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Inversion Method of Chlorophyll Relative Content in Key Growth Stages of
Millet Based on Unmanned Aerial Vehicle — Satellite Image Scale Conversion
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Abstract; SPAD is a key indicator for evaluating the growth potential and nitrogen nutrition status of
millet. To achieve high-precision and wide-coverage dynamic monitoring of the relative chlorophyll
content of millet during key growth stages (jointing stage, heading stage, filling stage, and maturity
stage) , taking the field scale as the research area and integrated multi-source remote sensing data from
unmanned aerial vehicles (UAV) and satellites, an SPAD inversion model for optimizing long short-term
memory neural networks ( LSTM) based on the improved grey wolf optimization algorithm (IGWO) was
proposed. During the research process, UAV remote sensing data, satellite remote sensing data and

ground point-like SPAD measured values of each key growth period were obtained simultaneously.

Wk H . 2025 -09—-10 & H# . 2025 -10-15

HEEWB : Wb &S AT E (19226421D)

EE BN WHER (2000—) , 2 W2, 328 ARl 12 B R B H A 5%, E-mail : 2216798012@ qq. com
BAEMEE: B (1981—) &, #4222 NS5 b Az 25 80 5% J5UF T F 9%, E-mail : zhaoli@ hebau. edu. cn



170

P A1 R S S 14

Through the longitude and latitude coordinates of the ground measured sample points, the point-like
SPAD values were spatially matched and associated with the UAV image pixels and satellite image pixels
at the corresponding positions to construct an image-measured corresponding data set. The point spread
function ( PSF) method was adopted for scale upward inference of UAV images. The mean-variance
method was combined to preliminarily correct the satellite data. Then the support vector regression
(SVR) was used to establish a collaborative correction model for multi-source remote sensing data of
UAV and satellite.

parameters sensitive to SPAD were screened through Pearson correlation analysis and XG — Boost feature

Based on the corrected high-precision satellite data, the spectral characteristic

importance ranking. The nonlinear convergence factor was introduced to enhance the hyperparameter
optimization ability of the grey wolf optimization algorithm, and finally the IGWO — LSTM SPAD inversion
model was constructed. The results showed that compared with other resampling methods, the point
spread function method had the least information loss during the scale-up process. The average value and
standard deviation of the processed image pixels were 0. 103 and 0.056, respectively. The satellite
remote sensing data corrected by the histogram matching method effectively retained the original spectral
shape, and the spectral angle mapping value (SAM) was as low as 0. 062°. The SVR algorithm had the
highest model accuracy in the B/G/R/NIR bands during the critical growth period, and the determination
coefficients of the four bands were 0.920, 0.961, 0.963 and 0. 900, respectively. The coefficient of
determination ( R*) of the IGWO — LSTM model in the inversion of SPAD during the critical growth
period reached 0. 985, and the root mean square error (RMSE) was 0. 111, which was significantly
superior to that of traditional models such as partial least squares regression ( PLSR) , BP neural network
(BPNN), and random forest regression ( RF). The research achieved the precise dynamic inversion of
SPAD during the key growth period of millet, which was of great significance for the intelligent monitoring
of crop growth and the precise application of nitrogen fertilizer.

Key words: millet; SPAD; scale conversion; UAV; satellite remote sensing; collaborative correction

model

2026 4

0 3]

AFRKEI T T2 CET 2K T ZFE
REYEZREY) e B m ™ PO e S 3, HoA:
KRS AR HE S X S At & 5 7= 8 Wl &= ¢ &
T g A X R R WY A RE
)R A8 B, B3 QIR AE W0 ) o g i a8 e 3R 5 7
AT I A ) G e X 0 o A
KB LHE K A5 R4 Z A0 & 10 E vk
FLAE ARG R A 4 4 A s T RO
JEE S S X S )y Bk AE AR [ A B R
MR AR B #E S v 22 , HI TRk L e Bl 3l &
W wfE A 2 RS AL B A R A AR BUIR S SE R 2
Wi A 5 K o

