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Abstract:  

Seed cotton yield is a critical factor influencing the international competitiveness of cotton.  To enhance 

water and fertilizer use efficiency and promote sustainable cotton production, a two-year field experiment 

was conducted during 2024–2025 to explore the effects of plastic film mulch layers, irrigation levels, and 

fertilizer levels on seed cotton yield, economic benefits, irrigation water use efficiency (IWUE), and nutrient 

partial factor productivity in the Alar region of southern Xinjiang, China. An L9(3
4
) orthogonal design 

comprised of nine treatments was employed. Three water levels (W1: 3080 m
3
·ha

-1
, W2: 3850 m

3
·ha

-1
, W3: 

4620 m
3
·ha

-1
), three fertilizer levels (F1: 330-135-147 kg·ha

-1
 (N-P2O5-K2O), F2: 412.5-168.75-183.75 

kg·ha
-1

 (N-P2O5-K2O), F3: 495-202.5-220.5 kg·ha
-1

 (N-P2O5-K2O)) and three heat levels (H1: one layer of 

plastic film, H2: two layers of plastic film, H3: three layers of plastic film)were set. The results showed that 

water levels, fertilizer levels and heat levels all significantly influenced seed cotton yield, IWUE, and 

nutrient partial factor productivity. Technique for order preference by similarity to an ideal solution 

(TOPSIS) was adopted for the comprehensive evaluation of seed cotton yield, IWUE, nutrient partial factor 

productivity, and economic rate of return. The highest seed cotton yield, IWUE, nutrient partial factor 

productivity, and economic rate of return were achieved in treatment W2F1H2 (T2). These results provide a 

practical and valuable reference for sustainable cotton production in the Alar region of southern Xinjiang 

and other regions with analogous agro-ecological conditions in improving both seed cotton yield and water 

and fertilizer use efficiency.  

Keywords: Water-fertilizer-heat coupling, Seed cotton yield, IWUE, Nutrient partial factor 

productivity, Economic benefit 

Introduction 

Cotton (Gossypium hirsutum L.) cultivation in 

Xinjiang contributes 91% to China’s total cotton 

production and plays an indispensable role in the 

global textile supply chain
1
. As both a fiber crop 

and oil crop, cotton plays a vital role in the 

economic development of northwest China, but 

the lack of appropriate field water and nutrient 

management strategies has hindered the 

coordinated development of the cotton industry 

and the environment
2
. 

Southern Xinjiang is a typical oasis agricultural 

area, and cotton is the primary cash crop. 

However, the scarcity of freshwater resources 

severely constrains agricultural production in this 

arid region
3
. Scarce rainfall and low water 

productivity (WP) are the primary problems 

limiting the sustainable development of crops in 

the extremely arid region of Xinjiang. Reducing 

evaporative loss and enhancing the utilization of 

deep soil water are important measures to address 

this challenge
4
. 

Efficient water and fertilizer management is 

critical in addressing the challenges posed by 

water scarcity and resource sustainability in 
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agriculture, particularly in semi-arid regions, 

where water resources are limited
5-8

. Plastic film 

mulching (PM) combined with irrigation is 

widely adopted to improve crop yields, IWUE, 

nutrient partial factor productivity, and economic 

benefits, especially in arid agricultural regions 
9-

13
. 

IWUE measurement reflects the efficiency of 

water use by assessing the ratio of the crop yield 

to the amount of water consumed in production
14

. 

Efficient nitrogen (N), phosphorus (P) and 

potassium (K) management in drip-irrigated 

systems is vital for sustainable agriculture in arid 

and semi-arid regions
15

 
16

. 

Previous research has established that crop yield 

improvement is closely related to improvements 

in water use, soil fertility, and the adoption of 

plastic film mulching
17, 18

. Most studies on 

improving crop yield have only focused on water 

and fertilizer management under single-layer 

plastic film mulching
19-23

. The analysis of 

improving crop yield focuses solely on the 

relationship between water and N. 
24, 25

. Limited 

research has been conducted on enhancing crop 

yield through the synergistic regulation of water, 

N, P, and K under multi-layer plastic film 

mulching. 

However, optimizing N, P, and K fertilization and 

soil management practices is key to enhancing 

crop yield and ensuring the sustainable and 

efficient utilization of N, P, and K in agricultural 

systems
26-30

. Conversely, poor fertilizer 

management has increased crop production costs, 

reduced crop productivity, and significantly 

depleted soil nutrients
31

. 

Agricultural production suffers significant 

constraints due to low IWUE and nutrient partial 

factor productivity in southern Xinjiang. The 

pivotal solution to enhance crop yield, economic 

benefits, IWUE, and nutrient partial factor 

productivity lies in optimizing field management 

practices
32

. 

To sum up, this study aimed to explore the effect 

of synergistic regulation of plastic film mulch 

layers and irrigation-fertilizer regimes on seed 

cotton yield, economic benefits, IWUE, and 

nutrient partial factor productivity in southern 

Xinjiang, optimize the input of water and 

fertilizer, and provide a practical and valuable 

reference for sustainable cotton production in the 

Alar region of southern Xinjiang and other 

regions with analogous agro-ecological 

conditions. 

1. Materials and Methods 

1.1. Experimental Site Description   

1.1.1. Study Area  

Field experiments on cotton were conducted 

during the 2024 and 2025 growing seasons at the 

Modern Agriculture Academician Expert 

Workstation in Alar (81
°
12′36″N, 40°37′12″E), 

southern Xinjiang, China. The study area is 

shown in Figure 1. This study site features a 

warm-temperate continental desert climate, with 

an average altitude of 1100 m, annual 

precipitation of 50 mm, annual evaporation of 

2800 mm, average air temperature of 10.7 ℃, 

accumulated temperature ≥ 10 ℃ of 4113 ℃, 

average sunshine duration of 9.5 h (April–

October), annual sunshine duration of 2900 h, and 

frost-free period of 220 days 

(https://en.weather.com.cn/). Selected soil 

physicochemical properties at different depths in 

the study area are presented in  

Table 1. 

 

https://en.weather.com.cn/
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Figure 1. The location of study area: (a) China; (b) Xinjiang Uygur Autonomous Region; (c) 

Alar City; (d) experimental area. 

 

Table 1 Selected soil physicochemical properties at different depths in the study area 

Soil depth 

(m) 

Clay 

(%) 

Silt 

(%) 

Sand 

(%) 

BD 

(g·cm
-3

) 

pH EC 

(dS·m
-1

) 

0-0.10 1.49±0.19 30.51±3.07 68.01±3.24 1.38±0.03 8.12±0.20 0.22±0.09 

0.10-0.20 1.40±0.13 28.09±1.30 70.51±1.43 1.07±0.20 8.09±0.20 0.22±0.06 

0.20-0.40 2.01±0.25 38.46±3.86 59.54±4.11 1.44±0.16 8.09±0.60 0.17±0.01 

0.40-0.60 1.99±0.45 34.50±7.04 63.51±7.49 1.48±0.06 7.66±0.59 0.19±0.01 

Note: BD is bulk density. EC is electrical conductivity. 

 

1.2. Experimental Design 

Three factors were adopted in the experiment: 

water levels, fertilizer levels and heat levels. An 

L9(3
4
) orthogonal experimental design with nine 

treatments was employed, and each treatment was 

replicated three times, as shown in  

Table 2. Three water levels: 3080 m
3
·ha

-1
 (W1), 

3850 m
3
·ha

-1
 (W2), and 4620 m

3
·ha

-1
 (W3), three 

fertilizer levels: 330-135-147 kg·ha
-1

 (N-P2O5-

K2O) (F1), 412.5-168.75-183.75 kg·ha
-1

 (N-P2O5-

K2O) (F2), 495-202.5-220.5 kg·ha
-1

 (N-P2O5-

K2O) (F3) and three heat levels: one layer of 

plastic film (H1), two layers of plastic film (H2), 

three layers of plastic film (H3) were established. 

