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Hyperspectral estimation modeling of photosynthetic rate
in cotton canopy using chlorophyll data
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(College of Agriculture, Tarim University, Key Laboratory of Genetic Improvement and Efficient Production of
Characteristic Crops in Arid Areas of Southern Xinjiang, Research Center of Oasis Agricultural Resources

and Environment of Southern Xinjiang , Alar, Xinjiang 843300, China)

Abstract; By applying different irrigation gradients, data on spectral reflectance, chlorophyll density, and
canopy net photosynthetic rate (P,) were collected across five growth stages of cotton: budding stage, beginning
flower stage, full blossom stage, blossing and boll-forming stage, and full bloom stage. A canopy photosynthetic rate
prediction model was developed using support vector machine (SVM) and random forest ( RF) algorithms, incorpo-
rating both chlorophyll-fused and non-fused data. The results demonstrated a positive correlation between chlorophyll
density and the net photosynthetic rate under water stress. The CARS + SPA algorithm was employed to repeatedly
perform feature band screening, achieving a remarkable dimension reduction effect and high efficiency in
eliminating redundant bands. The feature bands were 332, 347, 416, 466, 672, 695, 711, 733, 752, 848, 954

nm and 1 069 nm in full blossom stage. The monitoring results of the model showed that the model fitting degree of
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the fused chlorophyll data was better than that of the unfused chlorophyll data. Compared with the estimation ability
and model accuracy of different models, the random forest (RF) model was superior to the support vector machine
(SVM) model. The R* of the calibration set of the RF model fusing chlorophyll density in the five growth periods
were 0.659, 0.676, 0.808, 0.744 and 0.633, respectively, and the R* of the validation set were 0.635,0.675,
0.786,0.725 and 0.627, respectively. Compared with the model without chlorophyll density data, the R of the cali-
bration set increased by 5.59% on average, the RMSE decreased by 2.92% on average, and the RPD increased by
7.26% on average. The average R’ of the validation set was 4.12% higher than that of the unfused chlorophyll data,
the RMSE was reduced by 1.64% on average, and the RPD was increased by 5.27% on average. The analysis dem-
onstrated that the spectral estimation model of the cotton canopy photosynthetic rate, integrated with chlorophyll
density data, exhibits superior fitting accuracy and stability.

Keywords : cotton; photosynthetic rate; chlorophyll density; feature band selection; spectral estimation model
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KH MEEOCA HR R TE B AL ] RPD ¥ B
i, B I RPD RS FE f AIG, BERUNRG B 2 (A R Ly
FEACH SIE AL WIS P AE I > 35 300> e 1), R 4

FR1 AELEEHE CARS+SPA EERERRIEE

Table 1  Best band selection of CARS+SPA algorithm at different growth stages
CARS SPA
AEFH ARV WeBOBCE MBI BB A B R
Growth stage Number of RMSE Number Proportion of Number RMSE Optimal bands
iterations of bands bands/ % of bands selection
Y 320,332,350,421,550,651,713
EF ,952,550,421,550,0651,715,
Budding stage 28 2751 153 19.6 12 2.641 750,803,938,1075,1100
HIAEH 337,554,723,764,783,903,935,
Beginning flower stage 40 2.081 " 93 12 1.436 965,1047,1060,1075,1091
BEAE 332,347,416,466,672,695,711,
Full blossom stage 38 1,649 84 108 12 1,625 733,752,848,954,1069
PRI
. 362,369,409,576,611,724,994,
Blossmé; and 19 1.855 264 33.8 12 1.505 1035, 1048, 1078, 1087 , 1092
boll-forming stage
BRAA
I 35 3.158 101 12.9 1 577 399.554,619,677,707,752,764,

