanjing University of Information Science &
Technology, Nanjing 210044)

Abstract:The second instar larvae of Crnaphalocrocis medinalis Guenee (Rice Leaf Folder, RLF) cultured in the
Laboratory of Agrometeorology and Insect Ecology of Nanjing Agricultural University were used as the experimental
objects in 2017-2018. In the rice field of the agricultural meteorological experimental station of Nanjing University of
Information Science & Technology, six levels treatments, including 50, 100, 200, 300, 400 RLFs- IOOplantsfland
Control Treatment (CK) were set, in order to test the relationship between spectral characteristics and SPAD values
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under such different initial pest population condition. During the experiments, the spectral reflectance of rice canopy
and the SPAD values of the flag leaves were measured by ASD Field Spec3 (Analytical Spectral Devices Inc) and
SPAD-502 (Soil and Plant Analyzer Development), respectively. The variation patterns of original spectrum, trilateral
parameters and SPAD values in different growth stages were analyzed. Consequently, the vegetation indices and
trilateral parameters based on the observed spectral data were calculated using the reflectance values in the bands with
strong correlations with SPAD. And the regression estimation models of the SPAD valuesof rice were established. The
results showed that: (1) the spectral reflectance values of rice canopy damaged by RLFs were significantly different
from those of the control (P<0.05). In the visible bands, the reflectance values of the former were lower than those of
the latter during tillering-booting stages, and was higher than the latter during the flowering-maturity stages.(2) In the
near-infrared band, the reflectance values of the injured treatments were lower than those of the control. And they
decreased with the increase of the pest’s population, among which the reflectance of 300 RLFs » 100plants '(Level 4)
was the lowest.(3) With the increase of the pest’s population, the red-edge position values appeared the ‘blue-shift’
trend. (4) The SPAD values decreased gradually with the increase of the pest’s population, and the Level 4 treatment
had the lowest values. (5) The Normalized Difference Vegetation Index (NDVI), Red-Edge Normalized Difference
Vegetation Index (NDVI;y5) and the position of red-edge had a close correlation with SPAD values.(6)The single factor
estimation model and multiple stepwise regression model of SPAD were constructed using the hyperspectral features of
rice. The exponential model with NDVI had the best estimation effect, with the highest coefficient of determination
(0.72) among all the estimation models. The results indicate that it is feasible to use the spectral parameters of rice
canopy to establish a model for estimating the SPAD values of rice leaves under the stress of rice leaf folder in the
whole growth stages. This method is fast and nondestructive, and is convenient for continuous, dynamic and long-term
located observation.

Key words:Cnaphalocrocis medinalis Guenee; Canopy spectrum; Vegetation indices; Estimation models of SPAD
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Table 1 Vegetation indices and trilateral parameters based on the spectra data

24 Parameter

524 30 Formula

SCHRSRIE Source of reference

H— bR TR 4 NDVI

S — L AE TR % GNDVI
SGERANUR B R AR %L SIPL

et A B 5 4 PRI
A R AR 2 OSAVI
21303 — A AR HL ND Vs
U LA — AR AR FE L mND V105
ZLIM SRR AREL Clicdedge

SN EERFEEL Clyreen

JH—4k 2434113 NDRE

5 [ Fif -4 25 FR H MTCL
ZLIAMREAE Dhreq

LLIUNLE. Area

LA Stea
WEIAMRAE Dptee

WIALLE Mote

WA A Sbiue
ﬁjﬂmﬁﬁ D)\fyellow

FIBALE Myentow

HEATHA Syettow

(R790-Re30)/(R790+Re30)
(R790-Rs50)/(R790+Rs50)
(Rgo0-Raas)/(Rsoo-Reso)
(Rs31-Rs70)/(Rs31+Rs70)
1.16%(Rg00-Re70)/(Rgoo+Re7070.16)
(R750-Ra0s)/(R750+Ra0s)
(R750-R705)/(R750TR705-2R445)
(R790/R720)-1

(R790/Rs50)-1
(R790-R720)/(R790+R720)
(R750-R710)/(R710-Res0)

spectrum within red-edge(Reso-R760)

the maximum value of 1% derivative spectrum within red-edge

spectrum within blue-edge(Ra490-Rs30)

the maximum value of 1 derivative spectrum within blue-edge

spectrum within yellow-edge(Rseo-Rea0)

maximum value of 1% derivative spectrum within yellow-edge

[16]
[17]
[18]
[19]