The cotton cultivar used in this study was Tahe 2, 

a locally recommended variety. Sowing was 

carried out via flat seeding on April 30, 2024, and 

April 16, 2025. The experiment was conducted 

under plastic film mulched drip irrigation, 

adopting a wide-narrow row planting pattern of 

―one mulch, three belts, and six rows‖. The film 

width was 2.05 m, the film thickness was 0.01 

mm, the row width was 1.82 m, the gutter width 

was 0.20 m, and the cotton plant spacing was 0.10 

m (Figure 2). The irrigation schedules are 
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presented in Table 3. Fertilizer was applied using 

water-fertilizer integration technology. The 

fertilizer schedules are provided in  

 

Table 4. The drip fertigation system consisted of 

pumps, filters, fertilization tanks, pipelines, water 

meters, and valves. The drip tapes had a dripper 

spacing of 0.30 m, an operation pressure of 0.1 

MPa, and discharge rate of 2.4 L·h
-1

.  

 

 

Figure 2 Cotton cropping pattern 

 

Table 2. Orthogonal tables for experimental water-fertilizer-heat coupling for cotton. 

Treatment Fertilizer levels 

(N-P2O5-K2O) (kg·ha
-1

) 

Water levels 

(m
3
·ha

-1
) 

Heat levels 

(layer) 

T1 330-135-147 (1) 3080 (1) one (1) 

T2 330-135-147 (1) 3850 (2) two (2) 

T3 330-135-147 (1) 4620 (3) three (3) 

T4 412.5-168.75-183.75 (2) 3080 (1) three (3) 

T5 412.5-168.75-183.75 (2) 3850 (2) one (1) 

T6 412.5-168.75-183.75 (2) 4620 (3) two (2) 

T7 495-202.5-220.5 (3) 3080 (1) two (2) 

T8 495-202.5-220.5 (3) 3850 (2) three (3) 

T9 495-202.5-220.5 (3) 4620 (3) one (1) 

 

Table 3. Water amounts schedule 

Data Water amounts 

(m
3
·ha

-1
) 

W1 W2 W3 

2024-06-16 2025-05-29 157.6 197 236.4 

2024-06-23 2025-06-05 157.6 197 236.4 

2024-06-30 2025-06-12 157.6 197 236.4 

2024-07-07 2025-06-19 576 720 864 

2024-07-14 2025-06-26 576 720 864 

2024-07-21 2025-07-03 576 720 864 

2024-07-28 2025-07-10 576 720 864 

2024-08-04 2025-07-17 77.6 97 116.4 

2024-08-11 2025-07-24 75.2 94 112.8 

2024-08-18 2025-07-31 75.2 94 112.8 

2024-08-25 2025-08-07 75.2 94 112.8 
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Table 4. Fertilizer amounts schedule 

Data Urea 

(kg·ha
-1

) 

Disco 11-36-7 

(kg·ha
-1

) 

Disco 7-9-42 

(kg·ha
-1

) 

F1 F2 F3 F1 F2 F3 F1 F2 F3 

2024-06-16 2025-05-29 24 30 36 12 15 18 — — — 

2024-06-23 2025-06-05 24 30 36 24 30 36 — — — 

2024-06-30 2025-06-12 48 60 72 36 45 54 — — — 

2024-07-07 2025-06-19 72 90 108 60 75 90 12 15 18 

2024-07-14 2025-06-26 72 90 108 60 75 90 24 30 36 

2024-07-21 2025-07-03 72 90 108 60 75 90 36 45 54 

2024-07-28 2025-07-10 72 90 108 48 60 72 36 45 54 

2024-08-04 2025-07-17 60 75 90 — — — 72 90 108 

2024-08-11 2025-07-24 60 75 90 — — — 60 75 90 

2024-08-18 2025-07-31 60 75 90 — — — 60 75 90 

2024-08-25 2025-08-07 36 45 54 — — — — — — 

 

Urea (46% N) was used as the nitrogen fertilizer. 

Two kinds of Disco compound fertilizers 

(http://www.disco-china.com/) were adopted: 11-

36-7 (N-P2O5-K2O) and 7-9-42 (N-P2O5-K2O). 

Specifically, 11-36-7 (N-P2O5-K2O) was selected 

as the phosphorus source, and 7-9-42 (N-P2O5-

K2O) was chosen as the potassium source. 

Each plot was 13 m × 2.05 m, with an area of 

26.65 m
2
, and the total area of all plots was 1287 

m
2
. All other management measures unrelated to 

the experimental treatments were consistent with 

local farmers’ management practices. 

1.3. Data Collection And Measurement 

1.3.1. Seed Cotton Yield 

The total seed cotton yield was calculated by 

weighing and averaging the seed-cotton harvested 

from five replicates of each treatment. 

1.3.2. Irrigation Water Use Efficiency 

Irrigation water use efficiency (IWUE) was 

calculated as follows
33

: 

𝐼𝑊𝑈𝐸 = 𝑌 𝐼⁄ #(1)  

Where 𝐼𝑊𝑈𝐸 is the irrigation water use 

efficiency (kg·m
-3

), 𝑌 is the seed cotton yield 

(kg), and 𝐼 is the total irrigation amount during 

the cotton growing season (m
3
). 

1.3.3. Nutrient Partial Factor Productivity 

The fertilizer partial factor productivity (FPFP), 

nitrogen partial factor productivity (NPFP), 

phosphorus partial factor productivity (PPFP), 

and potassium partial factor productivity (KPFP) 

were calculated as follows
34, 35

: 

𝐹𝑃𝐹𝑃 = 𝑌 𝐹𝑇⁄ #(2)  

𝑁𝑃𝐹𝑃 = 𝑌 𝑁𝑇⁄ #(3)  

𝑃𝑃𝐹𝑃 = Y 𝑃𝑇⁄ #(4)  

𝐾𝑃𝐹𝑃 = Y 𝐾𝑇⁄ #(5)  

Where 𝐹𝑇, 𝑁𝑇, 𝑃𝑇, and 𝐾𝑇 denote the application 

rates of total fertilizer, nitrogen fertilizer, 

phosphorus fertilizer, and potassium fertilizer 

(kg·ha
-1

), respectively. 

1.3.4. Economic Benefit 

In 2024, seed cotton was priced at 1.00 $·kg
-1

. In 

2020, seed cotton was priced at 0.98 $·kg
-1

. The 

costs for inputs are as follows: Irrigation water 

0.03 $·m
-3

; Electric fee 0.04 $·kW
-1

·h
-1

. Urea 

0.19 $·kg
-1

; Compound fertilizers 0.39 $·kg
-1

; 

Annual irrigation equipment cost 767.34 $·hm
-2

; 

Rent for farm agricultural machinery work 

(including weeding, mulching, harvesting) and 

unmanned machinery (including pesticide 

spraying and topping) 420.04 $·hm
-2

. The annual 

labor costs 675.45 $·hm
-2

. 

http://www.disco-china.com/
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1.3.5. Basic Principle of TOPSIS Method of 

Combination of Game Theory Soil 

Properties Indexes  

1) Establish a comprehensive evaluation index 

system. 

2) Establish the data matrix of between evaluation 

objects and evaluation indicators H: 

𝐻 = (ℎ𝑖𝑗)𝑚×𝑛#(6)  

Where  ℎ𝑖𝑗 is the 𝑗th evaluation index in the 𝑖th 

evaluation object, 𝑚 is the number of evaluation 

objects (trial treatments) in this study, and 𝑛 is the 

number of evaluation indices (including seed 

cotton yield, IWUE, FPFP, NPFP, PPFP, KPFP, 

and rate for return). 

