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Measurement of Temporal Wheat Grain Filling Rate
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Abstract: To understand the effect of high-throughput non-destructive monitoring of wheat grain fill-
ing rate(GFR) based on UAV multi-spectral, 565 wheat germplasm accessions were used as experi-
mental materials over two growing seasons (2022 and 2023). UAVs were used to collect temporal
spectral vegetation indices (SVIs) during the grain filling period, along with synchronized measure-
ments of grain weight. The logistic function was applied to fit the dynamic changes between SVIs and
grain weight, and the red-edge chlorophyll index(CIRE) was identified as the SVI most closely related
to GFR. Machine learning models, including Random Forest Regressor(RFR), Support Vector Re-

gression(SVR), and Linear Regression(LLR), were constructed to predict GFR, and their performance
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was evaluated using r* and RMSE. The results showed that the r* values of the logistic fitting dynam-
ic curves between SVIs and measured grain weight reached 0. 87 and 0. 92, respectively. The dynamic
change rate of CIRE exhibited a significantly positive correlation with GFR(»=0.4—0. 43, P<{0. 05).
Among the models, RFR demonstrated the best predictive performance, with r* values of 0. 88 and
0. 89 and RMSE values of 0. 27 and 0. 32 for the full datasets in 2022 and 2023, respectively, signifi-
cantly outperforming SVR and LR. Similarly, RFR achieved higher prediction accuracy and generali-
zation capability in specific genotype datasets. Therefore, based on UAV multi-spectral data, the

wheat grain filling rate was monitored by combining CIRE and RFR with high-precision and high-

throughout. This method provides essential technical support for the evaluation of wheat germplasm

resources and breeding for stress resistance.
Keywords: Wheat;
(UAV)
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Table 2 Selected SVIs in the experiment
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NIR: Near infrared band; RE: Red edge band; R: Red light band; G: Green light band.
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Fig. 3 Fitting results based on measured grain weight
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Table 4 Results of statistical analysis for different measured grain refitting parameters

fEHR 28 G I5e /M e KAH BEofic % F{H
Index Parameter Year Minimum Maximum Average Variance F value
GER Vo 2022 14. 96 32.93 24, 77+3. 47 12.02 1.58
2023 14. 01 35.42 24.4043.50 12. 26
Tonae/(C o ) 2022 0.73 0.82 0.7820.02 0 38. 85
2023 0.74 0. 86 0.7940.02 0
Vo 2022 9.58 21.07 15. 8542, 22 4.92 1.59
2023 8.97 22.67 15.61+£2.24 5.02
T, /(C « d 2022 1403.73 889. 69 621. 20462, 26 3 876.72 0.56
2023 415. 68 924.58 616.18+90. 50 8 190. 78
"""" RGFR  RGFRI 2022 0.69 L6l 113+0.17 003 1.7
2023 0.62 2.13 1.15+0. 27 0.07
RGFR2 2022 1.15 5. 06 2.797%0. 64 0. 41 0.24
2023 1.27 5. 77 2.8240.80 0.63
RGFR3 2022 0.06 0.48 0.2240.07 0.01 0.05
2023 0. 04 0.55 0.2240.09 0.01
RGFR 2022 3.13 17.65 8.942. 46 6. 05 111
2023 3.40 23.91 9.21+3.31 10. 94
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RGFR1 RGFR2 RGFR3 RGFR Vmax Tmax CIRE_RV1 CIRE_RV2 CIRE_RV3 CIRE_.RV  CIRE_Vmax  CIRE_Tmax
20 Corr: 0.645** | Corr: —0.440***  Corr: 0.698*** = Corr: 0.554*** | Corr: -0.200*** = Corr: 0.157*** | Corr: 0.091. Corr: 0.044 Corr: 0.093* Corr: 0.048 Corr: 0.129** 5
12 22 year: 0.585**22 year: —0.292** 22 year: 0.631***22 year: 0.508***22 year: -0.085 |22 year: 0.212**| 22 year: —0.002 22 year: —0.137*|22 year: -0.022| 22 year: 0.036 | 22 year: 0.171* S-'n)
5 23 year: 0.685**"23 year: —0.515**23 year: 0.736*** 23 year: 0.616***)3 year: —0.284**| 23 year: 0.135* | 23 year: 0.119. 23 year: 0.094 |23 year: 0.122. | 23 year: 0.060 | 23 year: 0.158* 3
Corr: 0.344***  Corr: 0.993***  Corr: 0.276*** | Corr: 0.521*** | Corr: 0.446** | Corr: 0.396***  Corr: 0.260* | Corr: 0.378"** Corr: 0.088. Corr: 0.355"* o
22 year: 0.564***22 year: 0.995* 22 year: 0.172* 22 year: 0.713**22 year: 0.520"*%22 year: 0.390** 22 year: 0.084 22 year: 0.364**" 22 year: -0.039 |22 year: 0.535*"3
[N

