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Construction of a diagnostic model for Cnaphalocrocis
medinalis damage level based on leaf reflectance spectra
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Abstract To integrate leaf reflectance spectra with Bayesian models for identifying damage levels of
Cnaphalocrocis medinalis, rice plants infested with Cnaphalocrocis medinalis were studied. Rice leaves were
collected during the pest outbreak period, and the leaf reflectance spectra and physicochemical parameters
were determined to further categorize pest damage levels. Raw parameters and order derivatives were employed
to select sensitive features, while competitive adaptive reweighted sampling (CARS) was used to identify
characteristic spectral bands for constructing spectral indices. Correlations between the above indices and

damage levels were analyzed, and the Bayesian model was used to establish a diagnostic framework for C.
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medinalis damage assessment. The results indicate that: 1) The spectral reflectance of rice leaves in the green
and near-infrared bands decrease with increasing C. medinalis damage levels, while reflectance in the red band
increased; leaf water content and chlorophyll content also decreased significantly with pest severity.
2) Six vegetation indices (soil-adjusted vegetation index, enhanced vegetation index, blue-band-free enhanced
vegetation index, transformed chlorophyll index, spectral absorption index and transformed chlorophyll
absorption index) and three sensitive band reflectance values (Rsg nm» Rs76 nm @NdRego o) Were selected; six feature
parameters were selected based on trilateral parameters (blue-edge amplitude, blue-edge slope, yellow-edge
slope, yellow-edge amplitude, red-edge slope, red-edge amplitude) ; six spectral indices were selected based
on CARS (EVI, RI_0, NDI_0, RI_0.25, RI_0.75, NDI_0. 75) were identified, with RI_0 exhibiting the highest
correlation (0. 92) with C. medinalis damage severity. 3) A Bayesian diagnostic model for C. medinalis damage
levels was constructed. The optimal input variable combination was determined via inverse feature elimination,
included EVI, RI_O, NDI_0, RI_0.25, RI_0. 75, NDI_0. 75. Three-fold cross-validation accuracy reached 95. 83%
+4.17%.

characteristics for C. medinalis, providing scientific references for early warning of damage trends and decision-

In summary, this diagnostic model enables timely and accurate acquisition of field damage
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making in pest control.
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Fig. 1 Geographic location of the study area (a) and layout of rice leaf sampling points (b)
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Table 1 Formulas for vegetation Indices
HH 4% 45 £ 4y NN SCHR
Vegetation indice Abbreviation Expression Reference
ot e
EEEREL DVI (NIR — R) [22]
Difference vegetation index
By — fb A 9 T8 5
Normalized difference vegetation NDVI (NIR — R)/(NIR + R) [23]
index
N
LB RVI R/NIR [24]
Ratio vegetation index
T2 — Ak 22 18 A Bk 48 4L
Renormalized difference RDVI (NIR — R)/(NIR + R) [25]
vegetation index
90 V] A 4
AR SAVI (NIR — R)/(NIR + R+ L)X(1+ L) [26]
Soil-adjusted vegetation index
N 14
Atmospheric resistance ARVI (NIR—=1.7XR+0.7XB)/(NIR+1.7XR—0.7XB) [27]
vegetation index
25 1 AN U AR %L
Structure-independent pigment SIPI (NIR — B)/(NIR + B) [28]
index
A B G 46 4R :
Physlolog]cal reﬂectance i]’]dex RI I (R:W()nm RSSI nm )/( R570nm + RSBI nm ) [ 29}
GRS NN R i
Visible atmospherically resistant VARI (Ripown — 1.7X R+0.7XB)/ [30]
index (Rroomm + 2.3 X R—1.3 X B)
I e 1 4 3R T A A A
e TVI JYNDVI+ 0.5 [23]
Transformed vegetation index
T B Bl A 3K
PVI — aR — ? 1
Perpendicular vegetation index v (NIR —aR = 6)/va"+ 1 [31]
16 1E (19 = ) 9l 45 %L
Modified triangular vegetation MTVI 1.5X[1L.2X(RE—G)— 2.5 X(R— G)] [32]
index
16 35 A 4
REDEBEA EVI 2.5X(NIR — R)/(NIR+6 X R—7.5X B+ 1) [33]
Enhanced vegetation index
2 {5 1) — {1k 22 (8 A 948 4L
Normalized green difference GNDVI (NIR — G)/(NIR + G) [34]
vegetation index
SR L AR E =4
Normalized difference red-edge NDRE (NIR — RE)/(NIR + RE) [35]
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e A A M R B R AL
Optimization of soil regulatory OSAVI 1.16 X(NIR — RE)/(NIR + RE + 0. 16) [36]
vegetation index
) —1big % i
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Red-green normalized index
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Green chlorophyll index C-G (NIR/G) [40]
JC W& ik B 15 o Y A Bl R AL
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Table 2 Formulas for trilateral parameters
28 45 YNE:N Lk
Parameter Abbreviation Expression Reference
EARUFEES D 2130 IX B B0 ) F R (461
Red-edge slope red Maximum value of the derivative spectrum in the red-edge region
L . 21300 DX B B0 % B e A BT TE B K [46]
red

Red-edge position

2130 1 R
Red-edge area

21 101 & fH
Red-edge amplitude

Red-edge derivative peak wavelength

2130 X 5 O 35 i Ry
A . . . [46]
Integral of the derivative spectrum in the red-edge region

s 2T 300 DX 3P i S R 1 22 [46]
”d Reflectance difference at the two ends of the red-edge region

