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Water-nitrogen coupling dynamics under salt leaching
during growth stages in saline-alkali cotton fields

REN Zhiwen, CAO Hongxia, HU Qingyang, QI Chen, LI Zhijun
(Key Laboratory of Agricultural Soil and Water Engineering in Arid Areas, Ministry of Education,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: To improve the soil water and salt conditions in saline-alkali cotton fields, as well as to increase
seed cotton yield and enhance water and nitrogen utilization efficiency, a cotton leaching experiment with varying ir-
rigation and nitrogen application rates was conducted in 2023. A complete factorial design was used, consisting of
three irrigation levels (W1 1.0 ET,, W2, 1.25 ET,, W3, 1.5 ET,) and four nitrogen application rates (N1: 0 kg

- hm™, N2: 100 kg + hm™, N3: 200 kg - hm™*, N4 300 kg + hm™). The findings indicated that an increase in
irrigation flushing rate lowered soil salt content within the rows while raising it between them. The combination of
high water and high nitrogen (W3N4 treatment) led to excessive vegetative growth and delayed maturity of cotton
plants, intensifying nutrient competition between leaves and bolls which ultimately reduced seed cotton yield. Con-
versely, optimal flushing fertilization ( W2N4 treatment) effectively decreased soil salt concentration in the root
zone while enhancing leaf area index and effective boll number during both boll initiation and blooming phases,
which resulted in increased dry matter accumulation as well as seed cotton yield. Furthermore, a bivariate quadratic
regression model was developed to analyze the relationship between irrigation volume, nitrogen application rate,
seed cotton yield, and nitrogen agronomic utilization efficiency. Single-factor analysis revealed that seed cotton yield

initially increased before declining with rising irrigation volume but consistently increased alongside higher nitrogen
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application rates. Similarly, the nitrogen agronomic utilization efficiency exhibited an initial increase followed by a

decrease as both irrigation volume and nitrogen application rate escalated. Two-factor interaction analysis demonstra-

ted that both seed cotton yield and nitrogen agronomic utilization efficiency first rose then fell with increases in these

variables’ levels; notably, the effect of irrigation volume on these outcomes surpassed that of nitrogen application

rate. Based on the insights from this regression model, an optimal strategy for managing salt levels while maximizing

seed cotton yield through appropriate irrigation practices is proposed. The model was used to optimize irrigation, fer-

tilization, and salt control strategies for seed cotton yield and nitrogen agronomic efficiency. The recommended irri-

gation level ranges from 1.14 to 1.30 ET,, with a nitrogen application rate of 171 to 228 kg - hm™.

Keywords: cotton; salt leaching; water-nitrogen coupling; irrigation amount; nitrogen agronomic efficiency
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Table 1

Irrigation and fertilization treatment during the

whole growth period of cotton in 2023

H it HEJKAE Trrigation/mm  Jili%( & Nitrogen/ (kg - hm™2)
Date (m—-d) W1 w2 W3 NI N2 N3 N4
06-11 37.50 46.88  56.25 0 0 0

o

06-22 30.59  38.23  45.88 0 10 20 30
07-02 28.57 35.71 42.86 0 10 20 30
07-11 25.67 32.09 38.51 0 10 20 30
07-18 49.45 61.81 74.18 0 20 40 60
07-26 44.28 55.35 66.42 0 20 40 60
08-03 49.25 61.56  73.88 0 20 40 60
08-10 26.87 33.59  40.31 0 10 20 30
08-19 16.24  20.30  24.36 0 0 0 0
0

