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Estimation of Leaf Water Content of Winter Wheat Based
on Vegetation Index Feature Optimization
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(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest
A&.F University, Yangling, Shaanxi 712100, China)

Abstract: Estimation of the leal water content (LWC) plays an important role in field irrigation man-
agement. This study aimed to estimate the LWC of winter wheat based on hyperspectral data of leaf
blades, especially focusing on the effect of different variable screening methods and growth stages on
the estimation model. Research data were obtained from field trials in 2022 and 2023 at the booting,
heading, and grain-filling stages. Vegetation indices were constructed for each growth stage by combi-
ning the two bands. Tthe input characteristic variables based on vegetation indices were screened by
two methods: (I) the input characteristic variables were directly obtained by ranking the correlation
coefficients; (IID based on the method I, the vegetation index was further screened by the RelieflF al-
gorithm to obtain a second set of input characteristic variables. The LWC estimation models were
constructed using random forest (RF), long short-term memory (LSTM) network and back propaga-
tion neural network (BPNN) based on particle swarm optimization (PSO). The best method for esti-
mating LWC was derived by comparing the accuracy of the models. The results showed that compa-

ring the two variable screening methods, the characteristic variables further screened by ReliefF could
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effectively improve the accuracy of the LSTM and PSO-BPNN models, while the effect of improving

the RF model is not obvious. The best model for each growth stage was established by the ReliefF

screening method combined with the PSO-BPNN, at the booting stage, heading stage and grain-filling
stage. The r* of the validation set was 0. 816, 0. 736, and 0. 806, respectively, and the RMSE was 0. 546 % ,
0.899%, and 1.531%, respectively, and the NRMSE was 0. 681%, 1.195%, and 2. 185%, respec-
tively. It was suggested that the screening method of feature variables through the ReliefF algorithm

could improve its estimation accuracy in the particular model. Its combination with the PSO-BPNN

model had the best application effect in the estimation of LWC in winter wheat at the growth stages.

Keywords: Winter wheat; Leaf moisture content; Machine learning; Variable screening; Vegetation
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Table 1 Vegetation indices and their calculation formulas

B R B NIRC AN 27 ik
Vegetation index Computational formula Reference
Itatﬁfﬁvzifﬁm index, RVI RVI=R:/R; [21]
gﬁ%fﬁfﬁﬁffg vegetation index, EVI2 EVIZ=2.5X(R; =R;)/(R: +2.4XR,; +1) [22]
S ot kool edge index, NDRE NDRE=(R; —R;)/(R: +R;) [23]
22 LR B 3 DVI=R, —R, [24]

Difference vegetation index, DVI
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Fig. 1 Changes of leaf water content of

winter wheat at different growth stages
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Fig. 2 Spectral response curves of winter wheat leaves at different growth stages
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Table 2 Vegetation index of the top 5 correlation ranking at different growth stages

21781 Booting stage A Heading stage HEH W Filling stage
MBS | WBLA s WEAE MR WAL
Vegetation index Band combination Vegetation index Band combination Vegetation index Band combination
RVI 0.724 926 nm, 955 nm RVI 0.736 907 nm, 939 nm EVI2 0.798 838 nm, 948 nm
NDRE 0.723 926 nm, 955 nm NDRE 0.736 907 nm, 939 nm EVI2 0.797 856 nm, 948 nm
RVI 0.723 926 nm, 954 nm RVI 0.733 898 nm,943 nm EVI2 0.797 867 nm, 936 nm
NDRE 0.723 926 nm, 954 nm NDRE 0.733 898 nm,943 nm EVI2 0.796 868 nm, 936 nm
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RVI 0.720 926 nm, 964 nm RVI 0.732 897 nm, 939 nm EVI2 0. 837 nm, 948 nm
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Fig. 3 Correlation matrix between vegetation index and leaf water content at different growth stages
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Fig. 4 Feature weights of screened vegetation indices at different wheat growth stages
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Table 3  Vegetation index of the top 5 in the ranking of feature weights at different growth stages

21181 Booting stage

A Heading stage

WM Filling stage

LRI SRS

Vegetation index

Irl

BBHE

Band combination Vegetation index

6 %

BB G

[

Band combination Vegetation index

BBHE

Band combination

NDRE

NDRE

NDRE

NDRE

NDRE

0.703

0.703

0.703

0.702

0.699

880 nm, 971 nm DVI
881 nm, 973 nm NDRE
884 nm, 972 nm RVI
880 nm, 972 nm NDRE
881 nm, 971 nm RVI

0.623 923 nm, 934 nm
0.725 907 nm, 960 nm
0.725 907 nm, 960 nm
0.724 907 nm, 959 nm
0.724 907 nm, 959 nm