PR ES

W 12 X3 HOE 3 Y B R A

DXpje 47
Blue-edge slope e Maximum value of the derivative spectrum in the blue-edge region [47]
WAL E \ W DX Sl S B0 % 1 de K MH BT LE A K [47]
Blue-edge position e Blue-edge derivative peak wavelength
R E S WA 1 DX O S A 22 8 (477
Blue-edge amplitude e Reflectance difference at the two ends of the blue-edge region
CPuURTES DA B KT RO Y e K (477
Yellow-edge slope ety Maximum value of the derivative spectrum in the yellow-edge region
CiS A A B X O 3 Y s M BT AE Y K [47]
Yellow-edge position yelow Yellow-edge derivative peak wavelength
B {E S B DX i S A 0 25 {H [47]
S yell

Yellow-edge amplitude

Reflectance difference at the two ends of the yellow-edge region
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Fig. 3 The leaf reflection spectra of rice after being damaged by insect pests of different grades
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GIEM H s S RNG AT, RS ET &
BoEARG s 1 7K f AE 3 2 A) 22 55 Wk 2 (P<<0. 05) , & /K4 |
A5 ROK B B o X {E T B DU 2 T R O\ i I 4
B B G . 4l U AT Y e SR
3R B AR B NS R G, F B0 R D RE IR
FUIK 43 26 K IR 4 B AR i 5 7K 2 AR 0K
R

2.3 WHAEMEFRREIDLFNNHTES 20T
2.3.1 AT R¥EKEG =25k

I TSI 2 B BRI AS 1) 36 45t i R 386,
WG S % b B B R = B RO R S R
A I I A G0 A DG R B, [R) B BEAT B R R
5L 25 R4, AL SR S HUE SR A
PE B9, M 56 R %0 =0.80 H ik 2 M W F Kk F
(P<<0.0D); i AH% B AR W iEE S R F
LG S MR, 2 PRON RE A IR L &R
W S 22 0tk R AIR 5 B0 0 U B R B 3 R B T s 34
X3, B X3 O 2 o I g 28 R A i UK 1 O 3 X
WA R R B EES RFFERLNAHE LR
B>0.75, R N E T RN G IR RS 5, 41 M 5 41
AR R - CAR A= 3R K N AR R
55 , €130 3 B 7 27 O B B 1) S 1 B B, AL



FOCIRAE  HE T SO R A R A I A T A G2 IR R A 241

R3 FREBHAEHEREZEREKBHINELSELT
Table 3 Comparison of physiological and biochemical parameters of rice leaves

under different damage levels of C. medinalis

foHEREE

Damage levels of C. medinalis

LA 34

Physico-chemical parameter

i (n=19) Healthy B2 (n=9) Mild 1 i (7=8) Moderate

2R Z ) /(mg/cm®)

) 0.035 8" 0.0270 0.0221
Chlorophyll concentration
Al EL /0
KR/ % 67.52" 64. 99 63. 25
W ater content
25 73] iEq 2
SFROKIRIE/ g/ em®) —0.019 0 —0.0140 —0.0139

Equivalent water thickness

e o QRN 7] 52 3 KRR I 1 =2 [ 1 2 52 35 (P=>0. 05) 5 o f QR AL IR 25 S0 i 3 (P<<0. 01, F &I,
Note: **indicates a significant difference (P<Z0.05) among rice leaves with different damage levels; ** indicates a highly
significant difference (P<Z0. 01) among groups. The same applies to the following tables.

R4 "ZUHSEERYEMIEREERWHEXERY
Table 4 Correlation coefficient between triangular parameters and the

level of C. medinalis

it 28 I3 R 4
Color edge Parameter Correlation coefficient
WA —0.09
i 1R R —0.77
Blue
i 70 R —0.80"
B0 0. 24
iy
o [gUp e 0.65"
Yellow R
B0 R A —0.78"
EARTURVAC —0.60
4T AT —0.78"
Red 41 11 e {1 —0.76™
130 T AR 0.21

1R R 5 1 3 I A B 32 0 R I AR, 5 U AR
R EMK

gi b BT IR e i i =30 2 8, ok IO 3 iR
{H DR B R R B LR AL R R AL
i B AF S A A IR A A 402 T B 1 R E

Sh,
2.3.2 ATFODH-FHb#Ea4FiE AT 0F ik

Xt AN [ 52 5 R B KRS I R SO e R, LLO. 25
B SR A5 KX I iR DG 1 R AT 0~ 2 B 23 BB By T H R
2 B 5 BOETE 5 RS IR 8 T AR AT OE R AL
BERWAELS, AT HETON, &0 RS EH
SO A SRR A T 3R A RO R R SR

OGS I RLR 5 8 S B 5 R T A Mg
FaAH G 1 200 0% A TR 5 43 5 0. 25 B 660 nm Ak J2 F
#.0. 50 By 576 nm &b 53 0. 75 B 562 nm &k /Y 2
SR BB 0K 0.90.0. 92 F10. 91, 4 B ik
FF A 5 e (E, ELAR B IR J2 562,576,660 nm &b T Xt i
DRE RS RO BRI B, B R AE 2 A
A i R R T AR AR 1k

FI R 53 By S BOG S TH 53 22 A 5 F A B 48 KR
W AT R A 4 8, BN A 2 199 SO IE H8 BOEH  &48
HEEEE NN OV = AR PSS e S
Kl 4, Al U : TCARI 5 it 35 A0 G M & 9, 0. 75 By
TCARI A5 2 %0=0. 92;SAVI.EVI .EVI2. TVI
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Table 5 Correlation coefficients based on single bands