[20]
[21]
[22]
[23]
[23]
[24]
[25]
2130 X 33 A (Reso-Raeo) T HOE 1 15 K1H Maximum value of 1% derivative [26]
ZLIA XA A S HOGHE i KAE FT/E BT The wavelength corresponding to [26]
LA XN S HOEIEAIF 4 Integral of 17 derivative spectrum within red-edge [26]
W32 X 45 (Rago-Rs30) T B 135 K H Maximum value of 1% derivative [27]
W X 38 P FEOE S I I KIEFTERI K The wavelength corresponding to [27]
T X 3k S BB IS IR 43 Integral of 1% derivative spectrum within blue-edge [27]
I X 3 N (Rss0-Reao) T OG5 K Maximum value of 1% derivative [27]
I X A P S HOG TS R KB FTTE 9% K The wavelength corresponding to the [27]
W N X T HOL WS IR 4 Integral of 1 derivative spectrum within [27]

yellow-edge

F: HEAXS R ERRIFE, TANBFRREK.
Note:NDVI is Normalized Difference Vegetation Index. GNDVI is Green Normalized Difference Vegetation Index. SIPI is Structure
Insensitive Pigment Index. PRI is Photochemical Reflectance Index. OSAVI is Optimized Soil Adjusted Vegetation Index.NDVI;s is
Red-Edge Normalized Difference Vegetation Index. M NDVI;s is Modified Red-Edge Normalized Difference Vegetation Index. Cliegeqge is
Red-Edge Chlorophyll Index. Clye., is green Chlorophyll Index. NDRE is Normalized Difference Red-Edge. MTCL is MERIS Terrestrial
Chlorophyll Index. DA,4 is Red-Edge amplitude. A4 is red-edge position. S,y is red-edge area. DAy, is blue-edge amplitude. Ay is
blue-edge position. Syy, is blue-edge area. DAy is yellow-edge amplitude. Ayyioy is yellow-edge position. Sy is yellow-edge area. In
the calculation formula, R represents the reflectance value, and the subscript with number represents the wavelength.
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Fig.1 Original spectrum curves of rice canopy in the main growth periods under different insect load treatments
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Note:In the experiment, five levels of insect population were set. Level 1, 2, 3, 4 and 5 corresponded to 50, 100, 200, 300 and 400
RLFs-100plants ', respectively, and CK represented the control treatment without pests. The same as below.
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Table 2 Trilateral parameters of rice canopy spectra curves under different treatments

