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Study on the water-nitrogen-salt coupling model for
processing tomato under film drip irrigation

WU Jucheng"*** LI Wenhao"***, MA Zhanli'***,
PEI Dongjie'>>*, LIU Mengjie">**, WEN Yue'***
(1. College of Water Conservancy & Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2. Key Laboratory of Modern Water-Saving Irrigation of Xinjiang Production & Construction Crop, Shihezi, Xinjiang 832000, China;
3. Agricultural Water and Fertilizer Efficient Key Equipment Technology Innovation Center, Shihezi, Xinjiang 832000, China;
4. Northwest Key Laboratory of Oasis Water-Saving Agriculture, Ministry of Agriculture and Rural Affairs, Shihezi, Xinjiang 832000, China)

Abstract: To determine the optimal water-nitrogen-salt coupling model for processing tomatoes under drip irri-
gation in the northern Xinjiang region, the Jinfan 3166’ processing tomato variety was used as the research sub-
ject. The experimental design included three irrigation levels: 5200 (W1), 4 500 (W2), and 3 800 (W3) m”’ -
hm™; three nitrogen application levels; 300 (N1), 240 (N2), and 180 (N3) kg - hm™;and three salinity lev-
els: 1 (S1),3(S2), and5 (S3) g - L™". An L9 (3’) orthogonal experimental design was used to investigate the
effects of different water-nitrogen-salt treatments on the yield, irrigation water use efficiency, and nitrogen fertilizer
partial productivity of processing tomatoes, and to develop a multi-objective optimization model. The results indica-

ted that increasing irrigation and nitrogen application, while reducing irrigation water salinity, significantly
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improved both the yield and irrigation water use efficiency of processing tomatoes. Conversely, increasing the irriga-
tion amount and salinity, while reducing nitrogen application, notably enhanced the partial productivity of nitrogen
fertilizer. The W1IN1S1 treatment achieved the highest yield and irrigation water use efficiency, reaching 188 t -
hm™ and 36.15 kg + m™, respectively, while the WI1N3S3 treatment resulted in the highest nitrogen fertilizer partial
productivity, at 760.50 kg + kg™'. Comprehensive evaluation using the entropy weight TOPSIS method indicated that
the WIN1SI treatment had the highest overall evaluation index (0.859) , making it the optimal treatment. Based on
the combination of the multi-objective genetic algorithm and entropy weight TOPSIS evaluation method, the optimal
solutions for water ( W) and nitrogen (N) regulation under different salinity levels (S) were derived as follows:
When S=1g - L™, W=5200 m" - hm™>,N=300 kg - hm™, the optimal values for yield (Y, ), irrigation water use
efficiency (Y,), and nitrogen fertilizer partial productivity (Y,) were 189.88 t -+ hm™, 36.07 kg + m™, and 593.44
kg + kg™, respectively; when S=3 g - L™, W=5200 m’ - hm>,N=180 kg - hm™*,Y,=129.06 t - hm™*,Y,=17.75
kg + m™, and Y,=679.04 kg - kg”' ;when S=5g - L' ,W=3,800 m’ - hm™ ,and N=180 kg - hm™,Y,=134.06 t -
hm™,Y,=24.87 kg - m™, and Y¥,=582.25 kg - kg™".

Keywords: processing tomato; water-nitrogen-salt coupling; film drip irrigation ; multi-objective optimization ;

multi-objective genetic algorithm
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growth period of processing tomato in 2021
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Table 1  Experimental design
Aok i dogw P LE

4t 3 Trrigation Nitrogen Salinity of

Treatment amount fertilization amount utg;::n

/(m*-hm™?)  /(kg-hm™?) Sg- L)
WINIS1 5200 300 1
WIN2S2 5200 240 3
WIN3S3 5200 180 5
W2N1S2 4500 300 3
W2N2S3( CK) 4500 240 5
W2N3S1 4500 180 1
W3N183 3800 300 5
W3N2S1 3800 240 1
W3N3S2 3800 180 3
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Table 2 Irrigation system during the growth period of processing tomato
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Note : Different lowercase letters in the figure indicate significant differences between treatments ( P<0.05). In the figure, ANOVA repre-

sents multivariate analysis of variance, and Fy,, Fy, Fg, and F\y,yys represent irrigation amount, nitrogen application amount, salinity of ir-

rigation water, and F value test results of their interaction effects, respectively. * indicates significant effect (P<0.05), * * indicates ex-

tremely significant effect (P<0.01).
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Fig.2 Effects of water-nitrogen-salt coupling on yield and irrigation water use efficiency

and nitrogen bias productivity of processing tomato
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Table 3 The entropy method is used to calculate the weight results

T KR R i
EfEL i PR Y|
Index Yield Irrigation water  Nitrogen partial
use efficiency  factor productivity
7B e
Information 0.815 0.890 0.888
entropy value
HRERUHE 4
Information 0.185 0.110 0.112
utility value
AU F 5w
Weight 45.560 27.040 27.400
coefficient/ %

Fz 4 TOPSIS ZEHIEMITELR
Table 4 TOPSIS comprehensive evaluation results

IEFRAR % A AT
gy EEd o EEL G
Treatment Pusmve' ideal Negatlve' ideal (JOmpl‘Che'nswc Ranking
solution solution evaluation
distance distance index
WINI1SI 0.092 0.560 0.859 1
WIN2S2 0.203 0.397 0.662 2
WIN3S3 0.290 0.365 0.558 3
W2N1S2 0.429 0.174 0.288 6
W2N2S3 0.577 0.045 0.072 9
W2N3S1 0.476 0.172 0.266 7
W3NI1S3 0.556 0.076 0.120 8
W3N2S1 0.337 0.293 0.465 4
W3N3S2 0.393 0.255 0.393 5
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Table 5 Regression relationship between water, nitrogen, salt input and dependent variables
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