IEAHG UIRIEES
B vk Positive correlation Negative correlation
Order N - N w e
AR FREL K /nm LIPS ¥4 P /nm
Correlation coefficient ~ Wavelength Correlation coefficient Wavelength
0 0.87 666 —0.72 757
0.25 0.90 660 —0.77 736
0.50 0.92 576 —0.83 954
0.75 0.91 562 —0.83 719
1.00 0.87 560 —0.84 714
1.25 0.87 787 —0.86 710
1. 50 0.82 760 —0.88 704
1.75 0.84 741 —0.88 700
2.00 0.79 730 —0.84 695
)_1
9 >
L7288
9325
%
K
S
S,
%
GVIQ/ o
X Order
0.00 o
T 025 P VAR
OsAvt 1050
DvI B o.75 SAl
PVl B 1.00
ARV
SARL B i2s s‘
I 50 "
E\]\l . CI.RE
s s
B 2.00 Rv;
<0 4z
i

Iy
&

Dy,
Py
SART
EVI2
EVI
N

S S 0 T A PSR AE S — B 2 B 3 BT A DG 3 80 P A 6, fEL 7 AU B e 3 T Rl PR ) AR R G 4 6 T IR R AE S B B
BOT AR E R B  3 5517 AR AR R 2 it AR R N B AR AT 5 ARSI AR 8 B DG 3 By w8 I, 1) SMRRIE ARG, 1) AR R AT G .

The black font in the outer circle represents the vegetation indices that rank among the top 6 in terms of correlation coefficient under a certain order
of fractional derivative but are not selected due to their low rankings under other orders. The red font represents the vegetation indices that rank high in
terms of correlation coefficient under all orders of fractional derivative and are selected as characteristic parameters. The bar symbols in the inner circle
represent the level of the correlation coefficient of the corresponding vegetation index : bars extending outward indicate a positive correlation, while those

extending inward indicate a negative correlation.
4 BEFoMSBRIEREGINSSHEBIESHIERESRICHERNERIER

Fig.4 The vegetation indices selected based on fractional derivative spectrum and used for model construction

TEAS Bk A SC R B HEA B RN AE TIX 54 RE 5 B0 I B S 5 T 20 A SO IR s B R
R 2 I BE S L AN B g A BRI N WA SATRYAHOC R K=0. 88, HH B W 52 i it 7 (458



53 1

FOCIRAE  HE T SO R A R A I A T A G2 IR R A

243

T B B B R R AR AL S T SAT S AU
ER Y P

ZE b AR 3 T FOD 806 , 310 12645 3
TN IR £ S 2 W AL B AP IE 2 2 9. 40
A& 6 S HE B S B SAVILEVILEVI2  TVI. TCARI
FSAT LA Jo 3 4 %5 AiE B Bt R 4T % Rosruns Rozoum
H1 R0 o
2.3.3 ATFTCARSWHFHIEL F/Hik

£ 400~1000 nm 4 & FH CARS i 356 FR1iE 1 Bz
TR AR I BOR 3 L (R 4R B (RD 5 IH — 1k 2% {E 45
BNDD , I 43l i+ 5 H 5 R 96 i B 1S 3 S
FHOC R B, Ry 50 UE T 3 U B A A e 1k 5 AT A
5 50 Y 37 F S, G0 A A S D B 1 A

AP Il H AR E K G

ST 0~2 By RI 5 NDI A AH ¢ 1, 01 2 4 B A
X BB KB RIS NDILO. 5B 1 K 5 & B iy RI
FINDI 5 HUEE S5 9 19 FH 5 2 B0 R 3 <20. 90, 1
0B .0.25 K 5 0. 75 B it 8 Bt 41 & A 06 R B K
fE>0.90, i e &5 WL £ 6., UL :0.0.2550.75
B WG 410 o 5 7, SCRE PR BA I A O ) iR (B S AR
FEAE T 1B B O 5 B R o S BUR(E A E LR
A B S RTAT NDT X e s 5 58, A 56 M b
Z AR 5 BT 3 Dl B A A A o i S 0 Bk SR U I
Bt ., NDI_O, RI_0.25,NDI_0.25, RI_0.75, RI_
0. 75 %43 & 9 535,574 . 575 nm 25 Ik B X it Az
J5 8O0 BT TR B R Bl YRR v BE UK

®6 CARSHIEBREREAR
Table 6 Single bands and combinations selected by CARS

HH DG & B v v 1Y 45 D B

[ %k CARS fi # %% Bt /nm o .
= . The band combination with the
Order The bands selected by CARS . . ..
highest correlation coefficient
460,472 473,480,481 ,482 ,483 ,484 ,504 505,513,534 ,535.536 RI_0 = Rosonm/Rersm
0 543,544 (545 546 547 674 675,676 677,678,679 .697 .698.699 . NDI_ 0 =(Rss5,m —
700 N 701 N 702 N 703 N 704 N 969 RGI.’%nm )/( RSXBnn\ + RGISmn )
410,426,443 444 445 458 459 472 .473 .480.481 .482 .483.532 RI_0.25= Ris5m/Rissum
0.25 533.534 ,535.536,543 544 545 546 .669 ,670.671.672.673.700 . NDI_0. 25 =(Rs5m —
701,702,703 .809.,969,985 986 Rissom )/ ( Rizsom + Russom)
419,431,443 444 453,458 459 468,473 530 .531.532.533.574 . RI.0. 75 = Rezsum/ Roszm
0.75 NDI_0. 75 =(Rymm —
575,576,577 .692 .693.952.953.954 ,955.967 .968 ,969

