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Abstract: Using multispectral remote sensing images acquired by drones, spectral reflectance extraction and
vegelation index construction were performed, followed by a correlation analysis with SPAD values. Spectral reflec-
tance and vegetation indices with significant correlation were used as input variables to construct inversion models
for different growth stages using Partial Least Squares(PLS), Random Forest Regression(RF), Firefly Algorithm—opti-
mized Random Forest Regression(FA-RF), and Particle Swarm Optimization—optimized Random Forest Regression
(PSO—-RF). The results showed that for the traditional linear regression model, using band reflectance values as the
model input variable yields better simulation accuracy. For the machine learning models, using vegetation indices as
input variables provides better simulation accuracy. Comparing the comprehensive evaluation indicators of the four
models, it was found that the PSO-RF model, with vegetation indices as input variables, is more suitable for invert-
ing SPAD values of spring corn at different growth stages. The R* values for the joint validation sets during the joint-
ing, tasseling, and filling stages were 0.914, 0.901, and 0.928, respectively, with RPD values of 2.355, 2.543, and
2.655.
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Fig.1  Schematic diagram of the study area
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Fig.2  Experimental layout of irrigation plots
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Table 1  Vegetation index
T B AR CHRT S
Vegetation index Formula Reference number
I3 LA BEHE 2L NDVI NDVI=(Ruw—R) /(Rsu+R) [14]
2L IS ZHE 4L CIRE CIRE=Ru/Ri.~1 [15]
I HEEL OSAVI OSAVI=1.16(Rxu—R)/(Ryi+R+0.16) [16]
e AT B8 AL RVI RVI= Ruw/R [17]
07— AL B R GNDVI GNDVI=(Ryi—Ro)/(Rin-Re) [18]
VEI A R EL NRI NRI=(R—R)/(R-+R) [19]
AL LT A B FE 4L NDRE NDRE=(Rvr—Rr.)/(Ryw+Re.) [20]
ufﬁ“‘l’ﬁ%*ﬁﬁ LCI LCI:(RVIIK_RR.-)/(RVII(+R) [21]

TE: Re R Ro R R 3 50 WG B (£G5B 0 B (L B 2181 BL

Note: Ry, R, Rc, Rr., Ry refer to the blue band, red band, green band, red—edge band, and near—infrared band, respectively.

&2 SPADfEHALT
Table 2 Characteristics of SPAD value samples

HRIB FEAAEL i FHME brifii2E 5 5 (%)
Growth stage Sample size Range Average value Standard Coefficient
deviation of variation
P 45 39.4~57.9 48.65 335 6.87
HliERA 45 45.0~65.3 51.12 3.87 7.57
T 45 48.3~722 60.14 5.78 9.61
1.6 HEMESHE fEJ1(1%13).

161 Apigh =ik
I e /)N € 1 (Partial least squares , PLS)J&—Fft
Gtk T AL B2 M RN e 4EARAE B A
o KNI TR ARSI AT 7 A AR
SEEE NN AR L P R SR >
1.6.2 MALAM =2

Fifi H1L 2% AR [7] 15 (Random forest regression, RF) J&
—FHLAR 2 2 Ak . I [ Bk (bootstrap) A IR
YIS R BEHLIMAR TS B n M EEAS (AR RR AR 4R
A N ST R DR SRR AR I A T T, e JS AR
ARELE IR I RS B R A R O A5 R gt
B S IR 22 530, ] 10,.=500  m=5 F4
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#7 K BB (Fire—fly algorithm, FA) & —Fl 3 T
N BRAT N 03 R IR RE RS 1 1y X 22
g R BRI 2 Pk pR AR A AR ) R, X S80I 44
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Fig.6  Vegetation index and SPAD inversion model
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