AR, BB AR S TAMEAREEYERS
Bk I 503k 1) 3z N SR PR T AR B AR
AR BIROE T &2 . B AMLEE B E B AR AL T
R L YT A% R AT IS E S R
AR TR e T s A B R A
B BRI, B —TJC AL BT & 32 2 i 5 56 v
B ), 3 A S A S W ok R AR
2 R R LA O L U R Y R s a) 4y
PR, R T 24850 b A F W AR oA

il

TR T I 4 A sl R A O 1 B0 T, M DL B4 A it
AR 25 5, T R 1 HEX) SPAD {542 £l B 850
JE o P, AU T B — JE A B a1 A i T A A Y
SPAD Jz {6 15 7R Xf LS 7 i A 58 55 R 1T A9 M 00
Ko MEPIX—TF &, w5l i R e BoR B[R] 2
R SRR B A AN TR B D03 LS s I RE 7 Y
R o BUA WFSEUE B, ) RS 5% 48 07 16 X A HL
1 OB b LU IE TR R e RS A AR e A AR
JBORGEE T

MT U, A SCRLRT AL A AR E T B A iR
W OCHEE B IS T AR A, A B R ICTE AL S
T 3 SR AR T S R o S i R R
P 07 2 o PIE T IUJEE 5 3k, 0 S R T 97 B eR B0
K JC AL BRI T R = TR R 255 BT
ZEVEXT GF — 1 TR AR B 2 A7 4 B I, 9F A
SCAF ) [ (SVR) # # J6 A LT8R 2 R 3 I AR
B 03 [ A T R Y 5 A g R Al O 08 O 3 AL, BT
4 TSR A () A I B0 gt 3R X 5 B P A
B 5 B 208 5 3 M 8 IE AT e T BRI fiE 96T
20 Y5 SRR P R B R4 o ARSI & A 22 U i TR
Y 1 B B e B0 P Z A% 1 M R I SR R A
S, U O S RS B R B R AR KU B
S I Al A 7 PR I B S A



%14

PR G T RAN- TR R RRUZ R B A 5 S B AR 0 S M0 & 4 I 3 Oy Tk 171

1 #M#BERFE

1.1 #SHREHER

LU AL 48 i T F 2R s R AL 55 & k5 1
FE 4T 7 1 (38°46'N, 115°08"E) Sy AfF 5T X, H
Mo PR EANET 1a fr7s o fE 2023 AR3EC1 (7 J 28
H) B8 H 21 H) IO H 10 H) Flig
29 A 28 H)IFREIAML ©ATIKE . 5k H]
TAERRIL D) iz P AR A AT 197 F 3 AR 3872
AT AR, o B B B R S AR P Rl
B VE R SR . R E 6 4 40 mT NIX BN A
P 3 AN/ 1K B BT IA] 7 F )2 50 A 5 310
A RAE A LASR AR I 2 2 AR X 35 5 Bl SR AR RS (]
Sy A& b fros o

= 115°0'0"F, z
> - ‘ >
or N 1 /
gl A <
< =t
= £ PoE
o b e
or T ¢l
=Y &
32} ] S - 133)
* WFFEIX o
z B z
s B i B, 5 s
o0 75 =)
N — BN

115°0'0'E
() DFFE X AT

(b) RAF B 51
Bl L RIS DX B0 A R e i 5 [ 3 A

Fig.1 Geographical location of study area and spatial

distribution of sampling points

1.2 HBEREEmAE
12,1 S EHE R 4 e

K H SPAD — 502 Bt &% Z AL ( H A EBEL A
Al ) XA R AT b Tk 3 A,
o i R AE D% K 650 nm A1 940 nm F (1 3B E &
B, AR S F R R S k. A R AR A R
5 BRACRPEAEMR , B 7 ik R 5 04T 3 IRE E I A
BT BB/ R % RE A 1 SPAD 1, #1155 5 2 63
BHE S B A5 R N o [ B, 7R SR A SPAD A B[R] 25
ESR AR
1.2.2 o AMLE IR E i R 45 5 b 3