RE&.‘)an )/( R574nm + RG.‘)an )

Zi I 5 F CARS 0 215 208 0 % i 08 fi 35 45
12 W BB AL [ R AE 2 5 25 RT_ONDI_0.RI_0. 25,
NDI_0.25.RI_0.75 .NDI_0. 75,

2.4 BYEHIERHEERLCHEINMERBE
M

K BT FEA CAL 5635 VR 2 a B X R Y
I L S PR 5D L R — A AR B ST HE AT B AL AL Ab
B H N 5 Ry 34T BT EAES 3R
HOEAFRIL12AEAR, HE4T 35 KA, o {4
A F AR AE g B0 A — R, B AR 3
ST P BETE AR 45 R i Mean BV 3 YRS AU M R
R BT, T s v 2 D0 Ak T 4SS 78 M e S [ B8 T
LR Eh R R

2k - R R TR B R 5 A B e R AE
BRI, BE AL 3h R AE (E O 00 00 7 A R

B, i AU FRAE 2 X 4 28 o SR 1 SR B, O A
— AL FRAE BTk R o LS AR R B v A R
Gl 30 0 2 57 X 43 T 3, ) DR A A ) R R R, AR
i 3 97 28 SO B AR Ak COF {8 (Mean) 1 5 1 22
(SDD) I W A5 RS 1, 1) R 1] R A0 T B 4
B, B BR R E BT R R BN A AR AE BB AR
TR AE 208 BTk 4 >0, 13 B AL B4 4

I 3L F IR 46 6% o B S 50 . CARS i 1)
2V FRAE S i W R A R R B RLR B
MOWEAE LD R R AR AE  SATLSAVILEVI,
EVI2, TVI, TCARI, Rig o+ Rezgum Risoum RO,
NDI_0. RI_0.25, NDI_0.25, RI_0.75, NDI_0. 75
Z 5 by g RGN IR SE L WL 45 R DL
5. WL Ph 21 N HRAE S /AR b i AR B S
JE R W e T RS B 3R R 25 O Y A Il S 1
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100% , 3 41 28 LB HiE K B Ry 80.09% +6.56% ,
S Bk W R L B AR i R R SAVIL
Rz um~ Roso s L 15 A FRAE 2 1 1E K i A S 1
o3 JE IR AE A | 7% 7 ARG o R R RO 3 A Il R
B AR, 39T 38 U TIEAS B4R T 8. 34% , R
Tia] AR AU 91 B v X 4 T DL o 307 A RS B 04 A AR
SR EVI2 . TCARI. Ry o, A 12 FEAE 2 5 AE
B AR PR T 3.7 % 1Y 3 3 A8 XK B,
IR PSR 2T 1AM R 5 R AR 5 Bk B 30
R . SAT, BA 10 R AE = 5 4F hy g A 78 it B, 43
SR B R T B 0 R T 3 3 R R
3T 28 SO UE A B JC AR A 5 A B i 0 &L % NDIL
0. 25 F1 TVI, LA 7 A HFAE 2 5 E Ry i A 2 B, 43
BRI R PR R O B M RR A
Z FN 52 A 39738 L HGTEKS 42 T & 95. 83%0 L, bR
WE2E 1 U R AR S 4. 17 %0 5 HIBR STRR M R 0 Y 21 14
BRAE S, LA 6 A RRAEAE N i A S 8, % 2 8k otk
=0, kK MM E PR KT I ZRER
LR R RER L H 3R XK IE RS E N
95.83% =4.17%.

417%  4.17%
L.oll 11.14%  685%  6.85%

K& Precision

0.8

0.6 1 1 1 1 1 ]
21 15 12 10 7 6

FHIEEU Number of features

B 5 AEHERFFERS X RN ETE R 347 32 RWHE
FEEH
Fig. 5 Changes in the accuracy of 3-fold cross-validation of

the plain Bayesian model

25 1L L6 MR IE S AR N i A S H G
I ML i 5 A6 2 12 W AE TR 8 OR e A, D 3R DL I T A A
Xof i B I R 8 PRI ME A R R 94, 7406 s X 32 B B iR
I H B U 2R 88 89 %4 3 W 5% ot FE U E I A
B R 100%, B A M FF AE 2 805 ) & EVIL
RI_0.NDI_0.RI_0.25 .RI_0.75,NDI_0. 75,

3 3 it

SRS W& (10 - o R [ 3 e A
AR G 98 AR B0 32 0 R AE 2 i 1Y O
TEAE 20 43 B AU (R FE O T R R R 2 OC B
PES . ABFSE ¥ EVILRI_0O.NDI_0.RI_0. 25,
RI_0. 75 %1 NDI_0. 75 #4 2 5 A F 9\ 4 i 0L £ 35 4
FAL Wit A, o3 BT 45 A i A FRAE (9 SRR B AT B TR
AT RN i I8 5 5 0 USRERAE . IR 6 FhaT LA
B H AR B RO X RS N4 I I s 5 45 912 T A
A BT kR A L 38 #) 32. 1% s EVILNDI_0 NDI
0.75 X% #5841y 5T 8k B AR 3T, 43 Wil O 15.75% .
15.76% .15. 76 % . MFFIEZ ik 5 46 w05 o 3%
A5 M O R B S, RILO>NDI_0. 75>NDI
0>RI_0.25>RI_0.75>EVI. 3 T CARS ¥ i& iy
RI_O.NDI_0,RI_0.75 F1 NDI_0. 75 it % Bt 4 & 44
TELLG R L AN B N, 5 T SO Fe R B 32 R
IFi) 45 20 e O 4 I WA 3 0 I R AR 21001 LI T A0 D Bt

