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Prediction of Wheat Grain Protein Content Based on

Vegetation Indices and Texture Features

DU Bingxiao, ZHENG Dasheng, YE Yulan,CUI Zhifeng, YANG Lulu, LIANG Nannan, WANG Rui
(College of Agronomy,Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To achieve rapid pre-harvest prediction of grain protein content(GPC) in winter wheat, this
study developed an indirect prediction method integrating multispectral vegetation indices and texture
features. Based on nitrogen fertilization experiments and spectral data collected from 2022 to 2024,
texture parameters were extracted using Gray-level co-occurrence matrix(GLCM). Leaf nitrogen con-
tent(LNC) served as the critical intermediary to link spectral models with GPC, establishing a multi-
spectral-based prediction model for winter wheat GPC. The results demonstrated that during the early
grain-filling stage. vegetation indices combined with soil-background-filtered texture features achieved
optimal LNC estimation. The exponential model y =0. 281exp (0. 097x), showed superior perform-
ance(r*=0, 787, RMSE=0. 221 g « kg™ ') ; significant correlations were observed between LNC and
GPC across key growth stages, with correlation coefficients of 0. 780 Canthesis), 0.810(early grain-
filling) , 0. 704 (mid-grain-filling) , and 0. 714 (late grain-filling) ; the exponential model y=7. 160exp
(0.018x), developed using early grain-filling stage data, achieved the highest GPC prediction accura-
cy [##=0.697, RMSE=0.096 g + (100 g) ']. The established early grain-filling stage GPC predic-
tion model enhances field management optimization, enables grain quality classification, and provides

technical support for applying remote sensing technology in high-quality wheat production and preci-
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sion agriculture.

Keywords: Winter wheat; Leaf nitrogen content; Grain protein content; Vegetation indices; Texture

features; Prediction model
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Table 1 Vegetation index calculation formulas

FH L8 8 Vegetation index

N3 Formula

ifif KA B3 AL ARV
ZAEM PR EL DV
WA R A EVI
L0 7 — 4k 22 S LB R 40 GNDVI
VA — Ak 22 5 20 AT 4 46 8L NDRE
U7 — 1k 2 S LB FE 40 NDVI
Ak B - B 5 R B FE B OSAVI
LA B4 8 RVI
- S TR R B SAVI
I T 43R 3R LCT

[NIR—(2R—B)J/[NIR+ (2R—B) |
NIR—R
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(NIR—R)/(NIR+R)
(NIR—R)/(NIR+R-+0. 16)
NIR/R
[(NIR—R)/(NIR+R+L)J(1+L)
(NIR—RE)/(NIR+R)

B.G.R.RE Il NIR 4 IR 0 (4% (20 2000 RE 2040 I B R 5 3R L L o 38R 45 R4

B, G, R, RE and NIR represent the reflectance in blue, green, red, red-edge and near infrared bands, respectively, and L repre-

sents the soil adjustment factor.
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AS: Anthesis stage; IFS: Initial filling stage; MFS: Mid-
grain-filling stage; LFS: Later grain-filling stage; MS. Maturity
stage. The same in figure 2.
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Fig. 1 Variation in leaf nitrogen content of winter

wheat at different growth stages

®2 EREHSMEHRFEASENEXE
Table 2 Correlation between vegetation
index(VI) and leaf nitrogen content of wheat

o

)fﬁ*)%ff' H AS IFS MFS PFS
ARVI 0.714% " 0.806* 0.782**  0.645"*
DVI 0.756" * 0.791** 0.731**  0.312*"*

SAVI 0.759** 0.800* * 0.745" " 0.523* "
RVI 0.739** 0.807 "~ 0.770"* 0.634" "
OSAVI 0.756" " 0.804 "~ 0.763" " 0.631" "

NDVI  0.734**  0.800""  0.772°°  0.629" "
GNDVI  0.779"*  0.842""  0.783""  0.535" "
NDRE ~ 0.792°°  0.865"*  0.830""  0.552" "
LCI 0.734" " 0.800" " —0.257°*  0.629""
EVI 0.759" "  0.804"°  0.761°°  0.604" "

x % :P<C0.01. AS:HF4EW; TFS. MKW ; MFS. #E3
W15 LES:WESEH; MS: . % 3.