% A DJI Matrice 600 Pro %I JG A #1457 GaiaSky
mini2 — VN 4 39 KOG 3% R R Gt 4% BUE B 188
Wit o TCAMLRAT 5 Hb T [R] 25 0L I ] B 2R 4T, 8 4% W
B TE R B A 1 KRR, O & HEAE GE T B B
(10:00—14:00) $47 ©AT 55, LABA 08 K FH & B2 A
e FOG RE8AT o R T A A P B 5 A X 4 S
KIE o AR GBI 5 X B R AE 35 3 T 4R, B 0 5215 5¢
BT T IS X, S TRAT S 200 m, H R 2 ]
SRR 10 em, HJESEE GF —1 WEV T 50 iF
A7 IRUBE e 3 S U TR A TE A A3t i R B2 5 7% e . IR

AR 28 SpecView B 58 BUBE 15 728 e | B 11 RS I
S AR IE F RS IE Ak B 4 7 A L 3 J
ARERAE . e WK ENVIS. 6 43 $2 Ui
(B) 2% (G) £L(R) ML 40 (NIR ) 7 BE A 2 5%
1.2.3 A i BB R4 5 Ab

R GF —1 WFV TR E G, Bl R I8 1
B U AL Rt o REAROR AR B (8] 5 b T U I 45
PEE A, o 7 B 0 — B T S . GF — 1
WEV L& as 23 [ 4r B 16 m, A 5w [l
U5 JE A B AR IO AR AR A5 R o5 8 T R
Flb W m sk L A K G Ay W R AR A 2
V) 405 2 B0 1 B EL A #e , (R R PR 56 A B, o
DA BRI 8 R A s AR 5 LI, L 259 SR ) R AR
L= o B B A3 SR <1 I NI £ 3 R
M Z T ,GF —1 WFV SR 7E 45 8] 43 #5555
Bl 22 ) MRS 1 e o~ A, L v 00 6 U 8 ) 2 L Al 2
MR T A FERRAE B0 R e 21k, %
i 5 I AL OGS AR Z ) 43 B 3 25 5 W 3
Ay B TR A BIF 5 48 3 1 22 5 850 B ) A OF 5 RO %
Woor AR AL T A R & . R IR 52 R & BF ENVI
5.6 SEUHR 8 AR LR AKR IE | IE TR IE 4§ AL 2R
J5 BRI (B) (44 (G) L1 (R) AT 4T 40 (NIR) % BE
14 B2 S5 3, by T R AR B 4
1.3 ZREEBRHEHEREEBENHE

R FH 5 IR B3 (PSF) 6 T A B3 TG AR
FEREE 2 16 m 23 [0 73 BER  DLSCE 5 GF — 1 LA &
JEBIUHE 12 [R] 43 90 R — B0, HAZ 0 S R 3 — b
B A S AL PR B, DA O R 3 R S AR
AR A T T I B o T R A R R A,
G TE L BT, W i LA AR R
FCER T 10 6] 85 43 % 38 5 A5 S i UK 3 O e, 3k T A% 4
A5 B bR AL s 25 8] 53 B AR DG T 1 AIG 3 B R i
BEUE . SRR T A BRENEE Sz R R
I RO 2 4 iy Iy 1) R JBE 80 5 PRI A e 46 i i R 3K
o7 70N, 2 A S AR BT AR B8 1 O A B A e 3

b5, A Z % GF — 1 LR Gt
FrHa ST IA — IR AL B, Bk A5 JE AHLE R it 22 57 o
P B IE S AR AR T A Ze 1 728 4t , Al JHE 349 1 R g 1
EHBEH G- TR, KT Tz
I T2 5 L £ i A 3 R 1% 0 4R S — B IE
AT LATH IR J& 1 JC N HLREARAE A o RGBS % 3
THE | SR FH X5 (R R0 o 22 SR DA R 3% 57, 2R 6% f
B S5 (SAM) PF- Ak 8 565 4% 1E 19 350 5 Kt 3% T bk 1) £
Refie 1o G003 MH AR 0 b5 M 25 RO AR B 5
TN R