0.4y

0.3}

TTHREE Contribution

RLO NDI 0

RI 025 RI 0.75 NDI 0.75

AR Variable

EVI /R 1 5 A8 Bl 46 %10 RT_O.RI_0. 25 F1 R1_0. 75 R Fl
CARS #3& 19 0.0. 25 F1 0. 75 ¥y L B #8 % s NDI_O I NDI_0. 75 %R
I CARS #3119 O F1 0. 75 By I3 —fh 22 fE H8 4k

EVI represents the enhanced vegetation index; RI_0, RI_0. 25, RI_
0. 75 represent the ratio indices of order 0,0. 25 and 0. 75 constructed using
CARS; NDI_0, NDI _0. 75 the normalized difference index of order 0 and
0. 75 constructed by CARS.

E6 HATEIEEKTEKE
Fig. 6 Contribution of the 6 characteristic variables

to the model

T [ PN O 3 B S SR A7 R A 25 A — 3, 5 Liu
SEUIRN Datt 5 UG 04 9 B RURC I B DL R i
BIHE BT o UF— B B0 UF T CARS 78 £ 1iF 3 & i
BE 5 T N LR R T T CARS M 8 1 FAE A A



53 1

FOCIRAE  HE T SO R A R A I A T A G2 IR R A 245

— A B0 VA A O\ s I I A A A2 R A
B I I

Oy IO X A A I I e A R A A2 T s R D
(9 B0, O B 92 36 B i 4 i, 2% A BT R A
Y5 A B RAE ST 1 o ARWETEAE 19 4> B X 32
& AT A R AR AR R A 19 A B
BEZEMN AR PEZEMN A8 AR/
P, % 8 B o — 0 4R TR B ) 12 A BB T, IR SR
LY EAEAS, Bl ANAE 7] — A R X 2 A F R BE AT
e B R, ) A S B A DA SE S 2 R A
WE 5 3 B KR I RE AR R — 2D R R BB A 25 K A
A SR Bl A o R A e A A R B ]
AR 2 B R £ 07 1%, DT 4R o el A 45 I I 1 7 45
G W R 7> 2 HERR JE .

4 & &

AW 5T R Rl R SR O 3 R DL S A8 AR S
PUAE A i A SRR, A R R A R AR K
FEE R, 43 BT i B S O 3 R E N AL S8, g —
AR Aok R Y O S G, SR AR OGS 4 B
SECAT CARS i 16 SUBRRAE 2 5, ) R DL i 7 85 78
o R O o I L s T A AL T A TR T 9 A TR 7
N IR A W 9l P, RS

DX B 43 A1 A 7] 8 9\ 4 i I 32 5 R R K R
B OGS R R B AL SRR B 2 R A IR e
R A KR I R, SO RN I 21 A1 i B R R R
A, T 215 i B S S 3R B 52 R Y I I T
KR I R 32 R N4 A R, L K A
B AR

2R T FEIREIE 5y B S48 CARS 59 50t
W15 45 G AR DG MR 43 B R W) < R 3 R R A R
BOM AR R AR R
SAVI.EVI.EVI2 . TVI.TCARI.SAT.Rigum Rigm
Risomn~ RI_OL. NDI_0, RI_0. 25, NDI_0. 25, RI1_0.75
FINDI_0. 75 0] £E S U500 A5 I 4 - £ 58 45 9 0
fEZ 4t

D FEYI G I U fe T S AL W AR A S PR AN
S5 R OFF 21 AN RRAE BT AE SR A 2 DT i i A A
B N LB HER R 2O BRI R R E Il
F UL N 34T 28 SUB U AE BE (28 Ak, B S 1 R AR T
B 0 7 5 T B DT kA HE 2 BAR R IE S 0, M
A FEfE = & & EVIL RILO. NDI_O, RI_0.25,

RI_0.75 NDI_0. 75 B}, B 8 XF {5 i iy 150 50 o
5y 94, 7456 5 XF 52 5% B U 0k R B E R R N
88. 890 ; X 52 v B oy K i B o 1 240k 10006, AR
DA I F A 2 W LAY 3 4T A8 S5 I A B

NN

=]
HY 1] o

£ %@k References

[1] 3%&F, #F,IX, =N, FXE, SEE, s, B, HIHAEMHK
BAEFRRE L RREITFMI]). PERLKXZZER, 2024, 20(12): 33-44.
Zhang X, Xu X, Jiang T, Li B, Chen W J, Guo J X, Zhou R R, Tian J.
Status of rice production and soil quality assessment in Quzhou City, Zhejiang
Province[J]. Journal of China Agricultural University, 2024, 29(12) : 33-
44 (in Chinese)

[2] FEEIR, MIWEEk, MI3E, BiA%, Ei, FHX . RIEVFEAEEBENXERK
RHARFEREREALI]. RUHMER, 2023, 54(11): 1-19
LiaoJ, Tao WY, Zang Y, Zeng HY, Wang P, Luo X W. Research progress
and prospect of key technologies in crop disease and insect pest monitoring
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2023,
54(11): 1-19 (in Chinese)

[3] TR, KE, SEHK, gk, ThE, TH9HA, Kk, £45, REK.
HMBEABARMFLAEF XN BASHIERESBRI]. EWRE, 2021
(6): 224-229
YulJ L, Zhang G, Zhao L C, Yao KB, Luo G H, FangJ C, Zhang J H, Jiao
Y, Shu Z L. Control effects of different seed treatments on the rice leaf folder
under machine-planting condition[J]. Crops, 2021(6) : 224-229 (in Chinese)