/N Total 308.42  385.52  462.65 100 200 300
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T1 = (lna - 1.317)/k (4)
T2 = (lna + 1.317)/k (5)
T3 = (lna - 2.197)/k (6)
T4 = (lna + 2.197) /k (7)
AT =T4 - T3 (8)
Vi = kD, /4 (9)
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Fig.2 Soil salinity inside and between the film at the end of cotton growth stage
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®2 AEALETHREREETHHAKS cm
Table 2 Plant height of cotton at different growth

stages under different treatments

Ib B i M A B
Treatment Seeding Budding Blooming Bolling
WINI 40.83f 51.33e 79.67f 99.33h
WIN2 42.17e 55.17cde 81.33ef 105.67ab
WIN3 42.37de 56.33bed 85.00cd 102.00b
WIN4 43.50¢ 60.67ab 88.83de 104.33ab
W2N1 41.63ef 52.83de 87.33bed 101.00b
W2N2 41.87e 58.40bc 90.67bed 99.00b
W2N3 43.17cd 58.50bcd 92.00abc 96.67b
W2N4 43.87¢ 65.00a 94.00ab 101.67ab
W3N1 42.27de 62.00bcd 91.00a 103.00ab
W3N2 46.00a 59.33b 93.33abc 99.67b
W3N3 45.60ab 59.67ab 94.33ab 103.67ab
W3N4 45.03b 58.00bc 95.17bed 112.00a
W 107.95" " * 6.56" " 41,717 " 3.56"
N 56.53" " 15.89* * * 3.80" 2.87NS
WxN 10.34* " 325" 3.58" 1.27NS

TE AR/ ING SRR3R 7 [R5 B b 2] 22 5 1 2, 1 3 K
- P<0.05, JrE T, W FRRBEBK T N FORHA L, = | x = |
w x # R FRTE 0.05.0.01,0.001 K- i3 NS FRGERA R,
T,

Note; Different lowercase letters indicate significant differences be-
tween data treatments in the same column, with a significance level of P<
0.05. In the analysis of variance. * , * *  and * * * represent signif-
icant differences at the level of 0.05, 0.01, and 0.001, respectively. NS

indicates insignificant difference. The same below.
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Fig.3 Leaf area index of cotton at different growth stages

under different treatments
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Table 3  Plant height and leaf area index of cotton at different growth stages under different treatments

g [l )75 D T1 T2 AT/d Vinas R?
Treatment Regression equation / (kg - hm™?) /d /d / (kg - hm™2 - d7! )

WINI y=203.33/(1+271.53e 0058 20332.5 74 119 76 294.8 0.981
WIN2 y=229.30/(1+219.41e7005%) 22930.2 75 124 81 309.6 0.984
WIN3 y=232.54/(1+338.38e 70062 ) 23254.2 73 115 71 360.4 0.992
WIN4 y=238.84/(1+261.93¢ 700 23778.7 72 117 74 352.3 0.991
W2N1 y=220.28/(1+183.14e7005%) 22028.3 73 123 83 291.9 0.986
W2N2 y=227.05/(1+228.52¢7005) 22704.9 73 121 78 317.9 0.986
W2N3 y=237.79/(1+301.20e %9 23883.6 74 119 74 350.7 0.992
W2N4 y=242.88/(1+287.72¢ 700" 24287.8 75 120 76 352.2 0.992
W3NI1 y=221.57/(1+365.72¢ 002 ) 20280.6 69 114 74 299.1 0.994
W3N2 y=248.22/(1+237.10e 005" ) 22469.2 70 114 73 337.0 0.992
W3N3 y=240.78/ (1+250.99¢ 007 22727.6 68 104 60 414.8 0.994
W3N4 y=230.22/(1+248.53¢ 060" ) 21737.4 68 104 59 407.6 0.986

TE D A BoR TP B SRR R AAHIC R B T1 o T B D AT AR IR TE] 5 72 S T4 B i i BRGSO ] AT A T A

SRRV, TP B R SRR,

Note: D is the maximum dry matter accumulation; R? is the coefficient of association; T1 is the beginning time of rapid accumulation of dry matter

mass; T2 is the end time of rapid accumulation of dry matter mass; AT is the effective accumulation time of dry matter; V,

rate of dry matter.

