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Prediction of Nitrogen Content in Apple Leaves in Each Growth Period
Based on Combined Color Characteristics
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Abstract; In order to accurately predict the nitrogen content in different scales of apple leaves at
flowering, young fruit and fruit expansion periods, a combined color characteristics based prediction
model of apple leaf nitrogen content was proposed. Firstly, the image of apple leaves was obtained and 17
color features, including R, G, B monochromatic components and 14 color combination parameters were
extracted, and the key influencing factors of nitrogen content of apple leaves in different periods were
extracted by principal component analysis to eliminate the correlation between the original variables and
reduce the input vector dimension of the model. Secondly, the PCA —SVM, PCA — BP and PCA — ELM
prediction models were established in different periods, the prediction effect and accuracy of apple leaf
nitrogen content were compared, and the best prediction model in different periods was obtained. Finally,
the best prediction model was used to predict the nitrogen content of apple leaves in different periods, and
the parameters of the best prediction model were optimized by adaptive genetic algorithm. The results
showed that the prediction accuracy of PCA —SVM model was higher than that of PCA — BP and PCA —
ELM model in different growth periods; the mean absolute error of PCA — SVM prediction model in
flowering period, young fruit period and fruit expansion period was 0.640 g/kg, 0.558 g/kg and
0. 544 ¢/kg, and mean absolute percentage error was 0. 057 g/kg, 0. 050 g/kg and 0. 064 g/kg, and root
mean square error was 0. 800 g/kg, 0.747 g/kg and 0.737 g/kg, which was better than that of the

prediction model before optimization. The model had good prediction performance and generalization
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ability, which can provide theoretical basis for orchard precision fertilization management, improving fruit

quality, avoiding resource waste and environmental pollution.
Key words: apple leaf; nitrogen content prediction; color features; PCA; SVM
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Fig.1 Original images of apple leaves at flowering,

young fruit and fruit expansion stages
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Fig.2 Images after removing calibration board
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Fig.3 Comparison before and after image processing
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Tab.1 Part of original data collected at flowering stage

B/ (R-B)/ (R-6G)/ FNieiig=d
A2 B G R R-B R-G R-G-B

(R+6-B) (R+G+B) (R+G+B) (g-kg™")
1 13.813  52.413 6.320 —-7.493  -46.093 -59.906 0.308 -0.103 -0.635 9.281
2 15.266  53.438 6.152 -9.114 -47.281 -62.551 0.344 -0.122 -0.632 8.761
3 13.138  51.229 7. 440 -5.697 -43.789 -56.927 0. 289 -0.079 -0.610 8.215
4 12.177  52.758 5.041 -7.136  -47.717 -59.89% 0.267 -0.102 -0.682 11. 947
5 12.190  53.689 5.842 —6.348 —47.846 -60.037 0.258 -0.089 -0.667 13.943
6 9.342 55.439 6.482 —2.860 -48.956 —58.298 0.178 -0. 040 -0.687 9. 680
7 10.527  56.378 5.141 -5.386 -51.237 -61.764 0.206 -0.075 -0.711 12.385
8 9.701 55. 499 6.081 -3.620 -49.418 -59.119 0.187 -0.051 -0.693 11. 869
9 10.959  51.584 5.391 —-5.568 —46.193 -57.152 0.238 -0.082 -0. 680 13.159
10 9.3868  53.225 6.227 -3.160 -46.999 -56.385 0.187 -0.046 -0. 683 11.493
11 11.940  54.181 5.801 —-6.139  -48.380 —60.320 0. 249 -0. 085 -0.673 16.313
12 11.203  53.730 6.124 -5.078 -47.606 -58.808 0.230 -0.071 -0.670 11. 682
13 7. 140 51.352 5.340 —1.740  -45.952 -53.092 0. 144 -0.027 -0.719 13. 754
14 9.172 57. 940 5.752 -3.420 -52.188 —61.360 0.168 -0.047 -0.716 12. 670
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Fig.4 Prediction flow chart of apple leaf nitrogen

content based on multi-scale factors
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Tab.2 Variance and principal component contribution rate in flowering, young fruit and fruit expansion stages
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Fig. 6 Prediction error curves of different models

in different growth periods
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Fig.7 Comparisons of nitrogen content predicted by
prediction models before and after optimization in

different growth stages
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Tab.5 Accuracy analysis of PCA — SVM prediction

model optimized in different growth periods g/kg
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Fig. 8 Distribution of nitrogen content in apple leaves at different growth stages
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