[4] 3kub, =3I, HH, EEE, E574, BRE, BUS, REE, IR, &
B35 . BABMMERDGEENRSHEHFIMHE ] PEERST, 2024,
44(6): 65-69
Zhang S. LiH'S, Qin M, Dong B B, Ren Z J, Yang F X, Chen Q F, Wu X
H, Wu S F, Gao C F. Drug resistance monitoring of rice leaf roller and
screening of efficient control chemicals[J]. China Plant Protection, 2024,
44(6): 65-69 (in Chinese)

[5] TI,%iE, TEF,. 2&E. IR. ETTANBSRIENKBRRZERY
M) Mg 5= EMEBER, 2022, 45(5): 44-47
Ding Y, Zhang Y, Wang A F, Meng M, Shen H. Monitoring of bacterial
streak disease in rice based on UAV hyperspectral method[J]. Geomatics &
Spatial Information Technology, 2022, 45(5): 44-47 (in Chinese)

[6] &RE, BRI, BH, FR, BRE, KR TANSHIEREEBNSH
IEEEKN ALY TIHRLER, 2023, 39(7): 1530-1542
Guo M Q, Bao Y X, Huang L, Chen C, Yang R M, Zhu F. Application of
multispectral image taken by unmanned aerial vehicle in monitoring
Cnaphalocrocis medinalis Giienée damage on rice growth [J]. Jiangsu
Journal of Agricultural Sciences, 2023, 39(7): 1530-1542 (in Chinese)

[7] =E=E, %okis, HEE, 30T, B35, BRE, RiGY, #HE . kBF
hEERENSHNRARER]. EBRAKAREEA, 2023, 38(1): 97-107
Yuan D B, Zhang BR, Ye H C, Huang W J, Zheng Q, Guo A T, Duan Y
H, Huang S Y. Advances in remote sensing monitoring and prediction of rice
diseases and pests[J]. Remote Sensing Technology and Application , 2023,
38(1): 97-107 (in Chinese)

[8] HEM, 815, BT, =5 . ETFH#E DeepLabV* A ZE S T ANIER
HATREMRIRA T, RERWKRFZR, 2022, 27(2): 143-154
MuTY, Zhao W, Hu X Y, Li D. Rice lodging recognition method based on

UAV remote sensing combined with the improved DeepLabV:“ model[J].



246

0 LN ES I Y NS S 4

2026 4F 55 31 %

[10

[n

[12

[13

[14

[15

[16

]

]

]

]

[17]

[18

[19

]

[21]

Journal of China Agricultural University, 2022, 27(2): 143-154 (in Chinese)
HEAM, HRE, RiE, TEF, D8, TH—. ETTANFANEYAEH
EHEREERENT]. ElRLEE, 2020, 36(6): 132-137

Tian M L, Ban ST, Yuan T, Wang Y Y, Ma C, Li L Y. Monitoring of rice
damage by rice leaf roller using UAV-based remote sensing [J]. Acta
Agriculturae Shanghai, 2020, 36(6): 132-137 (in Chinese)

ShiY, Huang WJ, Ye HC, Ruan C, Xing N C, Geng Y, Dong Y Y, Peng
D L. Partial least square discriminant analysis based on normalized two-stage
vegetation indices for mapping damage from rice diseases using PlanetScope
datasets[J]. Sensors, 2018, 18(6): 1901

Huang J R, Liao HJ, Zhu Y B, SunJY, Sun Q H, Liu X D. Hyperspectral
detection of rice damaged by rice leaf folder ( Cnaphalocrocis medinalis)[J].
Computers and Electronics in Agriculture, 2012, 82: 100-107

XFH, B, RET, =, X8, TEY. TANERIEERNKEN
EREEEFERMSRNTERRI]. HEZERIEDN, 2024, 44(5):
1457-1463

LiuZY, Feng S, Zhao D X, LiJ P, Guan Q, Xu T Y. Research on spectral
feature extraction and detection method of rice leaf blast by UAV
hyperspectral remote sensing[J]. Spectroscopy and Spectral Analysis, 2024,
44(5): 1457-1463 (in Chinese)

Liu T, Shi T Z, Zhang H, Wu C. Detection of rise damage by leaf folder
(Cnaphalocrocis medinalis) unmanned aerial vehicle based

hyperspectral data[J]. Sustainability, 2020, 12(22) : 9343
Yuan L, Bao ZY, Zhang H B, Zhang Y T, Liang X. Habitat monitoring to

using

evaluate crop disease and pest distributions based on multi-source satellite
remote sensing imagery[ J]. Optik, 2017, 145: 66-73

Zhang J C, Huang Y B, PuR L, Gonzalez-Moreno P, Yuan L, Wu K H,
Huang W J. Monitoring plant diseases and pests through remote sensing
technology: A review[J . Computers and Electronics in Agriculture, 2019,
165: 104943

FHIOL, KA. M, EXEE, KR, EPFATERENESFTNHAR
BRI BRIESIRAZEH: BARER, 2018, 10(1): 30-43
Huang W J, Zhang J C, ShiY, Dong Y Y, Liu L Y. Progress in monitoring
and forecasting of crop pests and diseases by remote sensingJ]. Journal of
Nanjing University of Information Science & Technology: Natural Science
Edition, 2018, 10(1): 30-43 (in Chinese)

Long T, WangZY, Xue BW, LiD, Zheng HB, Yao X, Zhu Y, Cao W X,
and Cheng T. A disease-specific spectral index tracks Magnaporthe oryzae
infection in paddy rice from ground to space [J]. Remote sensing of
environment , 2023, 285: 113384