A EE 7K Treatment level

24 EH M
Parameter Growth period A 1 2% 3% 48 S&
CK Level 1 Level 2 Level 3 Level 4 Level 5
LA E 4 EEY Tillering 733.11£1.54a 732.05+1.89b 732.08+1.24b 731.93£1.35b 730.82+2.05¢ 731.73+1.64b
hed (nm)  $KFTHA Jointing 734.62+1.15a 733.88+1.45a 733.60+1.70ab 734.15+1.65a 732.65+1.47bc 731.79+5.24¢
ZafEHH Booting 735.48+1.91b 736.61+1.83a 735.28+1.71b 734.84+1.49b 735.33+1.90b 735.60+2.30b
¥1£ ] Flowering 734.13+0.45a 734.06+2.51a 732.44+1.78b 730.69+1.89¢ 729.92+2 86¢ 732.24+1.64b
#EH Y Grain filling 733.91x1.16a 733.55+1.25a 731.72+1.15b 732.00£1.94b 730.68+2.67¢ 731.28+1.84bc
R Maturity 733.04+0.87a 732.71+1.61a 729.04+1.49b 729.84+1.70b 722.28+9.83¢ 729.31+2.04b
ZLIATHAR 3 BEH Tillering 0.23+0.07¢ 0.260.04ab 0.28+0.03a 0.26£0.06ab 0.260.06ab 0.25+0.05bc
Sred 511 Jointing 0.27+0.02a 0.26+0.07bc 0.25+0.05bc 0.25+0.04bc 0.25+0.04¢c 0.26+0.04bc
ZafEHH Booting 0.62+0.082a 0.36+0.04¢c 0.32+0.04d 0.32+0.04d 0.39+0.04b 0.61+0.04a
¥1£ ] Flowering 0.86+0.07a 0.75+0.06b 0.63£0.11¢ 0.74£0.07bc 0.67+0.12de 0.69+0.15¢d
H#EH Y Grain filling 0.39+0.06b 0.60+0.05a 0.61+0.05a 0.29+0.06¢ 0.30+0.10c 0.33+0.14¢
RS Maturity 0.23+0.04ab 0.18+0.20¢c 0.17+0.03cd 0.24+0.04b 0.15+0.05d 0.16+0.02de
WinfiE 5B Tillering 519.08+1.04d 519.93+0.71ab 520.170.51a 520.02+0.81ab  519.55+0.65¢ 519.67£1.02bc
hoee (nm) KA Jointing 519.62+0.60a 519.73+0.68a 519.80+0.58a 519.71£0.78a 519.42+0.84a 518.93£1.55b
ZafEHH Booting 520.82+1.55b 520.81+1.70b 521.77+1.18a 521.71+1.12a 521.46+1.09a 520.33+1.75b
¥1£ ] Flowering 519.75+0.43a 518.84+0.57b 518.79+0.41b 518.73+0.44b 518.88+0.32b 518.72+0.45b
#EH Y Grain filling 520.20+1.03b 520.69+1.28a 519.55+1.23¢ 519.91+0.70bc  519.64+0.85¢ 519.66+1.04c
R Maturity 520.04+0.73a 520.11+0.98a 519.55+0.89bc 519.93+1.05ab  519.13+1.32¢ 519.75+1.09ab
WA 7B Tillering 0.02:£0.00abc 0.02£0.00cd 0.02+0.00bcd 0.010.00d 0.02+0.00a 0.02+0.00ab
Shiue K51 Jointing 0.01::0.00b 0.01+0.00b 0.01+0.00b 0.01+0.00b 0.01+0.00b 0.02+0.00a
ZafEHH Booting 0.03+0.00a 0.02+0.00¢c 0.010.00d 0.02+0.00cd 0.02+0.00b 0.03+0.00a
¥1£ ] Flowering 0.07+0.00c 0.07+0.00¢ 0.06+0.01¢ 0.10+0.02a 0.08+0.01b 0.08+0.02b
H#EH Y Grain filling 0.03+0.00c 0.04+0.01b 0.05+£0.01a 0.02+0.00¢c 0.02+0.00c 0.03+0.01¢
I Maturity 0.01+0.00b 0.01+0.00d 0.01+0.00b 0.02+0.00a 0.0120.00¢ 0.0120.00cd
HIANIE  4rBEW Tillering 569.80+0.84bc  569.81+0.70bc 569.48+0.50¢ 570.02+0.72ab 570.04+0.95ab 570.21+0.88a
Ayellow 5 #A Jointing 568.55+0.69¢ 569.51+0.72ab  569.40+0.53b 569.42+0.83ab  569.75+1.03a 568.72+0.63¢
(nm) ZA 783 Booting 570.77+0.87a 569.86+1.67b 569.00+1.27¢ 568.97+1.30c 568.51+1.12¢ 570.77+1.04a
¥1£ ] Flowering 567.97+0.14b 568.25+1.10b 569.17+0.75a 567.04+0.36¢ 567.15+1.19¢ 566.90+0.52¢
HEH Y Grain filling 569.57+1.43b 570.72+0.52a 570.92+0.41a 571.45+0.81a 571.20+0.75a 570.91+4.79a
R Maturity 569.68+0.90¢ 570.82+1.23a 571.02+1.01a 570.28+1.18b 571.06+1.28a 571.11+1.11a
BN 5rBEW] Tillering 0.01+0.00a 0.01£0.00ab 0.01£0.00ab 0.010.00b 0.01£0.00a 0.01:£0.00ab
Syeltow 5 A Jointing 0.01:0.00b 0.01+0.00b 0.01+0.00b 0.01+0.00b 0.01+0.00b 0.01+0.00a
ZafE#H Booting 0.03+0.00a 0.02+0.00¢c 0.01+0.00d 0.012£0.00cd 0.02+0.00b 0.03+0.00a
¥1£ ] Flowering 0.07£0.00cd 0.08+0.02¢ 0.07+£0.01d 0.11+0.02a 0.10£0.01b 0.09+0.02b
#EH Y Grain filling 0.02+0.00cd 0.05+£0.01b 0.05+0.00a 0.02+0.00e 0.02+0.00de 0.02+0.01c¢
RS Maturity 0.01+0.00a 0.0120.00¢ 0.01+0.00b 0.01+0.00a 0.0120.00cd 0.01+0.00d

H: NFFEERIR 0.05 KN ZE R B E M.

Note: Lowercase letters indicate the significant difference at 0.05 level.
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Fig.2 Comparison of SPAD values of rice leaves at each growth stage among different treatments

i AR NG FRERIR 0.05 KT ZE R BE .