172 | 1 R = 2026 4
M:Lﬁp (1) O—— A1, 0 /I, WD G 2% O AR
N &= HRBL , UG I i 725
e lfi<p—w (2) RGBT TR R SS9 T A HLIE OB | 3 1 4
N & F ENVI 5.6 $2HUiE (B) (48 (G) .41 (R) FI3T 41 4h
iTR (NIR) P BE i S 51 % . LT S AR 0 2 5 5 500 Hy
) = arccos i (3) i NS THROEE S B TE A ML AZ 10 2 5 R 500

sz [sr
A N—RE@ B EN R
p— i MEE N IKE
AR A 1% o0 i 28, B AR FE e wi

M
Ja , W S (R BT, i 1R B IR
52

o—— BRI R AT i, T b i
P SIS R A EUSN O R ST

n—— 1% 19 P Be

T, —— R WA AR PR R AR b B fE
R,——Z% BN MR FRAELR b AU B

I T o e S e 1

i 0, SR SVR B3k by i Py [F) A IEBBE A, LU A
BN, TR S T8 AL 3 LM i S, AL A T
BB AR AT 5T, SR s i A 1) B A eR B
( Radial basis function, RBF) #4244 v w4 | 1)
A AL BEOG iE RRAE 5 R S R 8 B2 2 i AR Sk ok
Fo AVPALAC IEA AL Y 1 BE T 4 T B R, U2k
RS T A A SR AR & b s 4R
xRS ATE P AASTEA TS AT
EHTWE ., W BEL S K, iR FEESH
VEMREE — U, TE A BRAE A S0 T AT A8 DR TR I 25 %
I 5 B[R], A7 R0 S i 4005, 4k B O A Ay AR Y
PEREPPAG 25 2R o A SCIH R B A&l 2 Fs

! el R A A B A D BRI g
| b CNDVI ) |
S Y . e
| b i
i)
T e BT e ) GEEED) gapgc) (Co) |
| v v I I 5 : !
: e (TeuBr) Cavi) |
e ETT ) TR TEZEAREENIR 5
METETTDIHESTTY [SPAD_SM]: | om) |
| 5 | [ <00
i) || Cesee) |\ Y
HEZTTDHIEGE"TD) : (it ih)  (XCBoostFER B EH )
1 | || e S e e e e e
I = { TTTTTTTTTTTTTTTTTTT
e N , ISR R R R AR !
| R R B L | 0% !
1 [
= PSF ! - i
LA | | g (N, (RN |
: Vol (O e i
! ¥ b |
L b i) | | | |
| I
' = — R (30% i
i ! e i— i M 8(30%) E
P [rRERCRE BooE )| || i
! -—fﬁﬁ%ﬁl P R? EAESPAD i
i \ | i I:>RMSE ST i
AN == 1 e |
e ] | | M= e R —— |
K2 BERBARGRRE

Fig.2 Research technology flowchart

1.4 SRS Hi%

PRI 4 AT i B B R AR R 8 AN T AR Bk
FE RO RT LR RRAE 3t 12 FOGIE SR BUN T Tk %
FGE 5 4 A 2 W, HR 4% - 85 (B) (4 (G) . 4T
(R). 3T 48 4F (NIR) 3% B 0 — fb 1 ¥ 45 %
(NDVI) % 4 ) — {k 1 9t 45 %0 (GNDVI) |+
Y YR BE AR B0 (SAVIL) UL R B 15 8K
(RVI) 7 2 B 45 80 (GT) ™% | 34 am 700 4 gk 45 %%