3) Use the game theory combination weighting 

method to determine the index weight: 

a) The analytic hierarchy process (AHP) is used 

for subjective weight analysis, and the subjective 

weights are obtained. 

b) Objective weight analysis is conducted using 

the improved coefficient of variation method and 

objective weights are thus obtained. 

i) A normality test was conducted for each 

evaluation index in this study, and those with 

skewed distributions were transformed into 

approximate normal distributions. Seed cotton 

yield, IWUE, FPFP, NPFP, PPFP, KPFP, and rate 

of return exhibited severe skewness due to 

significant differences in water and fertilizer 

application levels. Direct analysis of the raw data 

for these indices would lead to disproportionately 

high weights, so the logarithmic transformation 

was applied to approximate their normal 

distributions, thus resulting in a new decision 

matrix: 

𝑅′′ = (𝑟𝑖𝑗
′′)𝑚×𝑛#(7)  

ii) Using the vector normalization method, a 

normalized decision matrix can be obtained: 

𝐸 = (𝑒𝑖𝑗)𝑚×𝑛#(8)  

𝑒𝑖𝑗 = 𝑟𝑖𝑗
′′ ∙ (∑(𝑟𝑖𝑗

′′)
2

𝑛

𝑖=1

)

−0.5

#(9)  

iii) Calculate the coefficient of variation: 

𝑣𝑗 = 𝜎𝑗  𝑥̅𝑗⁄ #(10)  

Where 𝑣𝑗 represents the coefficient of variation of 

the 𝑗th normalized evaluation index, 𝜎𝑗 represents 

the standard deviation of the 𝑗th normalized 

evaluation index, and 𝑥̅𝑗represents the mean value 

of the 𝑗th normalized evaluation index. 

iv) Calculate the weight, and normalize the 

coefficient of variation: 

𝑤𝑗 = 𝑣𝑗 ∙ (∑ 𝑣𝑗

𝑛

𝑗=1

)

−1

#(11)  

c) Use the principles of game theory for 

combination weighting. 

i) Construct the base weight vector set as 

𝑢𝑘 = *𝑢𝑘1, 𝑢𝑘2, … , 𝑢𝑘𝑛 +(𝑘 = 1, 2), and perform 

linear combination of the vectors: 

𝑢 = 𝛼1𝑢1 + 𝛼2𝑢2 + ⋯ + 𝛼n𝑢n#(12)  

Where 𝑢 is a possible weight vector of the weight 

set and 𝛼1, 𝛼2, …, 𝛼𝑛 are linear combination 

coefficients, 𝛼1, 𝛼2, …, 𝛼𝑛>0, 𝛼1+𝛼2+ … + 

𝛼𝑛=1. 

ii) Optimize the linear combination coefficients 

𝛼1 and 𝛼2 using game theory, with the aim of 

minimizing the deviations among 𝑢 and 𝑢1, 

𝑢2, …, 𝑢𝑛: 

𝑚𝑖𝑛 = ‖(𝛼1𝑢1
𝑇 + 𝛼2𝑢2

𝑇 + ⋯ + 𝛼n𝑢n
𝑇) − 𝑢𝑘‖n 

(𝑘 = 1, 2, … , n)#(13)
 

iii) The optimized first derivative condition of Eq. 

(23) can be converted into a system of equations: 

[

𝑢1 𝑢1
𝑇

𝑢2 𝑢1
𝑇 

𝑢1 𝑢2
𝑇

𝑢2 𝑢2
𝑇

…
𝑢2    𝑢1

𝑇  𝑢2    𝑢2
𝑇

] *

𝛼1

𝛼2
…
𝛼n

+ = [

𝑢1 𝑢1
𝑇

𝑢2 𝑢2
𝑇

…
𝑢n     𝑢n

𝑇

] #(14)  

iv) After 𝛼1, 𝛼2, …, 𝛼𝑛 are obtained from Eq. 
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(24), the combined weight vector can be 

calculated. 

𝑊 = 𝛼1𝑊1 + 𝛼2𝑊2 + ⋯ + 𝛼n𝑊n#(15)  

4) Construct a weighted norm matrix 𝐸′ = 𝑊𝐸. 

5) Determine the positive ideal solution 𝐸+ and 

the negative ideal solution 𝐸−. 

Positive ideal solution: 

𝑒𝑗
+ = {

𝑚𝑎𝑥1≤𝑖≤𝑛𝑒𝑖𝑗     𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑡𝑦𝑝𝑒 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝑚𝑎𝑥1≤𝑖≤𝑛𝑒𝑖𝑗     𝐶𝑜𝑠𝑡 𝑡𝑦𝑝𝑒 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒
#(16) 

Negative ideal solution: 

𝑒𝑗
− = {

𝑚𝑖𝑛1≤𝑖≤𝑛𝑒𝑖𝑗
′     𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑡𝑦𝑝𝑒 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

𝑚𝑎𝑥1≤𝑖≤𝑛𝑒𝑖𝑗
′     𝐶𝑜𝑠𝑡 𝑡𝑦𝑝𝑒 𝑎𝑡𝑡𝑟𝑖𝑏𝑢𝑡𝑒

#(17) 

6) Calculate the Euclidean distance 𝐷+ and 𝐷− 

between each evaluation object and 𝐸+ and 𝐸−. 

Positive ideal solution distance: 

𝑑𝑖
+ = (∑(𝑒𝑖𝑗

′ − 𝑒𝑗
+)

2
𝑚

𝑖=1

)

0.5

#(18)  

Negative ideal solution distance: 

𝑑𝑖
− = (∑(𝑒𝑖𝑗

′ − 𝑒𝑗
−)

2
𝑚

𝑖=1

)

0.5

#(19)  

7) Calculate the comprehensive evaluation index, 

namely the closeness degree 𝐹, which reflects the 

proximity between each evaluation object and the 

optimal scheme. 

𝑓𝑖 =
𝑑𝑖

−

𝑑𝑖
+ + 𝑑𝑖

+ , (0 ≤ 𝑓𝑖 ≤ 1)#(20)  

1.4. Statistical analysis 

Excel 2016 was applied to organize and sort the 

experimental data. Subsequently, statistical 

analyses were conducted using SPSSAU (Beijing 

Qingsi Technology Co., Ltd., Beijing, China), 

including analysis of variance (ANOVA) and 

Pearson correlation analysis. For multiple 

comparisons, the least-significant difference 

(LSD) method was chosen. Statistical significance 

was set at P < 0.05. All graphs and figures were 

created using Origin 2023 (OriginLab, 

Massachusetts, USA). 

2. Results 

2.1. Seed cotton yield and IWUE 

In order to assess the relationships between seed 

cotton yield and water, fertilizer, and heat levels 

repeated-measures analysis of variance (ANOVA) 

was employed. The results showed that water, 

fertilizer, and heat levels all exerted a statistically 

significant positive effect on seed cotton yield in 

2024 and 2025 (P < 0.05).  

Further analysis showed that only different water 

levels produced a statistically significant effect on 

IWUE in 2024 and 2025(P < 0.05).  

As shown in Figure 3, the seed cotton yield in 

2024 ranged from 7621.57–10857.70 kg·ha
-1

. The 

order of seed cotton yield was T2 > T3 > T5 > 

T6 > T9 > T8 > T7 > T4 > T1. The order of 

secondary factors was W > F > H, and the optimal 

composition was W2F1H2. Similarly, the seed 

cotton yield in 2025 ranged from 4593.82–

5915.14 kg·ha
-1

. The order of seed cotton yield 

was T3 > T4 > T6 > T7 > T2 > T8 > T9 > T5 > 

T1. The order of secondary factors was H > W > 

F, and the optimal composition was W3F1H3. 

