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Abstract: To address the limitations of existing wheat biomass estimation models, such as insufficient
generalizability in field environments and discontinuity in application due to growth-stage-specific
modeling, this study focused on winter wheat from the jointing to filling stages in Henan Province.
Multi-spectral UAV data were used to construct a 34-dimensional feature set, including reflectance
from 10 spectral bands, 15 vegetation indices, 8 texture features, and quantified growth stages(joint-
ing=1, booting=2, filling=3). Features were selected through correlation analysis(ranked by abso-
lute correlation coefficient values), and four machine learning algorithms—Linear Regression(LR),
Random Forest(RF), LightGBM, and K-Nearest Neighbors Regression (KNN)—were employed to

develop a unified model for estimating above-ground biomass(AGB) across multiple growth stages.
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Model parameters were optimized by progressively increasing the number of input features. The re-
sults showed that the quantified growth stage had the highest correlation with AGB(correlation coeffi-
cient of 0.80), while the near-infrared band and the red-edge 740 nm band were identified as critical
spectral features(with correlation coefficients of 0. 48 and 0. 44, respectively). The Random Forest
(RF) model achieved the highest accuracy with 18 input features(growth stage + 2 band reflectance
values + 8 vegetation indices + 7 texture features), with a coefficient of determination(R?*) of 0. 87,
a root mean square error (RMSE) of 291. 2 g * m *, and a normalized root mean square error
(nRMSE) of 12. 8% on the test set. These findings demonstrate that a unified model for estimating
AGB in winter wheat across multiple growth stages can be constructed using multi-spectral UAV data

and field samples. This approach significantly enhances the model’s generalizability in practical field

production environments and effectively addresses application challenges during transitional growth

stages.
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Fig. 1

Study area and ground sampling sites
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Table 1 Band setting of multispectral camera
% Bt Band K Wavelength/nm % BE Band WAL H Wavelength/nm
% BLUE 475+16.0 Wi-444 BLUE-444 4444140
%k GREEN 560+13.5 £%-530 GREEN-530 531+£7.0
21 RED 668=+E7.0 £1-650 RED-650 650+8.0
WL LL4h NIR 842428.5 £131-705 RED_EDGE-705 705+5.0
2131 RED_EDGE 717£6.0 21#1-740 RED_EDGE-740 740£9.0
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Table 2 Above-ground biomass sampling information

Mo F A AGB/ (g » m—2)

HIMA-H) A EER=ing ] FEARL
Date(month-day) Location Growth stage Samples VR Average  F/ME Min, B fd Max,
3-14 P4 B Xiping #H5 Jointing 24 358. 1 112.6 641.1
3-27 ® B Xunxian AT Jointing 32 267.8 72.4 617.6
4-26 ®# B Xunxian Za 3] Booting 32 989. 1 489.9 1730.3
5-12 R E Xunxian I Filling 24 1483.7 824. 7 2 482.0
SR Total 112 753.8 72. 4 2 482.0
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Table 3 Vegetation indices used in this study

FE B FE B Vegetation index 15 A Computational formula £% R Reference

P AR M B 15 4L DVI NIR-RED [14]
BB PE R EVI 2.5X (NIR—RED) /(NIR+6. 0 X RED—7. 5 X BLUE+1) [13]

2338 15 1 9 5 GNDVI (NIR—GREEN)/(NIR+ GREEN) [14]
g HE U — Ak A B R B MINLI [(NIR? —RED)(1+0. 5)]/(NIR? +RED+0. 5) [21]
+ R B R B A4S B MSAVI 0.5X{2XNIR+1—[(2XNIR+1)2—8X (NIR—RED) %5} 8]
R E 21300 FE {8 AR 46 B MSR (NIR/RED—1)/( NIR/RED)®*+1) [8]
H— LA 6 % NDVI (NIR—RED)/(NIR+RED) [8]
AL 45 bR 45 £ NLI (NIR? —RED) /(NIR?+RED) [22]

- B R B R B OSAVI (NIR—RED) /(NIR+RED+-0. 16) [8]
i IH — LA B4R $ RDVI (NIR—RED) /(NIR+RED) %> [13]
HE AR A #4682 RVI NIR/RED [14]

VA - M R A B AR AL SAVI ((NIR—RED) /(NIR+RED+-0. 5) (14+0. 5) [13]
(6 1F = f b B FS 8 MTV 1.5><[1.zx<NIR—(}(}Z§E§%1%iéé}é@)—j(ﬁf}?\éil/{[<2xNIRH)Z— 147
B 2R 3R AR LR B GCT NIR/GREEN—1 [14]
LI SRR AR RECI NIR/RE—1 [23]

A X RED.GREEN,BLUE NIR Fil RE 43 5ICREL 4% i I 2040 A 40300 i B iy S 4 2
RED, GREEN, BLUE, NIR, and RE in the calculation formula represent the reflectance in the red, green, blue, near infrared, and

red edge bands, respectively.
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Table 4 Correlation analysis results of wheat AGB and features

AR AR 7 LT AR AR LT AR AR B LEEE
Feature Correlation coefficient Feature Correlation coefficient Feature Correlation coefficient
HF Y Growth stage 0.80" MNLI 0.42*~ Mean 0.17
ZBr#E Second moment 0.51° MTVI 0.417° " RED_EDGE-705 0.14
i Entropy —0.51" SAVI 0.41% " MSR 0.13
77 2% Variance —0.50" " RDVI 0.40"~ GNDVI 0.13
XF B Contrast —0.50" MSAVI 0.39"" BLUE 0.13
M5 Dissimilarity —0.50** OSAVI 0.34** RVI 0.11
[ Ji % Homogeneity 0.50" NLI 0.27"" GREEN-531 0.10
M Xt Correlation 0.49" " RECI 0.26" RED-650 0.05
NIR 0.48** RED_EDGE 0.21 GCI —0.03
DVI 0.45" " NDVI 0.19 RED 0.03
RED_EDGE-740 0.44" GREEN 0.19
EVI 0.43" BLUE-444 0.18
x % P<C0.01.
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IR AT A5 15 AGB B9 4 K 5 0 B,
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Fig. 4 Estimation result distribution of above-ground biomass of winter wheat in field( Unit:g + m™?)
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