(EVD) ™ 20 S MBS B (IPVD) P LR AE IE = fifl
BB (MTVL)

K Rz IR 380 AH 52 PE 73 T Al XG — Boost SR 5 2
PhpEFE = % 45 A IR E T . A T&4
KT A D A F 15 I 4 2 R A R A G 2
B, 0 06 th B A SR A O M B R IE L R XG -
Boost 43 {iF T B4 26 5 % B A AR 56 1 1 457 10F B A7
TEVEHER 15 B R 8 45 20 A X 5 i BTk AR K i 4



%13

PR G T RAN- TR R RRUZ R B A 5 S B AR 0 S M0 & 4 I 3 Oy Tk 173

fiE A8 S 1 &R T W B O C IS R IE 4R
1.5 HEZHENSERERLGE

BT H WA RO AR AR, LA S R A
XF ot o B i B b, A R R I 12 M 4% ((Long
short-term memory, LSTM ) Jz JE# %l . LSTM R A
R PR AVE WA 5] A 7 300 00 I 3 Ol 3% R AE , DA 17T 3l
BEBA R, A BT 5 T it 4 R AR X 9 1 S i
REEE o SR, LSTM A5 2 i) i 2 H0 ik i 5 2%, F U
ELHEE W RIPE BE S UCBCR o  3E o R AR AL
J1, G B AR 8 e e B U, T A B e A 50 5
WESEH T, ik, ARBTG5 A — Rl BGH K
WAtk B ¥ ( Improved grey wolf optimization
algorithm, IGWO ), Jf &5 & dF £ 1 W 8t W 7
(Nonlinear convergence factor, NCF) 020 s b Ak H g
AT o N T B KOR B9 38 R 58 [, HAR AE
AR G A8 WS DL 7 R 1) 4 R R R BE T, i
B S22 R K AR S0 S 0 /) LS 5 ey O 40 T A
RE 7, 3 = W BSOS B, AT 552 3 30 25 L B b Y- Al 4
RS R RS, EREENY) 2R RS
K 8], 78 J5 SR HE T 20 W TE S5 P X8l , DA T B8 A 2%
b 4R F) LSTM BRI (Y e A S8 5
1.6 REI%5iTEME

Bedn A v B L) 70 1 2BEALR] 2 U 2R AR L
UESE A G AR o B AU I 2 AE G A KRR R 19 -
14900K e 4 FE 2% NVIDIA RTX 4090 [ 4b ¥ 2%
L 128 GB NAF I BE (- & B #EAT . IR I RELE
SEH] PyTorch, 345 4 CUDA 12.6 J:47 118 4244 L
SRR ROU SR 15 AD R BE VT Al R I X O AR 22
(Root mean square error, RMSE ) Fl #t 5 F %X
( Coefficient of determination, R*) VE N EMF545r.
v, RMSE FHJ- 7 &5 150 00 {F 55 E SR 22 18] 19 1 1 O
2, FLAE /N 3 WY A R 000 RS B s YO T PR A
BERLF H AR B9 005 00 52, OB R 3T 1, 3R/ 8
T fif BEBE 185

2 BRE5HH
2.1 ET PSF WREHBIRITM
WSEATESE R GBidRS AL TN R LR Ry LR €

AR, R R OGS A &l BB OT K A S bR
W22 AT E & WAL, P RGE B T Ak
(Nearest) \BUZ P P4 12 ( Bilinear) F1 37 77 45 BN 4
1 (Cubic) 3 Ff 85 R AR T4 RUEE J5 v 0 36 0 30 45
WE 3a s

