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Nutritional diagnosis of nitrogen, phosphorus and potassium
in rice based on the residual neural network

KONG Jie', YANG Hongyun', HUANG Shumei*, WU Zheng?, SUN Aizhen®
(1. School of Software, Jiangxi Agricultural University, Nanchang 330045, China;

2. School of Computer and Information Engineering, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract To achieve rapid and accurate diagnosis and recognition of three major nutrient element
deficiency types in rice, one late rice variety “Huanghuazan” was selected as the research object for field
cultivation trials. Different treatments are set as follows: Four nitrogen application levels are NO (0 kg/hm?),
N1 (130 kg/hm?), N2 (260 kg/hm?) and N3 (390 kg/hm?) ; Four phosphorus application levels are PO
(0 kg/hm?), P1(300 kg/hm?), P2(600 kg/hm®, P3 (780 kg/hm?); Four potassium application levels are KO
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(0 kg/hm?), K1 (90 kg/hm?), K2 (180 kg/hm?) and K3 (270 kg/hm?). During the tillering and jointing stages
of rice growth, the high-resolution image data of the top three fully expanded leaves from each tiller were
scanned, and after generative adversarial network (GAN) reconstruction of rice image with super-
resolution, the data underwent normalization and expansion through image preprocessing; Additionally,
attention mechanisms and soft thresholding functions were integrated into the residual block while
preserving the backbone structure of residual neural network Resnet34; Furthermore, pre-trained weights
obtained from the ImageNet dataset were transferred to the model with an improved residual structure. The
results indicate that: The improvement of Resnet34 network yielded extraordinary results, exhibiting a
remarkable accuracy of 98.98% and 98. 10% within the severe fertilizer deficiency gradients during these
pivotal growth phases. Resnet34 network demonstrated robustness in moderate deficiency scenarios, and
achieved the accuracies of 97.99% and 95.90%, respectively. Regarding excessive fertilizer application,
the Resnet34 model maintained a commendable performance and achieved accuracies of 91.87% and
88.49% across the respective gradients. Compared with the pre-improvement network, the three-element
stress classification accuracy of the rice image test set at the tillering stage and jointing stage increased by
29.58% and 29.75%; The analysis of the confusion matrix indicated that the identification accuracy of
nitrogen stress was superior, and the training curve demonstrated faster convergence speed. In
conclusion, the model established in this study exhibits exceptional proficiency in diagnosing nutrient
deficiency stress during the pivotal tillering and jointing stages of rice growth, and can accurately predict

the rice nutritional status. This study provides a scientific reference for the nutritional diagnosis of nitrogen,

2025 4F 45 30 %

phosphorus and potassium in rice.
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Fig. 1 Example of rice image data acquisition and processing process
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Fig. 2 Typical images of rice leaves subjected to abnormal fertilization stress
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Table 2 Experimental results of different protocols at tillering stage

A i VES HESIES MR/ BUKERE WER/Y% AER/% FUE/%
Fertilization gradient Method  Training method Accuracy Loss Precision Recall F1l-score
FE1 W 84. 64 0.412 4 84. 61 84.66 84.61
R 0 FE2 £y | 97.38 0.060 1 97.43 97.36 97.27
NOPOKO HE3 A 98. 29 0.050 3 98.18 98. 28 98. 27
FFA H A 98. 99 0.0510 98.89 98.97 98.98
GESD! AW 68. 38 0.631 3 68.76 67. 42 68. 29
H R ok I i 3 FE?2 oy | 95.75 0.100 0 95. 81 95.77 95.73
NIPIK1 FE3 T B 96. 89 0.080 0 96. 88 96. 90 96. 86
EX! TR 2 97.96 0.075 1 97.96 97.95 97.96
ES E | 78.02 0. 500 4 78.01 78.08 78. 04
o 30 Y T 85.95 0.3011 85. 95 85. 93 85. 98
N3P3K3 FE3 TR 2 88. 48 0.280 8 88.43 88. 46 88. 47
VEX T s 91.87 0.2101 91.88 91.86 91.87
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Table 3 Experimental results of different protocols at jointing stage
Tt FEL o UES UE Y WHR/ % MR EE MEIR/Y O BRE/Y O FIHE/%
Fertilization gradient ~Method  Training method Accuracy Loss Precision Recall F1-score
HE1 £ 71.98 0.499 8 71.97 71.98 71.96
T RE B AT a0 TR 2 e 96. 96 0.106 7 94.35 97.18 96.97
NOPOKO E | 97.59 0.080 1 97.57 97.58 97.58
EY! i | 98.10 0.070 1 98. 09 98.10 98. 10
ED! A 66.15 0.536 4 66.17 66.12 66.16
Hh R IR B 3 T2 o] 92.76 0.170 4 92.78 92.77 92.76
NIPIKI E i | 94.09 0.090 3 94.07 94.08 94.09
EX! | 95. 90 0.0829 95. 89 95.90 95. 88
VED! A F > 73.99 0.499 8 73.98 73.96 73.00
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Fig. 5 Training curve for each fertilizer gradient at tillering stage
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Table 4 Experimental data of different network models
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