23 year: 0.204** 23 year: 0.993** 23 year: 0.361**23 year: 0.423"**23 year: 0.398*"23 year: 0.411***23 year: 0.336***23 year: 0.403**% 23 year: 0.137" |23 year: 0.487***
Corr: 0.285***  Corr: -0.304***  Corr: 0.925** | Corr: 0.337** | Corr: 0.375***  Corr: 0.277*** | Corr: 0.344™* Corr: 0.019 Corr: 0.298"* o

22 year: 0.522***22 year: —0.263** 22 year: 0.964***22 year: 0.426**"|22 year: 0.494***22 year: 0.257***22 year: 0.482** 22 year: -0.113. 22 year: 0.491""%’

23 year: 0.144* 13 year: -0.341**23 year: 0.950"*%23 year: 0.269**23 year: 0.341*** 23 year: 0.294***23 year: 0.312** 23 year: 0.068 |23 year: 0.349*”3

Corr: 0.308*** | Corr: 0.468"* = Corr: 0.421*** | Corr: 0.379***  Corr: 0.250"** | Corr: 0.366"* Corr: 0.089. Corr: 0.350***
22 year: 0.208*" 22 year: 0.667**(22 year: 0.503*%22 year: 0.371" 22 year: 0.070 22 year: 0.344*™ 22 year: -0.024 22 year: 0.517”‘“§n)
23 year: 0.390***23 year: 0.361**%23 year: 0.369*23 year: 0.393*23 year: 0.321***23 year: 0.388"** 23 year: 0.135" 23 year: 0.462*** @
Corr: -0.206*** | Corr: 0.085. Corr: -0.080.  Corr: -0.107* | Corr: -0.091. | Corr: -0.138**  Corr: —0.011 =
22 year: -0.185™ 22 year: 0.167* | 22 year: —0.098 22 year: -0.206** 22 year: -0.117.22 year: —0.357** 22 year: 0.123. a
D3 year: -0.206*| 23 year: —0.008 | 23 year: -0.081 23 year: -0.075 |23 year: —0.086 23 year: -0.074 | 23 year: —0.056 *

Corr: 0.429** | Corr: 0.411***  Corr: 0.290*** | Corr: 0.391"** | Corr: -0.033 | Corr: 0.517***
22 year: 0.511**%22 year: 0.516"* 22 year: 0.235**22 year: 0.498**" 22 year: -0.119. 22 year: 0.563"* 3
23 year: 0.357*23 year: 0.413** 23 year: 0.353***23 year: 0.378" 23 year: 0.081 |23 year: 0.438*" %
Corr: 0.311***  Corr: -0.027 Corr: 0.281*** | Corr: -0.137** | Corr: 0.715*** %
22 year: 0.442*** 22 year: —0.169* 22 year: 0.396**22 year: —0.256**22 year: 0.970“*||'“
23 year: 0.286*** 23 year: 0.053 23 year: 0.270"*%23 year: -0.076 |23 year: 0.832*** E
3
Corr: 0.939™* | Corr: 0.990* | Corr: 0.620*** | Corr: 0.448"** 2
22 year: 0.801***22 year: 0.995** 22 year: 0.050 |22 year: 0.625‘“||'“
23 year: 0.970***23 year: 0.991"*423 year: 0.769*** 23 year: 0.735*** E
N

Corr: 0,934 | Corr: 0.690** | Corr: 0.218"* 2
22 year: 0.827**22 year: 0.208** | 22 year: 0.045 ll'“
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Fig. 4 Correlation between filling rate characteristic parameters based on grain weight and SVIs
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