PR 0 SRR 2T 0 B IR AR T ML R
1R IC I 294 0. 056, bR fE 22 2k 0. 013 5 WL PE
T A BIOR B0 e 4 IS 52 RS T B 43 3

0.07.0. 043, brifE 2= 73 51 &y 0. 011 .,0. 013 5 37 J5 45 1
T AR 9 A B AR T VR B 05 RO R e ¥ (E A ) R
0.096 ,0. 092, F5 #fE 2 4351 & 0. 008 ,0. 041,

8

JeTE FA B GHE/ )
s e g
E

8
K

(=)

AHH
(@) (b)

B3 BT A v 22 0 ROBE 8L 5 063 £ ke g
( SAM) DAl X Eb

Fig.3 Comparison of scale effect and spectral angle mapping

(SAM) evaluation based on mean and standard deviation

FEAE LA B b, TR AR TE A BLREAR R ot Bl
294 0. 029, FRE2E 294 0. 01 5 XL M Py 4 vk Fn i 9
BRI e e R 0 S AR AR OT (B 43 i 0,092
0. 057, brifE 2% 43 %I 24 0.017 0. 0125 37 5 & B A
TR B A Tk e A S i 18 T ¥ A 43 5 R 0,103
0. 068 , 5 it 22 43 %1 24 0. 053 0. 018,

BAKE , YRR BOR R AR ROt
(B 5 v 25 015 J5 0 JC LR A9 8 M 3200, 45 SR 3%
B RE 0% 76 TH R 3o 72 rp 5 A i DR AE IR S AR k%
TR o PR SR FH SRR B0 X T A L RS AR

BEAT RO R e B 51
2.2 ETSVRHZFERYFEHRERERZBZER
A

SRy U U S8 7 22 VA AE 22 IR TR SR RUHE B R IE
TR ROR , ST R OGS A WG (SAM) 3 AG ¢ B
B WHNROE R OCIEIE AR IR FFRE Sy o anl&l 3b fr
7N BT TR | R S R 4 0 AR e G
EI KT 0.1°, 43 5 S 0.074°,0.062°,0.091° FI
0.086°, & W 4L 1E J5 1Y 5% & 16 615 R i O 15 J7 T
RIS A R 5 B2 5E 5 R 5

#E—25 S R G VP AL R T AL T A D [ A
IERE RN PERE 78 4 D EEAF IR T 2B
UG BEBOIE , I DA Be /)y — € % ( Partial least squares
regression , PLSR) B #L £ #k ( Random forest, RF) .BP
14 W 2% ( Back propagation neural network , BPNN)
VERXF AR (R 1) . 45 R, SVR 7ECHAET
Wi B .G R Al NIR 3B R* 435124 0. 920 0. 961
0.963.0.900; PLSR 1y R* 4> % & 0.873.0.855,
0.851.0. 826 ;RF [ R*4¥ %14 0. 900 .0. 860 .0. 870 .
0.840; BPNN ¥ R 43 %l 2 0.910.0.900 . 0.930 .
0.870, Z5HFKW], BT SVR g # i £ 1F 185 ARG B2
BT HABR A, GRS AR E A T LA



174 | 1 R = 2026 4
4 AU B 5 R ZE Sk 0.876, 0.836, 0.857, — 0.872 HiI

1 AMNBHEIEETHENKERE $8E
Tab.1 Performance of calibration models built by

four machine learning algorithms

) SVR PLSR RF BPNN
W B
R* RMSE R* RMSE R> RMSE R?> RMSE
0.920 0.097 0.873 0.159 0.900 0.162 0.910 0.133
G 0.961 0.081 0.855 0.272 0.860 0.211 0.900 0.153
R 0.963 0.072 0.851 0.301 0.870 0.260 0.930 0.109