Taken together, these results suggest that there is 

an association between seed cotton yield and 

water, fertilizer, and heat levels.  

It can be seen that the order of IWUE was T2 > 

T6 > T7 > T5 > T9 > T3 > T1 > T8 > T4. The 

order of secondary factors was W > F > H, and 

the optimal composition was W2F1H2 in 2024. In 

addition, the order of IWUE was T4 > T7 > T1 > 

T2 > T8 > T3 > T5 > T6 > T9. The order of 

secondary factors was H > W > F, and the optimal 

composition was W1F2H3 in 2025. Overall, these 

results indicate that there is an association 

between water, fertilizer, and heat levels and 

IWUE.

 

https://spssau.net/index.html
https://spssau.net/index.html
https://www.originlab.com/
https://www.originlab.com/
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Figure 3. Seed cotton yield and IWUE of different treatments in 2024 and 2025. Error bars 

represent standard error of the mean (SE, n=3). Different lowercase letters indicate significant 

differences at P < 0.05. The same applies below. 

 

2.2. Nutrient Partial Factor Productivity  

ANOVA revealed that the varying water and 

fertilizer levels had a statistically significant 

impact on FPFP, NPFP, PPFP, and KPFP in 2024 

(P < 0.05). Similarly, water , fertilizer, and heat 

levels all had a statistically significant impact on 

FPFP, NPFP, PPFP, and KPFP in 2025 (P < 0.05). 

As illustrated in Figure 4, the FPFP, NPFP, PPFP, 

KPFP rankings in 2024 were T2 > T3 > T1 > T5 > 

T6 > T4 > T9 > T8 > T7, with the order of 

secondary factors being F > W> H, and the 

optimal composition identified as W2F1H2. 

Similarly, FPFP, NPFP, PPFP, KPFP rankings in 

2025 were T3 > T2 > T4 > T1 > T6 > T5 > T7 > 

T8 > T9, with the order of secondary factors 

being F > H > W, and the optimal composition 

identified as W3F1H3. In summary, these results 

show that there is an association between water, 

fertilizer, and levels and FPFP, NPFP, PPFP, and 

KPFP.
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Figure 4. FPFP, NPFP, PPFP, KPFP of different treatments in 2024 and 2025. 

 

2.3 Correlation Analysis 

Correlation analysis was performed to generate 

the heatmap (Error! Reference source not found.), 

which visualizes the pairwise relationships among 

seed cotton yield, IWUE, FPFP, NPFP, KPFP, 

and rate of return. This method quantifies the 

associations between these indicators, with the 

heatmap clearly distinguishing significant positive 

and negative correlations. As shown in the figure, 

seed cotton yield exhibits substantial correlations 

with the aforementioned efficiency and benefit 

metrics. This implies that achieving high seed 

cotton yield may exert positive effects on 

economic benefits.  

Indicators demonstrating both significant positive 

and negative correlations. This suggests that the 

high yield would be positive effects on economic 

benefits, and there may be adverse effects on the 

quality of the cotton in the pursuit of higher 

yields. 

 

 
Figure 5. Correlation analysis of seed cotton yield, IWUE, FPFP, NPFP, PPFP, KPFP, and rate 

of return in 2024 and 2025. 
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2.3. Economic Benefits Analysis 

To compare the differences in economic benefits 

among different water, fertilizer and heat levels, a 

simple statistical analysis was performed. 

From the data in Table 5, the order of rate of 

return of different treatments in 2024 was T2 > 

T3 > T5 > T1 > T6 > T9 > T7 > T4 > T8. 

Similarly, in 2025, the order was T2 > T3 > T6 > 

T1 > T4 > T5 > T7 > T9 > T8. The treatment with 

the highest rate of return was W2F1H2 in both 

2024 and 2025. 

 

Table 5. Economic benefits in 2024 and 2025. 

 

3. Discussion 

3.1.  Effect of Synergistic Regulation of Water-

Fertilizer-Heat Management on Seed 

Cotton Yield in Cotton 

This study found that synergistic regulation of 

water-fertilizer-heat management exerted a 

statistically significant effect on seed cotton yield. 

Several reports have shown that PM significantly 

improves crops yield, aboveground dry matter, 

irrigation water use efficiency, soil organic carbon 

sequestration rate, the content of soil organic 

carbon, microbial activity, and urease activity 

compared to NM
11, 36, 37

. Previous studies have 

reported a strong relationship between Drip 

irrigation (DI) and seed cotton yield: DI markedly 

improved soil hydrothermal conditions, which are 

essential for creating an ideal environment for 

crop development. This improvement plays a 

pivotal role in facilitating the distribution of 

photosynthetic products to the aboveground 

biomass, ultimately boosting crop yield
12, 18, 38

. 

Prior studies have also noted that crop yield  

 

improvement is closely associated with enhanced 

soil fertility and water use efficiency
17, 29, 39

. For 

example, high nitrogen rates help field-grown 

cotton recover from stresses such as water 

restriction and mitigate yield losses
23, 40

, while 

potassium (K) application significantly influences 

cotton yield
28

. 

In this study, there was a significant difference in 

the highest seed cotton yield between 2024 and 

2025. This difference may be due to climatic 

changes
41, 42

, as a better soil hydrothermal 

environment facilitated by increasing plastic film 

mulch layers favors crop yield formation
43

.  

This study not only supports previous findings
2, 44-

47
, but also confirms that plastic film mulch 

layers, irrigation levels, and fertilizer application 

levels all affect seed cotton yield. Specifically, we 

achieved higher seed cotton yield by increasing 

the number of plastic film mulch layers, a low-

input method that yields high economic benefits. 

Trea

tme

nts 

Fertiliza

tion 

input 

($ ha-1) 

Irrigation 

input 

($ ha-1) 

Plastic 

film 

input 

($ ha-1) 

Total 

input 

($ ha-1) 

Cotton income 

($ ha-1) 

Net income 

($ ha-1) 

Rare of 

return 

20

24 

20 

25 

20 

24 

20 

25 

20 

24 

20 

25 

20 

24 

20 

25 

2024 2025 2024 2025 2024 2025 

T1 170.40 

170.40 

170.40 

340.80 

340.80 

340.80 

511.20 

511.20 

511.20 

66.84 

83.55 

100.25 

66.84 

83.55 

100.25 

66.84 

83.55 

100.25 

129.37 

258.73 

388.10 

388.10 

129.37 

258.73 

258.73 

388.10 

129.37 

1604.40 

1750.47 

1896.55 

2033.53 

1791.51 

1937.58 

2074.57 

2220.64 

1978.62 

7951.39 4839.97 6346.99 3219.72 3.91 1.99 

T2 11327.57 5858.67 9577.10 4090.90 5.47 2.31 

T3 10500.10 6232.10 8603.55 4316.81 4.54 2.25 

T4 8119.47 6133.82 6085.94 4080.20 2.96 1.99 

T5 9534.37 5159.04 7742.86 3349.83 4.32 1.85 

T6 9498.68 5974.87 7561.10 40.18.14 3.90 2.05 

T7 8318.88 5955.03 6244.32 3859.96 2.98 1.84 

T8 8510.14 5610.92 6289.50 3368.34 2.83 1.50 

T9 8992.14 5552.45 7013.52 3554.28 3.54 1.78 
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3.2. Effect of Synergistic Regulation of Water-

Fertilizer-Heat Management Oon IWUE 

and Nutrient Partial Factor Productivity 

in Cotton 

Another important finding is that synergistic 

regulation of water-fertilizer-heat management 

had a statistically significant effect on IWUE, 

FPFP, NPFP, PPFP, and KPFP. 