% % P <70, 01. AS: Anthesis stage; IFS: Initial filling
stage; MFS: Mid-grain-filling stage; LFS: Later grain-filling
stage; MS: Maturity stage. The same in table 3.
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Fig.2 Correlation analyses between textural features and leaf nitrogen content of wheat
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Table 3 Model optimization and validation of winter wheat leaf nitrogen content using diverse feature parameters
i 391 FE AT 580 i HKiE Modeling set KHIE4E Validation set
Stage Parameter Model 2 RMSE/ (g » kg 1) -2 RMSE/ (g » kg 1)
AS NDRE y=17.709—52. 8292 +113. 360x% 0. 640 5.475 0.532 4.989
ARVI-MEA-S y=15.982—0. 7492 +0. 02722 0. 646 5.430 0. 648 4.365
ARVI-MEA-R y=20.632—1. 1582 1+0. 03522 0.647 5.418 0.642 4.381
IFS NDRE ¥ =6.329exp (3.0232) 0.781 0.224 0.768 3.898
NDRE-MEA-S y=0.324exp (0.094x) 0.777 0.226 0.752 3.965
NDRE-MEA-R y=0.28lexp (0.097x) 0.787 0.221 0. 764 3.891
MFS NDRE y=2.541exp (5.174x) 0.775 0.292 0.696 2.626
NDRE-MEA-S y=1.313exp (0.058x) 0.775 0.292 0.696 2.625
NDRE-MEA-R y=1.313exp (0.058x) 0.778 0. 280 0.696 2.625
LFS ARVI y=0.953exp (7.682e—006x) 0.531 0. 287 0.364 1.423
ARVI-COR-S y=1.678exp (3.551x) 0.564 0.553 0.474 1. 400
ARVI-COR-R y=1.722exp (3. 468x) 0.553 0. 280 0. 464 1. 405

A A T I 0D B R BT R R S B T SR SRR (-S) 55 5 Bk ST SR SO IE CR) .

The data at each growth stage include vegetation index, unfiltered soil background texture features(-S), and filtered soil background

texture features(-R).

R TR AR I, U ek BSOS R A T Al e BRR AR
R SRR Y * 5 43 BITE 0. 640~0. 647,
0.532~0. 648; H.Ax A= B 1 45 55 ok FOBE A4 T
A, pR OB 5 AN ] A8 7 B 30 v, 98 3 400 1
S A R A AR RN B GEAE Y ° TR F) 0. 775~
0.787.0.696~0. 768, = T HABEFHH, — & &
A DAAR S b 3000 4 /N2 g R A
2.4 ZNEMHRRSESHNEARSENHEXME
A OGP A3 A, A /N TE AR HE SR T
TR 3R v LRI O 5 0Tt R i S B AR
A i Y B 3 OE A G (P <<0. 01) , A K
ZHUr M 0. 780,0. 810,0. 704 F1 0. 714, 13 B
& B R B R SRR B S B AR )

KA Ho A /NZETT AR HE ST I S
AR F R A S PR B, B
LHE P AL R 20 3% DA I B T 7 2% 9 1) AR 5 3 5 T O
T IR I R RCR e ds 2 5 . i R R
B RN R LSRR B P R A G P A
Bz TR, PRl F A SR 0 00 ik R R S R
KL R i AT AU S A RO B
2.5 ETRESH-MHRESE-NFHNEARS
ERBNEE

F T OT AE S0 L9 3 PP 3 O SR AR R R
JoE 5 AH S P AR T 9 S 200 30, LR S o 490 el L
ARG 3ty 50 26 /N A2 W i 0 A DR T SR R
W e 2 RO kR 8 B S AT GG 4)

R4 HMERESHE-HAESE-HHNEOARSEER

Table 4 Establishment of spectral parameters-leaf nitrogen content-grain protein content predictive model

S LA e AL 7 M 2%

Parameter Model r2 RMSE/[g+ (100 g) 1]

VI-LNC-GPC y=0.191x+6. 686 0. 681 1. 044

y=0.274 -+ 3.540log(z) 0.661 1.076

y=14.116—57.732/x 0.619 1. 140

y=6.839+0.1732+0. 000422 0.679 1.047

y=7.184exp(0.018x) 0.692 0.097

VTS-LNC-GPC y=0.192x+6.655 0.683 1. 041

y=0.200+3. 564log(x) 0.661 1.076

y=14.133—58.150/x 0.618 1.142

y=6.9934+0. 1532 +0. 0012 0. 681 1. 044

y=7.163exp(0. 018x) 0. 693 0.097

VTR-LNC-GPC y=0.192x+6.651 0. 686 1.036

y=0.21243. 560log(x) 0. 664 1.072

y=14.125—57.970/x 0.620 1. 140

y=7.035+0.148x+ 0.001x? 0. 685 1.038

y=7.160exp(0. 018x) 0.697 0.096

VI AR E VTS R B+ HETS 5T QO ARE ; VIR 5 Bk + 3

S SUARE s LNC: ity &8 i GPC AT R 11 T & 4k,

V1. Vegetation index; VTS: Vegetation index-textural features-unfiltered soil background; VTR: Vegetation index-textural fea-

tures-filtered soil background; LNC: Leaf nitrogen content; GPC: Grain protein content.
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models using multispectral feature parameters
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