Gitelson A A, Keydan G P, Merzlyak M. N. Three-band model for
noninvasive estimation of chlorophyll, carotenoids, and anthocyanin contents
in higher plant leaves[J]. Geophysical Research Letters, 2006, 33(11) :
2006GL026457

ZhuY Q, Qu Y H, Liu S H, Chen S B. A reflectance spectra model for
copper-stressed leaves: Advances in the PROSPECT model through addition
of the specific absorption coefficients of the copper ion[J]. International
Journal of Remote Sensing, 2014, 35(4): 1356-1373

Zhao H L, Gan S, Yuan X P, Hu L, Wang J J, Liu S. Application of a
fractional order differential to the hyperspectral inversion of soil iron oxide
[J]. Agriculture, 2022, 12(8): 1163

BRE, REE, KERE, TRE. ETOBMMSBKERIEERHEER
FREEAENREEI]. HAESFR, 2023, 34(3): T17-725

Shang T H, Chen R H, Zhang J H, Wang Y J. Estimation of soil organic
matter content in Yinchuan Plain based on fractional derivative combined with

spectral indices[J]. Chinese Journal of Applied Ecology, 2023, 34(3): 717~

I
)

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

w
o

[38]

[39]

725 (in Chinese)

Richardsons A J, Wiegand A. Distinguishing vegetation from soil background
information [J].
1977, 43: 1541-1552

Rouse J W, Haas R H, Deering D W, Schell ] A, Harlan J C. Monitoring

Photogrammetric Engineering and Remote Sensing,

the vernal advancement and retrogradation (green wave effect) of natural
vegetation. NASA/GSFCT Type III final report[ R], NASA, 1974
Pearson R L, Miller L D. Remote mapping of standing crop biomass for
estimation of the productivity of the shortgrass prairie, Pawnee National
Grasslands, Colorado[ C] In: Proceedings of the 8th international symposium
on remote sensing of the environment. Ann Arbor: Environmental Research
Institute of Michigan, 1972: 1355-1379

Roujean J L, Breon F M. Estimating PAR absorbed by vegetation from
bidirectional reflectance measurements[J]. Remote Sensing of Environment,
1995, 51(3): 375-384

Huete A R. A soil-adjusted vegetation index (SAVD[J]. Remote Sensing
of Environment, 1988, 25(3): 295-309

Kaufman Y J, Tanre D. Atmospherically resistant vegetation index (ARVI)
for EOS-MODIS|J|. IEEE Transaction on Geoscience and Remote Sensing,
1992, 30(2): 261-270

Penuelas J, Baret F, Filella I. Semi-empirical indices to assess carotenoids/
chlorophyll a ratio from leaf spectral reflectance[J]. Photosynthetica, 1995,
31(2): 221-230

Kohzuma K, Hikosaka K. Physiological validation of photochemical
reflectance index (PRI) as a photosynthetic parameter using Arabidopsis
(1.
Communications, 2018, 498(1): 52-57

Gitelson A A, Kaufman Y J, Stark R, Rundquist D. Novel algorithms for

thaliana mutants Biochemical and Biophysical Research

remote estimation of vegetation fraction[J]. Remote Sensing of Environment,
2002, 80(1): 76-87

Panda S S, Ames D P, Panigrahi S. Application of vegetation indices for
agricultural crop yield prediction using neural network techniques[J]. Remote
Sensing, 2010, 2(3): 673 - 696

Rufo R, Soriano J M, Villegas D, Royo C, Bellvert J. Using unmanned aerial
vehicle and ground-based RGB indices to assess agronomic performance of
wheat landraces and cultivars in a mediterranean-type environment[J].
Remote Sensing, 2021, 13(6): 1187

Miura T, Huete A R, Yoshioka H. Evaluation of sensor calibration
uncertainties on vegetation indices for MODIS[J]. IEEE Transactions on
Geoscience and Remote Sensing, 2000, 38(3): 1399-1409

Daughtry C S T, Gallo K P, Goward SN, Prince S D, Kustas W P. Spectral
estimates of absorbed radiation and phytomass production in corn and soybean
canopies[J]. Remote Sensing of Environment, 1992, 39(2): 141-152
Fitzgerald G, Rodriguez D, O’ Leary G. Measuring and predicting canopy
nitrogen nutrition in wheat using a spectral index: The canopy chlorophyll
content index (CCCD[J]. Field Crops Research, 2010, 116(3): 318-324
Rondeaux G, Steven M, Baret F. Optimization of soil-adjusted vegetation
indices[J]. Remote Sensing of Environment, 1996, 55(2): 95-107

Chen A, Orlov-Levin V, Meron M. Applying high-resolution visible-channel
aerial imaging of crop canopy to precision irrigation management [J].
Agricultural Water Management, 2019, 216: 196-205

Daughtry C ST, Walthall C L, Kim M S, de Colstoun E B, McMurtrey I1T
J E. Estimating corn leaf chlorophyll concentration from leaf and canopy
reflectance[J|. Remote Sensing of Environment, 2000, 74(2) : 229-239
Haboudane D, Miller J R. , Pattey E, Zarco-Tejada P J, Strachan I B.