Several reports have shown that poor water-

fertilizer management has increased production 

costs, lowered productivity, and significantly 

depleted soil nutrients
22, 31, 34, 48-50

 
24

. Soil nutrient 

deficiency is one of the significant challenges in 

crop production, particularly nitrogen (N), 

phosphorus (P), and potassium (K). These 

deficiencies not only reduce crop yields but also 

cause associated environmental issues, such as 

soil structure deterioration and ecosystem services 

diminution
16

. 

Previous study has found improving FPFP, NPFP, 

PPFP, and KPFP is a key goal for developing 

sustainable crop production
21, 26, 51-55

. Excessive 

N, P, K fertilization has a negative effect on yield 

sustainability and FPFP, NPFP, PPFP, and KPFP 

to varying extents. An appropriate reduction in N, 

P, and K fertilizer application in crop fields of 

northeast China could meet agronomic and 

environmental goals
21, 23, 56, 57

.  

This study not only broadly supports work linking 

plastic film mulching, irrigation levels, and 

fertilizer application levels with IWUE, FPFP, 

NPFP, KPFP
24, 58, 59

, but also provide a new 

insights into significantly enhancing IWUE, 

nutrient partial factor productivity through a low-

input approach. 

3.3. Comprehensive evaluation based on cotton 

yield, nutrient partial factor productivity, and 

economic benefit. 

Globally, sustainable farming practices such as 

precision fertilization and water-saving irrigation 

have been adopted to achieve high crop yields 

while minimizing nonpoint source pollution. The 

integration of optimized precision fertilization 

and water-saving irrigation practices substantially 

reduced N, P, and K losses, mainly through 

decreased N, P, and K leaching, while retaining 

fertilizer-derived N, P, and K in the root-zone soil 

layer. This is crucial for sustainable and high-

yield crop production
36, 40, 60, 61

. Optimizing water 

and fertilizer application not only improves 

agricultural production efficiency but also is of 

great significance for environmental protection, 

resource conservation, and economic feasibility 
30, 

62, 63
. This study offers a method that not only 

improves seed cotton yield and economic 

benefits, but also reduces water and fertilizer 

inputs. It also provides a new insight into 

achieving high returns through a green and 

environmentally friendly low-input approach. 

To comprehensively assess the results, a 

comprehensive evaluation system encompassing 

seed cotton yield, water and fertilizer use 

efficiency, and economic benefits was established. 

The TOPSIS method was adopted to 

comprehensively evaluate seed cotton yield, 

IWUE, FPFP, NPFP, PPFP, KPFP, and rate of 

return, as shown in Table 6. Regarding the 

ranking of comprehensive evaluation indices, T2 

was ranked first in both 2024 and 2025. The 

W2F1H2 treatment achieved the highest 

comprehensive evaluation index, consistent with 

its seed cotton yield. 

 

Table 6. Comprehensive evaluation of seed cotton yield, IWUE, nutrient partial factor productivity, 

and rate of return via the TOPSIS method for 2024 and 2025. 

Treatment Positive ideal 

distance 

Negative ideal 

distance 

Comprehensive 

evaluation index 

Ranking 

2024 2025 2024 2025 2024 20250 2024 2025 
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T1 0.399 0.236 0.227 0.197 0.363 0.454 5 4 

T2 0 0.116 0.607 0.344 1 0.747 1 1 

T3 0.215 0.139 0.458 0.386 0.681 0.735 2 2 

T4 0.538 0.193 0.081 0.265 0.131 0.578 8 3 

T5 0.370 0.342 0.244 0.091 0.397 0.211 4 7 

T6 0.358 0.258 0.268 0.190 0.429 0.425 3 5 

T7 0.559 0.327 0.125 0.184 0.183 0.361 6 6 

T8 0.590 0.394 0.025 0.071 0.041 0.154 9 8 

T9 0.518 0.405 0.111 0.063 0.176 0.135 7 9 

 

4. Conclusion 

This study aimed to achieve high seed cotton 

yield and economic benefits through increasing 

plastic film mulch layers, a low-input method. 

The results show that water l, fertilizer and heat 

application levels all have a statistically 

significant effect on seed cotton yield, IWUE, 

nutrient partial factor productivity. Furthermore, 

the findings support the notion of achieving 

higher seed cotton yield and green-friendly goals 

via a low-input approach. These results provide 

insights for future research focused on achieving 

high seed cotton yield with green-friendly 

agricultural aims. 

Conflict of Interest Statement 

The Authors Declare: no conflict of interest. 

Funding Statement: This work was supported by 

the earmarked fund for XJARS-Cotton projects (g

rant number: XJARS-03-17). 

References 

1. Liu, S., Shi, T., Li, T., You, X., Dai, S., 

Wang, W., Wang, Z. and Ma, X., Climate 

normals shape regional disparities of cotton 

yield failures compared to dominant impacts 

from climate extremes. Eur J Agron, 2025, 

164,127490. https://doi.org/10.1016/j.eja.20 

24.127490 

2. Wang, H., Wu, L., Wang, X., Zhang, S., 

Cheng, M., Feng, H., Fan, J., Zhang, F. and 

Xiang, Y., Optimization of water and 

fertilizer management improves yield, water, 

nitrogen, phosphorus and potassium uptake 

and use efficiency of cotton under drip 

fertigation. Agric Water Manage, 2021, 245, 

106662. 

https://doi.org/10.1016/j.agwat.2020.106662 

3. Bi, Y., Zhou, B., Ren, P., Chen, X., Zhou, D., 

Yao, S., Fan, D. and Chen, X., Effects of 

bacillus subtilis on cotton physiology and 

growth under water and salt stress. Agric 

Water Manage, 2024, 303, 109038. https:// 

doi.org/10.1016/j.agwat.2024.109038 

4. Sun, R., Ma, J., Sun, X., Zheng, L. and Bai, 

S., Responses of soil water–root coupling 

and coupling effects on grapevines to 

irrigation methods in extremely arid region. 

Agric Water Manage, 2024, 302, 108984. 

https://doi.org/10.1016/j.agwat.2024.108984 

5. Kumari, A., Singh, D.K., Sarangi, A., Hasan, 

M. and Sehgal, V.K., Optimizing wheat 

supplementary irrigation: Integrating soil 

stress and crop water stress index for smart 

scheduling. Agric Water Manage, 2024, 305, 

109104. https://doi.org/10.1016/j.agwat.20 

24.109104 

6. Jaafar, H., Karimi, P. and Borgomeo, E., 

Economic irrigation water productivity of 

wheat and potato: An earth observation 

perspective on policy implications in the 

litani basin, lebanon. Agric Water Manage, 

2024,306,109180. https://doi.org/10.1016/j. 

agwat.2024.109180 

7. Sharifzadeh, M., Golabvand, S. and 

Afereydouni, M., Sustainable water 

management in wheat farming: Insights from 

diverse water environments. Agric Water 

Manage, 2024, 306, 109161. https://doi.org/ 

https://doi.org/10.1016/j.agwat.2020.106662


                                                             Sanmin Sun et al. 
CURRENT SCIENCE 

CURRENT SCIENCE CS 6 (2), 6207-6223 (2026) 

 

6219 

 
 

 
 

10.1016/j.agwat.2024.109161 

8. Lone, J.M., Agehara, S. and Abd-Elrahman, 

A., Intermittent sprinkler irrigation during 

the establishment of strawberry (fragaria 

×ananassa duch.) bare-root transplants 

conserves water without loss of yield and 

fruit quality. Agric Water Manage, 2024, 

306,109169. https://doi.org/10.1016/j.agwat. 