NIR 0.900 0.140 0.826 0.177 0.840 0.147 0.870 0.204

2.3 RiGHEHFESERBLEERTL

AR GV AL O Rk 4R RS g R OM xS =
(SPAD) 2 [H] ) eI M, JE T Pearson A 5C R EUXT 12
T 3% 48 BOAE QB AR B O UEAT T M e M o by
(F4) B8 EXW  RFEAF B 5 SPAD 1 3% HH
K M BB S A SR A e B 22 5 . 7F
BT, I 8 AR E S SPAD B E A G (P <
0.05) , H:vh EVI F1 GI 2 3 HY &5 a8 () 1F A 56 1, M
KRBy R 0.797 Fi10.813;B 5 R I 5 5 4%
B A DG, A G R B0 i - 0,780 Fi - 0.792,
Z PRI, A DG A FE B & 9 4>, GNDVI NDVI
AEVI 7R 5 ARG, B A R AT 4 5 SAAH 5C, A0 G

MTVI
IPVI
EVI

GI

RVI
SAVI &
GNDVI

4

NDVI
NIR
R

G

B

*
4

*

*
*
L 2K 2

L 2

*

L 2R 2

*

*

LR 4
*
< *

*
AR IRIRIRIRIRIRIR IR 3

600000000

&
@
0,

SPAD
A
Y S

S8 ,
P IES R — |
-0.6 -03 0 0.3 0.6 0.9
(a) 15

&l
4@5
g

MTVI
IPVI
EVI| e
Gl
RVI
SAVI *
GNDVI L 2
NDVI
NIR ¢ * *
R L 4 *
G ¢ .
B LR AR L 4
SPAD & & & ¢ ¢ L 2K J *

R N S S s
SETOGIFE TGP
RN T ———
-0.3 0 0.3 0.6

OF +:2 ¢

- 0. 823 H M 1 2 AH G YRR AR Bk > & 8 AN Horp
GNDVI {55 8 i IE A OGP, B il R R 22 3R 3k i
T &, #OC R F 4 Bl o 0.7130 - 0.725 A
- 0. 728 AN 1 A O RRIE E— L BE 2 T A,
H & KRR G 5 B2 A7 P s 55 , RVI A NDVI 2 £ 22 0F
AHOCHEH, B Ay ME — I 35 1A DG A8 B, A OC R 003 )
430.591.0.578 £ —0.341, J&F FiR o, 972
e 4% A BT T SPAD Sz 38 A i 1k G HE 8
itk — 20 AR WO AR S EBACR M RRE T
B ARG R 45 A 5 AF T 2R TEA 5455 A 1 R 56
E BB i S g (5 ) o i 58, AL XG — Boost
BB A F WA R 15 48 B R IR AR
a7 IFHERE P HES o G55 WoR PN AR AR T B HE
JEAK ¥ i B . GNDVI NDVI, G SAVI R EVI GI; #i
fi#% G NDVI,B,SAVI GNDVI R EVI IPVI, GI;
WA B .G IPVI R . EVI NDVI GNDVI RVI;
B °% NDVI.G .GNDVI EVI B RVI . IPVI, /5 il
b AR AR B X L S R B (BT 6) , Y AR IE R
5 i, B R SRS Bk B R A, IR R = 0. 712,
RMSE 3} 0.281; 4 f# #1 R> = 0.814, RMSE }
0.222;JE3 ] R* =0.827, RMSE 3} 0. 253 ; i 24 31

MTVI
IPVI

EVI &
GI
RVI
SAVI
GNDVI
NDVI « & ,
NIR| + | e *
R
G * e
B .
SPAD + & & & & o & o .
@x@&é\ @@;%x@igé $ G %z N
AR
-0.3 0 0.3 0.6 0.9
(b) A
MTVI
IPVI
EVI
GI
RVI
SAVI 3
GNDVI
NDVI *
NIR oo
R *
G * L 2R 2R 2
Ble|o[s]® <
SPAD * *
@&%@\é\ @é\%@\@i&\ $ O % o
S s
P S | — |
-0.3 0 0.3 0.6 0.9
(d) P

M4 AT AE PGS S5 4 T SPAD {HAAHC R H

Fig.4 Correlation coefficients between spectral indices and chlorophyll SPAD values at different growth periods
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