Hyperspectral vegetation indices and novel algorithms for predicting green



53 1

FOCRAE  FET R SO R

YA I IR T AF 9002 WA L A

247

LAI of crop canopies: Modeling and validation in the context of precision

agriculture[J]. Remote Sensing of Environment, 2004, 90(3) : 337-352

[40] Gitelson A A, Vifia A, Ciganda V, Rundquist D C, Arkebauer T J. Remote

estimation of canopy chlorophyll content in crops[J]. Geophysical Research

Letters, 2005, 32(8): 2005GL022688

[41) EBEEF, MZF, EXRE. REAEERAIERKLEANER ST WHERR

[J]. BREEE R, 1996(1): 20-31, TOO1
Wang J N, Zheng L F, Tong Q X. The spectral absorption identification
model and mineral mapping by imaging spectrometer data[J]. National

Remote Sensing Bulletin, 1996(1) : 20-31, T001 (in Chinese)

[42] sEok&, 3KBETR, AEH, KRR, EF ZH"SHMAMKHREHEER

BJ]. Rl XFZ4H, 2015, 43(5): 80-83
Shi B Q, Zhang X L, Bai X Q, Zhang X X. Chlorophyll estimation model of
Pinus tabulaeformis based on “Sanbian” parameters|J|. Journal of Northeast

Forestry University, 2015, 43(5): 80-83 (in Chinese)

[43] Bach H, Mauser W. Improvements of plant parameter estimations with

hyperspectral data compared to multispectral data[J]. Remote Sensing of

Vegetation and Sea, 1997, 2959: 59-67

[44] Curran P J, Windham W R, Gholz H L. Exploring the relationship between

reflectance red edge and chlorophyll concentration in slash pine leaves[J].

Tree Physiology, 1995, 15(3): 203-206

[45] Gitelson A A, Merzlyak M N. Signature analysis of leaf reflectance spectra:

Algorithm development for remote sensing of chlorophyll[J]. Journal of

Plant Physiology, 1996, 148(3-4): 494-500

[46] Bonham-Carter G F. Numerical procedures and computer program for fitting

an inverted Gaussian model to vegetation reflectance datalJ]. Computers &

Geosciences, 1988, 14(3): 339-356

[47] Gong P, PuR, Heald R C. Analysis of in situ hyperspectral data for nutrient

estimation of giant Sequoial J]. International Journal of Remote Sensing,

2002, 23(9): 1827-1850

[48] iR, &€&, E®RE, BFRER, HFEK, REAR, 2R, E#XA, =K. &

MR AR G S TS B IE R EINAUR TR 80 5 SR PR I E 1k R

E—IEEEAN:

ol a2\

[50]

[52]

[53]

[54]

HREEJ]. SR EER, 2020, 39(10): 1305-1310

Peng H G, Jin Y, Zhan Y G, Chen Y Q, Feng X B, Qian F C, Huang G,
Huang T J, LiJ. Quantitative determination of hydrolytic nitrogen content
in soil by near infrared spectroscopy combined with competitive adaptive
reweighted sampling variable selection algorithm [J]. Journal of Instrumental
Analysis, 2020, 39(10): 1305-1310 (in Chinese)

LiH D, Liang Y Z, Xu Q S, Cao D S. Key wavelengths screening using
competitive adaptive reweighted sampling method for multivariate calibration
[J]. Analytica Chimica Acta, 2009, 648(1): 77-84

BE, RER, FXH, TXE, AFE. EFHARAMHNELRAHER
EEFENFTE]. TUARSFE, 2021, 41(12): 41-47

Gong M, Zhu SL, LiWJ, Wang D B, Zhou S H. Method for evaluating the
stability of soil-like slopes based on Naive Bayes[J]. Mining Research and
Development, 2021, 41(12) : 41-47

HRE . EFNREINFERT EXEABIRNEEAHARID]. = &
RESIRKE, 2023

Zhong Y Q. Research on rice identification and change based on machine
learning in Shangxing Town, Liyang City[ D]. Nanjing: Nanjing University
of Information Science & Technology, 2023. (in Chinese)

Zhang G S, Xu T'Y, Tian Y W, Feng S, Zhao D X, Guo Z H. Classification
of rice leaf blast severity using hyperspectral imaging[J]. Scientific Reports,
2022, 12: 19757

BiRE, 95, MAL, 23X, ERT. SATHENBAESHEKEAR
MER[)]. EWRIPFR, 2020, 47(2): 403-416

Ge W B, Hu G, Lu M H, Jiang Y Y, Zhai B P. Long-term models suitable
in China for forecasting rice leaf folder Cnaphalocrocis medinalis|J|. Journal
of Plant Protection, 2020, 47(2): 403-416 (in Chinese)

Datt B. Remote sensing of chlorophyll a, chlorophyll &, chlorophyll a+b,
and total carotenoid content in Eucalyptus leaves[J]. Remote Sensing of

Environment, 1998, 66(2). 111-121
WAEG B R AR

LA, MBI 2 AR BB S A o AR EE TR MR O . Wi
T A 301 ] 2 00T 29548 BIF 5 26 BHT -5 S B Q0B 1 R H (STCX25_1881), eff %ol = 45 422 42 115
ABHYIR LSS — A5 kR 20, S 5ILHE AR S LBl m H 1591,

BRAEFER A 78, W, SN B EOR R B WA 0W SE AR M S R DR 2 . BT
EFRIFSEE R A RPHE I H LI, VLR A AR R i I E 130, 25 58 UL IR H AR
SR FWH 1, LU — sE 5 R R R SCIGRIE SC 20 A da Lt MUEORE 198 % 35 330 5 B I
o W ) 3 AR AR AR AL 2 000 AR v R 22 2 S M 2 R B R A5 AR 1 I VL IR B
BRI A R GIS U R A A2 100

AT A T Bl 2 0 L E LI S 1A