2024.109169 

9. 9. Liu, J., Qiu, H., He, S. and Tian, G., Long-

term mulched drip irrigation facilitates soil 

organic carbon stabilization and the 

dominance of microbial stochastic assembly 

processes. Agric Water Manage, 2024, 302, 

109008. https://doi.org/10.1016/j.agwat.202 

4.109008 

10. Kuang, N., Hao, C., Liu, D., Maimaitiming, 

M., Xiaokaitijiang, K., Zhou, Y. and Li, Y., 

Modeling of cotton yield responses to 

different irrigation strategies in southern 

xinjiang region,china. Agric Water Manage, 

2024,303,109018. https://doi.org/10.1016/j. 

agwat.2024.109018 

11. Wu, L., Quan, H., Wu, L., Zhang, X., Ding, 

D., Feng, H., Siddique, K.H.M., Liu, D.L. 

and Wang, B., Plastic mulching enhances 

maize yield and water productivity by 

improving root characteristics, green leaf 

area, and photosynthesis for different 

cultivars in dryland regions. Agric Water 

Manage, 2024, 305, 109105. https://doi.org/ 

10.1016/j.agwat.2024.109105 

12. Guo, H., Wang, X., Wang, Y. and Li, S., 

Effect of mulched drip irrigation on crop 

biomass and carbon fluxes in maize field. 

Agric Water Manage, 2024, 303, 109016. 

https://doi.org/10.1016/j.agwat.2024.109016 

13. Zhang, L., Wei, H., Zhang, M., Yang, Y., 

Huang, Y., Chai, N., Zhang, X., Zhang, K., 

Li, F.-M., Guo, S. and Zhang, F., Adopting 

plastic film mulching system in the food-

energy-water-carbon nexus to the sustainable 

dryland agriculture. Agric Water Manage, 

2024,306,109183. https://doi.org/10.1016/j. 

agwat.2024.109183 

14. Silva, S.P., Valín, M.I., Mendes, S., Araujo-

Paredes, C. and Cancela, J.J., Water 

productivity in vitis vinifera l. Cv. Alvarinho 

using dual crop coefficient approach. Agric 

Water Manage, 2024, 303, 109027. https: 

//doi.org/10.1016/j.agwat.2024.109027 

15. Rezaei, M., Bazargan, K., Shahbazi, K., 

Marzi, M. and Cheraghi, M., Modelling 

phosphorus and potassium dynamics in drip-

irrigated potato systems using coupled agro-

hydrological model. Agric Water Manage, 

2025,321,109920. https://doi.org/10.1016/j. 

agwat.2025.109920 

16. Wang, N., Ai, Z., Zhang, Q., Leng, P., Qiao, 

Y., Li, Z., Tian, C., Cheng, H., Chen, G. and 

Li, F., Impacts of nitrogen (n), phosphorus 

(p), and potassium (k) fertilizers on maize 

yields, nutrient use efficiency, and soil 

nutrient balance: Insights from a long-term 

diverse npk omission experiment in the north 

china plain. Field Crops Research, 2024, 

318,109616. https://doi.org/10.1016/j.fcr. 

2024.109616 

17. Xiao, L., Lin, Y., Chen, D., Zhao, K., Wang, 

Y., You, Z., Zhao, R., Xie, Z. and Liu, J., 

Maximizing crop yield and water 

productivity through biochar application: A 

global synthesis of field experiments. Agric 

Water Manage, 2024, 305, 109134. https:// 

doi.org/10.1016/j.agwat.2024.109134 

18. Lian, Y., Zhang, X., Du, F., Zhang, X. and 

Ali, S., Mulch drip fertigation with diverse 

tillage practices regulating root bleeding sap, 

root growth, lodging resistance and improve 

maize productivity. Agric Water Manage, 

2024,306,109186. https://doi.org/10.1016/j. 

agwat.2024.109186 

19. Zhang, Q., Niu, W., Du, Y., Li, G., Ma, L., 

Cui, B., Sun, J., Niu, X. and Siddique, 

K.H.M., Sustainable effects of nitrogen 

reduction combined with biochar on 

enhancing maize productivity and nitrogen 

utilization. Eur J Agron, 2025, 162, 127429. 

https://doi.org/10.1016/j.agwat.2024.109016
https://doi.org/10.1016/j.agwat.2024.109027
https://doi.org/10.1016/j.agwat.2024.109027


CURRENT SCIENCE CS 6 (2), 6207-6223 (2026) 

 

6220 

                                                             Sanmin Sun et al. CURRENT SCIENCE  
 

 
 

https://doi.org/10.1016/j.eja.2024.127429 

20. Fang, L., Zhang, G., Ming, B., Shen, D., 

Wang, Z., Zhou, L., Zhang, T., Liang, Z., 

Xue, J., Xie, R., Hou, P., Wang, K., Ye, J. 

and Li, S., Dense planting and nitrogen 

fertilizer management improve drip-irrigated 

spring maize yield and nitrogen use 

efficiency in northeast china. J Integr Agric, 

2024. https://doi.org/10.1016/j.jia.2024.09.0 

32 

21. Fernandes, A.M., Sandaña, P., Soratto, R.P., 

Ribeiro, N.P., Rodrigues, F.E. and 

Guimarães, Í.T., Nitrogen efficiency indices 

for sustainable sweet potato production in 

tropical environments. Field Crops 

Research, 2024,315,109449. https://doi.org 

/10.1016/j.fcr.2024.109449 

22. Raphael, J.P.A., Echer, F.R. and Rosolem, 

C.A., Understanding fiber quality in field-

grown shaded cotton: Nitrogen fertilization 

implications. Field Crops Research, 2024, 

317,109543. https://doi.org/10.1016/j.fcr.20 

24.109543 

23. Bi, S., Li, P., Lv, J., Dong, Q., Luo, X., Che, 

Y., Naseer, M.R., Liu, Z., Yu, C. and Peng, 

X., The optimized nitrogen rate reduced 

ammonia emissions from rice paddies in the 

cold region of northeast china. Eur J Agron, 

2025, 164, 127444. https://doi.org/10.1016/j. 

eja.2024.127444 

24. Zhang, Y., Tang, Y., Wang, Z., Feng, S., 

Wang, F. and Hu, Y., Optimizing nitrogen 

and irrigation application for drip irrigated 

sweet potato with plastic film mulching in 

eastern china. Agric Water Manage, 2024, 

302,108997. https://doi.org/10.1016/j.agwat. 

2024.108997 

25. Ru, C., Hu, X., Wang, W. and Yan, H., 

Impact of nitrogen on photosynthesis, 

remobilization, yield, and efficiency in 

winter wheat under heat and drought stress. 