Note: The short line indicates standard error of mean (SEM). Different lowercase letters indicate the significant difference at 0.05 level.
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MR BN =10 S50, 3550 35 SPAD {HFT A 1
S (£ 3). Hrp SIPI A7 B 5 SPAD 1 & &
ZhMR, EASHHERZF L. KB

55 SPAD {E AR EATIR 5 (AR S, TK 3 1 A 2 7K1

(P<0.01), J:PA NDVI. NDVlIys. ZL1417 & 5 SPAD
B A G GF, A OC R B A HE AR T 0.80
PL_E. GNDVI. OSAVI. mNDVI;s. NDRE 5 SPAD
FIFE G R E R F] 0.70 LA BRIk, AR X LA

TR RS = U S TR, SREYL
B HIE Ry FE R KRS SPAD (H 4T 5.
2.2.3  JKFEMF SPAD {5 A

AL E MM EPR S AR, B

j:ﬁ NDVI. OSAVI. NDVI705\ mNDVI705‘ NDRE.

ZLINALE, RN EE IR SPAD (HAF MR &,
SLARTEAAE Y] SPAD A I LR A SR (GR 4).
SR TR EORE SR, 2R
R3 EHEH. ZBSE5 SPAD EREX X FE®0=60)

Table 3 Correlation between vegetation indices, trilateral parameters and SPADvalues(n=60)

LRI (R

Vegetation index

Correlation coefficient

LR

A — AL R E NDVI

2B A — AL RS GNDVI
L5 A BUR B TE %L SIPT
JeAb B4R % PRI
eIt - VR T R4 FE 4 OSAVI
LLIL A — R FE 2 ND V15
BURLLIA A —HAE TR mNDVIzes
ZLIN G FAREL Clredodge
LR 2SR Clgreen
JH—4k 24y 4115 NDRE

5 [ i - S 3 F e 8 MTCL

0.82"
0.73"
048"
0.62"
0.76"
0.80"
0.79"
0.69”
0.61"
0.76"
0.69”

ESuk 2t MR AL
Trilateral parameter Correlation coefficient
LTINS Dhrea 0.51"
AR UL DAY 0.80"
LA Srea 0.50"
W NEAE Dhiue 0.32°
WAL E Motwe 0.52"
WEATHAR Spiue 031"
TR Dhyeltow 0.36™
NI E Myetiow -0.59"
HEIATHA Syetiow 0.40™

T TR IR O R UL 0.05 A1 0.01 K PERYEG .

Note: “is P<0.05, and ~" is P<0.01.

x4 ETKBEEERAESHE SPAD EEFEE

Table 4 Estimation models of SPADvalues based on rice canopy spectral parameters

i A5 Estimation model R?
TR Exponential model Y=12.60¢"4"NPV! 0.72
Y=20.29¢" 05! 0.61
Y=18.89¢'*2NPVi70s 0.67
Y=11.73¢""mNPVi0s 0.66
Y=20.04¢"¢"NORE 0.60
Y=3.78x10 ¢ red 0.69
2R AU Linear model Y=47.00NDVI+3.91 0.68
Y=18.940SAVI+33.17 0.59
Y=16.73NDVIys+42.31 0.64
Y=55.82mNDVlys+1.42 0.63
Y=54.14NDRE+18.47 0.58
Y=0.61)q -403.36 0.65
HFHUHA! Logarithmic model Y=30.23In(NDVI)+48.63 0.70
Y=16.06In(OSAVI)+48.33 0.63
Y=17.45In(NDVIs5)+51.44 0.68
Y=32.92In(mNDVlys)+52.77 0.64
Y=16.96In(NDRE)+56.64 0.63
Y=438.07In(Areq)-2846.53 0.65
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{45457 Estimation model R’

TIRZTAMEA! Quadratic polynomial model Y=-77.37NDVI*+149.54NDVI-27.69 0.71
Y=-59.190SAVI*+96 400SAVI+4.75 0.66
Y=-88.77NDVl7s*+122.4INDVI;5+1.60 0.70
Y=-90.82mNDVIs*+165.69mNDVI;5-29.97 0.64
Y=-181.17NDRE>+176 .88NDRE-0.70 0.66

ZIRZ TR Cubic polynomial model Y=-39.85NDVI*+101.4INDVI-18.18 0.71
Y=-53.540SAVP+30.050SAVI *+51 300SAVI+11.23 0.66
Y=-282.87NDVI;05>+302.09NDVI;s°-42 40NDVl;45+21.64 0.71
Y=-52.67TmNDVI;5"+115.25mNDV175-20.98 0.65
Y=-697.98NDRE*+540 48NDRE *-51.11NDRE-21.64 0.68
Y=-3.49%10 yeq°+6.00Act-2986.58 0.65

Z J6i% B[R Multiple stepwise regression model Y=91.26NDVI-56.53NDRE-7.66 0.71
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