L
NDRE 0.776
RVI 0.776
EVI2 0.781
NDRE 0.765
EVI2 0.791

856 nm, 916 nm
856 nm, 916 nm
867 nm, 929 nm
884 nm, 936 nm

831 nm, 948 nm




.- 240 - #OK ME W ¥ R 5545 %
U5 RS B YA R T ICR , HLARE i R N, Horp g 0.129% ,NRMSE 435I F [ 0. 064 % 1 0. 162 % ; i

L 2 0. 803 2T 0. 805. W iEAEH ~* M
0.748 T+ = 0. 761, RMSE fl NRMSE ] /)N Ii&
TR s 2R 3 T ReliefF 553 0 6 19 A8 4L
T 50 TE 5 oW B2 T AR OGPk o0 A 45 R A A AR
KR IR B4R T AR R AR R IE AR Y o A
fhis s b 2 23511k 0. 769 1 0. 773, RMSE 43 4
g 0.619% H1 0. 600% , NRMSE 43 5124 0. 771 % Fi
0. 749 Y s A A ABE 235 2R ) 5 29 REUBT A I, Relief F
AAE AR T ARG FE R AR , L A GG IE
LR RAEM AL R »* 200 0. 734 1 0. 684,
RMSE 434l 2 0. 854 % i1 0. 982 % , NRMSE 43 51|}y
1.133% 0 1. 305% ., AR F , ReliefF 5% Xt
RF B Ak 550 0 7 3 7K S K B 09 48 T 28021 A 1
8, A B B AR RORG B AR AL TE R
2.3.2 A FLSTM BAEMGEHELNE K AKRE
BT A S iy B A LSTM B2 A,
MATE AR B ok A, AL A AR fb 5 RF R 25
SRR [ o A5 A 30 L 2 7 300 R SR IS B2 v T il A
HIRS B (L 6) @uir ReliefF 53 iifi 1% f5 1 2%
Y7 X LSTM 58 AURE B2 A 454> A= & I 3
AERTHROR o 2 B A B R IR - 43 5
T+ 0. 046 A1 0. 115, RMSE 435 T [ 0. 052 % F0

W R E MBI 2 4 TE 0. 111 F1 0. 093,
RMSE 435l T B 0. 169 % 1 0. 124 % , NRMSE 43
SRR 0. 224 % F1 0. 164 %4 5 FE 5 37 H A4 FIB6IE
£ 2 4R T 0. 050 AT 0. 047 ,RMSE 73 5 F %
0.145% 1 0. 205% , NRMSE 43 %] F K& 0. 206 %
F10.293% ., HULAT1E, 8 i ReliefF 5875 X458 48
BB VA BT LSTM B (4 £l RS 2
2.3.3 4 F PSO-BPNN # & & H & s & vt K
SR E
BT W 2 AR B4 i A # PSO-BPNN 45

o 1l it ReliefF 55 fifi & 19 28 i 4 5 7E PSO-
BPNN 158 5 it G 450 42 0 05 iF 4 AR 45 SR 1 ] T 2
T AH S 43 B 0 45 R, R W Reliefl F 5L X 4R E
A48 B0 e A B T4 85 PSO-BPNIN H5 AU (i i 54
K e (B 7, o e BRI AR TR IESR - 43 5]
A 0. 783 F11 0. 816, RMSE 435I >4 0. 585 % 1 0. 546 %
NRMSE 43514 0. 729 % 1 0. 681 %4 ; 4 el ] 2 A
EFNIAEEE »* 5359104 0. 768 F1 0. 736 , RMSE 43 4]
J 0,803 % F1 0. 899 % . NRMSE 43 %1 4 1. 065 % Fl
1. 195 %0 s EIR I AL 4R AN UE 42 % 43 31k 0. 813
F1 0. 806, RMSE 43l 24 1. 526 % 1 1. 531%,
NRMSE 435/ 2. 169 % 1 2. 185% .,

o BHELE Trainingset A BHJFAE Validation set —— FEME4E Training set  ------ ISYF4E Validation set --1:14% 1:1line
2 . B Training set o B Training set o 78, EIREE Training set
B 2 g4l 5-0.663x+27.032 o8 $=0.629x+27.908 L & 7015=0.705x+20.678
8 97 [12=0.769, RMSE=0.619/% ..’ S gl =0.701,RMSE=0.913/% .’ 8 | 7=0.803,RMSE=1.597/% _ s
g B P 2 78 275 C)
5§ | NRMSE=0.771% S NRMSE=1.210% 495 S [ NRMSE=2.271% ‘
£ 328 g 76} - *
T2 g 2 60
: .
g-gso . £ 740 Ly 2 o
= " 35IE4E Validation set = A O = 66r 5 m‘o%ﬁlﬁ% Validation set
? g 78 Etd e RMSTa0.613/% e R e & e S RMS 1. 738/%
= | - _ — — _ o, = .-
Eal igg NRMSEZ0.765% ’ % ’ KRN R ML 0.982/% igg 63 NRMSEZ2.481% ’
K 78 80 82 84 72 74 76 78 63 66 69 72 75 78
' SE{E Observed value/% LW {E Observed value/% SL{E Observed value/%
Traini t FAE4E Training set B Training set
EE ;%%6%6&3?%%“ S [3=0.691x+23.200 X T8 \0748x+17.698
2 #=0.754,RMSE=0.639/% 2 78}7°=0.734,RMSE=0.854/% 2 75| 7=0.805,RMSE=1.555/%
'S | NRMSES0.796% o ® 8 |NRMSE-1133% § 7] NRMSE=2211% ‘
Ao
= 382 % 3 76} ® 720
= é é é 69 ®
= . N )
& Z 80 , 2 T4, g s
o i
,]E AP IGUEL Validation set E 7 .-‘. y—O 6.33%}13;% \51311dat10n set a 66 oy y.—(: 732%}1156%;7211‘13“0“ set
B8l et R sEo0 600 B r’=0.646,RMSE=1.039/% & ¢3{ 4"  7=0.761,RMSE=1.696/%
"E d NRMSE=0.749% E NRMSE=1.381% 'E R NRMSE 2.421%
78 80 82 84 72 74 76 78 63 66 69 72 75 78
W E Observed value/% W {H Observed value/% SPIMH Observed value/%
Zu$E 4 Booting stage #FEH Heading stage BEN I Filling stage
Bs5s EFRFEZENEHREKEGEER

Fig. 5 Estimation model of water content in winter wheat leaves based on RF
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Fig. 6 Estimation model of water content in winter wheat leaves based on LSTM
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Fig.7 Estimation model of water content in winter wheat leaves based on PSO-BPNN
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