Agric Water Manage, 2024, 302, 109013. 

https://doi.org/10.1016/j.agwat.2024.109013 

26. Gotz, L.F., Alves, E.E.N., Zancanaro de 

Oliveira, T.D., de Souza Nunes, R., Condron, 

L.M., Vergütz, L. and Pavinato, P.S., Long-

term management strategies to optimize 

phosphorus utilization in a tropical maize 

and soybean succession. Field Crops 

Research, 2025, 322, 109767. https://doi.org/ 

10. 1016/j.fcr.2025.109767 

27. Carciochi, W.D., Dobermann, A., Cafaro La 

Menza, N., Brouder, S.M., Donough, C.R., 

Heuschele, D.J., Oberthür, T., Sandaña, P., 

Shehu, B.M., Pereira, J.T.S., Soratto, R.P., 

Volenec, J.J., Wandri, R., Wang, Y., Win, 

S.S., He, P. and Grassini, P., Quantifying 

potassium requirement and removal across 

crop species. Field Crops Research, 2025, 

322,109717. https://doi.org/10.1016/j.fcr.20 

24.109717 

28. Liang, H., Yin, F., Zhang, J., Zhang, J., Zhao, 

Y., Zhao, T., Li, D. and Wang, Z., 

Optimizing potassium management for 

enhanced cotton yields in china's diverse 

agro-ecological regions. Field Crops 

Research, 2025, 323, 109773. https://doi.org/ 

10.1016/j.fcr.2025.109773 

29. Yang, W., Yu, J., Li, Y., Jia, B., Jiang, L., 

Yuan, A., Ma, Y., Huang, M., Cao, H., Liu, 

J., Qiu, W. and Wang, Z., Optimized npk 

fertilizer recommendations based on topsoil 

available nutrient criteria for wheat in 

drylands of china. J Integr Agric, 2024, 23, 

2421-2433. https://doi.org/10.1016/j.jia.202 

3.11.049 

30. Feng, S., Shi, C., Wang, P., Chang, S., Hu, T. 

and Ru, Z., Stem characteristics and yield of 

wheat is regulated to improve planting 

efficiency and reduce lodging risk by 

fertilizer rate and irrigation stage. Agric 

Water Manage, 2024, 306, 109192. 

https://doi.org/10.1016/j.agwat.2024.109192 

31. Hasanain, M., Singh, V.K., Rathore, S.S., 

Meena, V.S., Meena, S.K., Shekhawat, K., 

Singh, R.K., Dwivedi, B.S., Singh, R., Babu, 

S., Upadhyay, P.K., Kumar, A., Kumar, A., 

Fatima, A., Verma, G. and Kumar, S., Crop 

https://doi.org/10.1016/j.eja.2024.127429
https://doi.org/10.1016/j.agwat.2024.109013
https://doi.org/10.1016/j.agwat.2024.109192


                                                             Sanmin Sun et al. 
CURRENT SCIENCE 

CURRENT SCIENCE CS 6 (2), 6207-6223 (2026) 

 

6221 

 
 

 
 

establishment and nutrient management 

options: Optimizing productivity, maximize 

profitability and mitigating adverse climatic 

conditions in the maize-based production 

system of northwest india. Field Crops 

Research, 2024, 318, 109606. https://doi.org/ 

10.1016/j.fcr.2024.109606 

32. Zhang, L., Meng, F., Zhang, X., Gao, Q. and 

Yan, L., Optimum management strategy for 

improving maize water productivity and 

partial factor productivity for nitrogen in 

china: A meta-analysis. Agric Water Manage, 

2024, 303, 109043. https://doi.org/10.1016/j. 

agwat.2024.109043 

33. Zhou, H., Wang, L., Xu, P., Liu, D., Hao, Y., 

Wang, K. and Fan, H., Increasing nitrogen 

supply during limited irrigation improves 

drip-irrigated sugar beet growth, yield, and 

net return in arid areas. Field Crops 

Research, 2024, 319, 109646. https://doi.org/ 

10.1016/j.fcr.2024.109646 

34. Zhang, Y., Li, X., Jia, L., Ji, L., Wang, C., 

Xu, W., Wang, S., Zhou, Y., Han, H., Han, K. 

and Liu, P., Partial root zone irrigation and k 

application improves summer maize 

production and salt resistance in saline soil. 

Agric Water Manage, 2024, 303, 109057. 

https://doi.org/10.1016/j.agwat.2024.109057 

35. Chen, L., Liu, J., Guo, F., Jing, S., Chu, B., 

Qu, Y., Li, W. and Zhang, J., The impact of 

drip irrigation and phosphorus fertilizer on 

enhancing dimorphic seed production of 

lespedeza potaninii in northwest china. Agric 

Water Manage, 2024, 299, 108900. https:// 

doi.org/10.1016/j.agwat.2024.108900 

36. Wang, N., Zhang, T., Li, Y., Cong, A., Lian, 

J. and Feng, K., Integrated application of 

fertilization increased maize (zea mays l.) 

yield by improving soil quality, particularly 

under limited water conditions in a semi-arid 

sandy area. Agric Water Manage, 2025, 309, 

109334. https://doi.org/10.1016/j.agwat.20 

25.109334 

37. Zhang, J., Xie, X., Wu, C., Cai, F. and Xu, 

Y., Effects of delayed nitrogen fertilizer drip 

timing on soil total salt, cotton yield and 

nitrogen fertilizer use efficiency. Agric Water 

Manage, 2025, 312, 109458. https://doi.org/ 

10.1016/j.agwat.2025.109458 

38. Crookston, B.S., Boren, D., Yost, M., 

Sullivan, T., Creech, E., Barker, B. and Reid, 

C., Irrigation technology, irrigation dose, and 

crop genetic impacts on alfalfa yield and 

quality. Agric Water Manage, 2025, 311, 

109366. https://doi.org/10.1016/j.agwat.20 

25.109366 

39. Xu, Z., He, P., Yin, X. and Struik, P.C., 

Smart nutrient management nutrient expert® 

enhances rice productivity through adjusting 

source-sink relationships during grain filling. 

Field Crops Res, 2024, 316, 109479. https:// 

doi.org/10.1016/j.fcr.2024.109479 

40. Bello, A.S., Huda, S., Chen, Z.-H., Alsafran, 

M., Abdellatif, M. and Ahmed, T., 

Maximizing crop yield and economic benefit 

through water and nitrogen optimization in 

bell pepper. Agric Water Manage, 2025, 312, 

109447. https://doi.org/10.1016/j.agwat.202 

5.109447 

41. Broughton, K., Nunn, C. and Bange, M., The 

here and now of climate change: Climatic 

trends throughout australian cotton regions 

and implications for the growing season. 

Field Crops Research, 2024, 315, 109491. 

https://doi.org/10.1016/j.fcr.2024.109491 

42. C, M., N, M., N.K, S., M, D., C, I.R. and E, 

S., Evaluation of high temperature impacts 

and nanotechnology as a shield against 

temperature stress on tomatoes – a review. 

Science of The Total Environment, 2024, 

957,177551. https://doi.org/10.1016/j.scitote 

nv. 2024.177551 

43. Zhang, G., Zhang, S., Xia, Z., Bai, J., Wu, 

M. and Lu, H., Integrated effects of 

polyethylene/biodegradable residual film on 

soil hydrothermal conditions and spring 

maize growth in rain-fed dryland. Agric 

Water Manage, 2024, 305, 109103. https:// 

https://doi.org/10.1016/j.agwat.2024.109057
https://doi.org/10.1016/j.fcr.2024.109491


CURRENT SCIENCE CS 6 (2), 6207-6223 (2026) 

 

6222 

                                                             Sanmin Sun et al. CURRENT SCIENCE  
 

 
 

doi.org/10.1016/j.agwat.2024.109103 

44. Ma, Z., He, J., Zhang, J., Li, W., Yin, F., 

Wen, Y., Liang, Y., Ye, H., Liu, J. and Wang, 

Z., Combination with moderate irrigation 

water temperature and nitrogen application 

rate enhances nitrogen utilization and seed 

cotton yield. Eur J Agron, 2025, 162, 127 41 

7. https://doi.org/10.1016/j.eja.2024.127417 

45. Dai, J., Cui, Z., Zhang, Y., Zhan, L., Nie, J., 

Cui, J., Zhang, D., Xu, S., Sun, L., Chen, B. 

and Dong, H., Enhancing stand 

establishment and yield formation of cotton 

with multiple drip irrigation during 

emergence in saline fields of southern 

xinjiang. Field Crops Research, 2024, 315, 

109482. https://doi.org/10.1016/j.fcr.2024. 