Full bloom stage

811,943,971,1037,1055
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x2 AEA4SEHPRENEEZEHNE £33 TREERPRBENFEZEHIE
HIBEEEN G EEER RN KRt EEN G EEER R
Table 2 Photosynthetic rate model of cotton canopy with Table 3 Photosynthetic rate model of cotton canopy without
chlorophyll density data at different growth stages chlorophyll density data at different growth stages
AR B jEi i BESE AR BURL jea S UisgEc S
Growth Modeling Calibration set Validation set Growth Modeling Calibration set Validation set
stage method g2 RYSE RPD  R® RMSE RPD stage method g2 RMSE RPD  R® RMSE RPD
W SVM 0.632 2.884 1.649 0.622 2384 1.628 W SVM 0.615 3.111 1.613 0.604 2.100 1.590
Budding stage  jp 0659 2753 1712 0635 2596 1.656 Budding stage  jp 0643 2769 1674 0636 2.54 1.657
PIiEs SVM 0659 2578 1713 0652 1947 1.695 BIAE SVM 062 2370 1626 0610 2.646 1.602
Beginning flower Beginning flower
stage RF 0.676 2.152 1.758 0.675 2769 1.755 stage RF 0.652 2.189 1.695 0.650 2.818 1.691
JEAE) SVM 0.742 1785 1971 0.733 1.529 1.935 AL SVM 0718 1.559 1.884 0.711 2.101 1.861
Full blossom Full blossom
stage RF 0.808 1.639 2257 0.786 1.433 2.165 stage RF 0.721 1.824 1.893 0.720 1453 1.890
TEF SVM 0717 18% 181 0716 1807 1877 TERY SVM 0645 1861 1679 0635 2214 1655
Blossing and Blossing and
boll-forming stage RF 0744 1877 1979 0725 1697 1908  pgll-forming stage  RF 0696 1967 1813 0694 1811 1808
A SVM 0.612 2782 1.606 0.605 2375 1.591 R SVM 0.603 2.633 1.558 0.592 2.836 1.565
§ Full bloom
Full bloom stage  Rp 0633 2446 1652 0627 3413 1637 tage RF 0611 2445 1604 0606 3480 150
32 361 N -
30 (a) % % Budding stage Ny (b) ¥I1£ 0] Beginning flower stage
o
é zi I TE 32 r : ° @
Al © 30| o S
Z 241 ° 0.)%0 : = 28 . 80-13) ooa
2 ® 2 F ° ® °
:5)22- ° 00??0 0°% 9 ° ’ ?E 26 | 5% %o §°o¢ go°°
= 20} 5 ° A .70 °
= ° ® 8° s? ° o °° 9,
g 181 e o 74 Calibration set = 247 . ° e ° o @ fi4E Calibration set
= 16l R'=0.659 RPD=1.712 = ol R'=0.676 RPD=1.758
= 9 U4 4k Validation set L 9 45l 4 Validation set
14+ - R'=0.635 RPD=1.656 20 [ R'=0675 RPD=1.755
12 - L& 2k Fitline - = =4 & £ Fitline
[~ . L L L L L L L L | 18 L L L L L L L L )
12 14 16 18 20 22 24 26 28 30 32 18 20 22 24 26 28 30 32 34 36
24 Measured value 92 Measured value
8r (c) %% 1£19] Full blossom stage 38r (d) f£ % W] Blossing sand boll-forming stage
® 36 B 36
) et
7234- %% & £ 34r
o 3¥ 50 ° £z L
z 3t % @00, @ g 32 0, gb8 °
3 S 0o T 30t o o °?
230f ° %3, % 33 ° & ° oo%;;% % %°
& 2, 30@ ° o 28 | %a&“ ¢
g 281 o M ) ‘ o B Calibration set = ¥ %a%‘ o Zf4E Calibration set
= ° o R'=0.808 RPD=2.257 = 26F0 30 R'=0.744 RPD=1.979
w26 F o UG iE4E Validation set o Uil 4 Validation set
R'=0.786 RPD=2.165 2 b R'=0.725 RPD=1.905
24 F - = L 45 £k Fitline - = {45 2% Fitline
: i i . ; : : ) 2 . , A . i . f )
24 26 28 30 32 34 36 38 22 24 26 28 30 32 34 36 38
S E Measured value SZ M Measured value
61 g A
(e) 4% 4 1] Full bloom stage
34 F
s32r
[+ o CJ
; 30 F \ 2 @ . 0‘?:" %
S 281 ° 9003 9
% Y gaodg Qi; q’“ao >
£ 26F 90 90 @-° )
E r 9 B4 Calibration set
=t R*=0.633 RPD=1.652
B 4% 1F4E Validation set
20 F R'=0.627 RPD=1.637
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Fig.4  Optimal monitoring model of net photosynthetic rate fused with chlorophyll density data
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