109482 

46. Gul, N., Mangrio, M.A., Shaikh, I.A., Siyal, 

A.G. and Taie Semiromi, M., Quantifying 

the impacts of varying groundwater table 

depths on cotton evapotranspiration, yield, 

water use efficiency, and root zone salinity 

using lysimeters. Agric Water Manage, 2024, 

301, 108933. https://doi.org/10.1016/j.agwat. 

2024.108933 

47. Zhang, L., Cao, Y., Qian, W., Tian, J., 

Huang, S., Qiu, X., Liu, B., Tang, L., Xiao, 

L., Cao, W., Zhu, Y. and Liu, L., 

Spatiotemporal optimization of irrigation 

practices for winter wheat in china: 

Rationale, implications, and solutions. Agric 

Water Manage, 2025, 308, 109297. https:// 

doi.org/10.1016/j.agwat.2025.109297 

48. Asadu, C.O., Ezema, C.A., Ekwueme, B.N., 

Onu, C.E., Onoh, I.M., Adejoh, T., Ezeorba, 

T.P.C., Ogbonna, C.C., Otuh, P.I., Okoye, 

J.O. and Emmanuel, U.O., Enhanced 

efficiency fertilizers: Overview of 

production methods, materials used, 

nutrients release mechanisms, benefits and 

considerations. Environmental Pollution and 

Management, 2024, 1, 32-48. https://doi.org/ 

10.1016/j.epm.2024.07.002 

49. 49. Wang, X., Yang, B., Jiang, L., Zhao, S., 

Liu, M., Xu, X., Jiang, R., Zhang, J., Duan, 

Y., He, P. and Zhou, W., Organic substitution 

regime with optimized irrigation improves 

potato water and nitrogen use efficiency by 

regulating soil chemical properties rather 

than microflora structure. Field Crops 

Research, 2024, 316, 109512. https://doi.org/ 

10.1016/j.fcr.2024.109512 

50. Sun, Y., Duan, L., Zhong, H., Cai, H., Xu, J. 

and Li, Z., Effects of irrigation-fertilization-

aeration coupling on yield and quality of 

greenhouse tomatoes. Agric Water Manage, 

2024, 299, 108893. https://doi.org/10.10 16/ 

j.agwat.2024.108893 

51. 51. Lima, A., Caetano, N., Figueiredo, S. and 

Ramísio, P., Assessing phosphorus fluxes in 

portugal. Sci Total Environ, 2024, 957, 177 

537. https://doi.org/10.1016/j.scitotenv.202 

4.177537 

52. Zhao, S. and Zhang, S., Long-term 

phosphorus addition alters soil enzyme 

kinetics with limited impact on their 

temperature sensitivity in an alpine meadow. 

Sci Total Environ, 2024, 957, 177569. http 

s://doi.org/10.1016/j.scitotenv.2024.177569 

53. Mohammed, G., Siebers, N., Merbach, I., 

Seidel, S.J. and Herbst, M., Simulation of 

soil phosphorus dynamics and crop yield for 

organic and mineral fertilization treatments 

at two long-term field sites. Sci Total 

Environ, 2024, 957, 177517. https://doi.org/ 

10.1016/j.scitotenv.2024.177517 

54. Yang, G., Xiang, H., Fu, Y., Zhou, C., Wang, 

X., Yuan, S., Yu, X. and Peng, S., Optimal 

nitrogen management increases nitrogen use 

efficiency of direct-seeded double-season 

rice using ultrashort-duration cultivars. Field 

Crops Res, 2024,316,109495. https://doi.org 

/10.1016/j.fcr.2024.109495 

55. Deng, J., Liu, K., Xiong, X., Hussain, T., 

Huang, L., de Voil, P., Harrison, M.T., Tian, 

X. and Zhang, Y., Achieving sustainable rice 

production through nitrogen-potassium 

harmony for enhanced economic and 

https://doi.org/10.1016/j.eja.2024.127417


                                                             Sanmin Sun et al. 
CURRENT SCIENCE 

CURRENT SCIENCE CS 6 (2), 6207-6223 (2026) 

 

6223 

 
 

 
 

environmental gains. Agric Water Manage, 

2024, 301, 108949. https://doi.org/10.1016/ 

j.agwat.2024.108949 

56. Daba, N.A., Huang, J., Shen, Z., Han, T., 

Alam, M.A., Li, J., Tadesse, K.A., Gilbert, 

N., Kebede, E., Legesse, T.G., Liu, S., Liu, 

L., Liu, K. and Zhang, H., Green manure 

substitution for chemical nitrogen reduces 

greenhouse gas emissions and enhances 

yield and nitrogen uptake in ricerice 

cropping systems. Field Crops Res, 2025, 32 

2,109715. https://doi.org/10.1016/j.fcr.2024. 

109715 

57. Han, B., He, Y., Zhou, J., Wang, Y., Shi, L., 

Lin, Z., Yu, L., Zhang, W., Geng, Y. and 

Shao, X., Non-linear responses of the plant 

phosphorus pool and soil available 

phosphorus to short-term nitrogen addition 

in an alpine meadow. J Integr Agric, 2024. 

https://doi.org/10.1016/j.jia.2024.07.033 

58. Bai, Z., Bai, W., Xie, C., Yu, J., Dai, Y., Pei, 

S., Zhang, F., Li, Y., Fan, J. and Yin, F., 

Irrigation depth and nitrogen rate effects on 

seed cotton yield, fiber quality and water-

nitrogen utilization efficiency in southern 

xinjiang, china. Agric Water Manage, 2023, 

290,108583. https://doi.org/10.1016/j.agwat. 

2023.108583 

59. Shen, X., Liu, J., Liu, L., Zeleke, K., Yi, R., 

Zhang, X., Gao, Y. and Liang, Y., Effects of 

irrigation and nitrogen topdressing on water 

and nitrogen use efficiency for winter wheat 

with micro-sprinkling hose irrigation in 

north china. Agric Water Manage, 2024, 

302,109005. https://doi.org/10.1016/j.agwat. 

2024.109005 

60. Yang, X., Bol, R., Xia, L., Xu, C., Yuan, N., 

Xu, X., Wu, W. and Meng, F., Integrated 

farming optimization ensures high-yield crop 

production with decreased nitrogen leaching 

and improved soil fertility: The findings 

from a 12-year experimental study. Field 

Crops Res, 2024,318,109572. https://doi.org 

/10.1016/j.fcr.2024.109572 

61. Chen, Y.-N., Fan, C., Šereš, M., Šerešová, 

M., Vymazal, J. and Pan, S.-Y., Lifecycle 

environmental benefits of integrated rational 

fertilization, biochar, and constructed 

wetland in mitigating nutrient loading. Agric 

Water Manage, 2025,307,109202. https:// 

doi.org/10.1016/j.agwat.2024. 109202 

62. Sun, Y., Wu, Q., Chi, D., Chen, H., Zhu, S. 

and Liu, Q., Water–saving irrigation 

combined with n–loaded clinoptilolite 

enhances nutrient yield, and water 

productivity by improving rice root 

characteristics: A combined pca–sem 

analysis. Agric Water Manage, 2025,307,10 

9203. https://doi.org/10.1016/j.agwat.2024.1 

09203 

63. Yao, C., Li, J., Gao, Y., Zhang, Z., Liu, Y., 

Sun, Z., Wang, Z. and Zhang, Y., Delayed 

application of water and fertilizer increased 

wheat yield but did not improve quality 

parameters. Field Crops Res, 2024, 319, 10 

9649. https://doi.org/10.1016/j.fcr.2024.109 

649 

1. 

 

 

https://doi.org/10.1016/j.jia.2024.07.033