is the maximum accumulation

max

R4 BEXENEREXNBEFTERKEF AENZN
Table 4 Effects of irrigation and nitrogen application on cotton yield and water and nitrogen use efficiency

fb g AR EL HEL *H‘EFEE‘. THE MWK ARE  AIOWA ARREFHE

Treatment Boll number Individual boll Seed cotton yield Dry matter IWUE NPFP NAUE
per plant weight/g /(kg-hm™)  /(kg-hm?) /(kg+m™) /(kg - kg™) /(kg - kg™)

WIN1 6.0e 3.93f 5575.09¢ 18382.42¢ 1.81d

WIN2 5.8e 4.37de 6015.72f 20204.33d 1.95¢ 60.2h 4.41cd

WIN3 6.7¢ 4.46h 7092.60cd 21414.71¢ 2.30a 35.5d 7.59ab

WI1N4 6.7¢c 4.45bced 7118.38¢ 21698.66bc 2.31a 23.7f 5.14bed

W2N1 5.9e 4.38cde 6179.46f 18171.46e 1.58e

W2N2 6.7¢ 4.48h 7089.14cd 20934.84cd 1.81d 70.9a 9.10a

W2N3 7.0b 4.51b 7529.98b 22571.15b 1.93¢ 37.6¢ 6.75abc

W2N4 7.5a 4.53b 8114.36a 25310.74a 2.08b 27.0e 6.45abc

W3N1 6.3d 4.47h 6697.93¢ 18765.52¢ 1.41f

W3N2 6.5¢cd 4.63a 7192.37¢ 20760.35¢d 1.52e 71.9a 4.94bed

W3N3 6.6cd 4.69a 7315.26bc 20714.33cd 1.54¢ 36.6cd 3.09de

W3N4 6.6¢ 4.32¢ 6812.28de 18611.66e 1.44f 22.7f 0.38e

\ 3777 94.04" " " 98.69* * * 40.89" * * 806.50" * * 1045 " 27.02" "
N 748" " 8297 * 146.26 " * * 82.85" " " 161.32" "~ 6607.2" " 6.64" "
WxN 163" 4023 " 31.317 " 19.12" "~ 37.047 %" 56.1" " 5.02" 7
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300 kg + hm R T, FF AR 60 Bl it 20 19 3
B, 4 22=1.0 B, BI04 300 kg - hm > 4b 7™
TS R 7 319.52 kg + hm™,

XFRAE A E AL F AR S, Y ©<0.67 i,
VKA 0N K Tl AR RN 5 2 0>0.67 B, ife
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BTN, A A6 2 Z AR 2% R e e 18 KR 0/, 7 6
HRIEE D B . 24 21 =0.61 I, BIBEKR7E 1.31
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M x2=0.74 B}, Bt R AE 222 kg - hm P Ab R R K
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Table 5 Regression equations of irrigation and nitrogen fertilizer application rate

with yield and nitrogen agronomic use efficiency of cotton

745 & Dependent variable [El )9 /7 F# Regression equation R?
7= Seed cotton yield y=5291.77+3343.255x1+3331.59142-1572.2x1x2-2003. 11x1% - 1303. 84422 0.887
AERFH R NAUE y=2.105+14.112x1+11.437x2-7.952x 122~ 11.72x12 = 7. 748x2> 0.869

VE el 1 22 4350 SR T A e G S

Note: x1 and x2 represent irrigation and nitrogen application rate, respectively.

x1=0.61

x2=0.74

HALAR 2 R F %6 NAUE!%
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Fig.4 Effect of single factor on yield and agronomic use efficiency of nitrogen fertilizer
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Fig.5 Three-dimensional relation surface of interaction effect between irrigation amount and nitrogen application amount



%5 3 3]

RS SCAE AR R UE T R AR AR 7 I 3K SO & 7 85 67

T B KA 7 710 kg - hm ™, X 7K i
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Fig.6 Comprehensive evaluation of yield and agricultural use
efficiency of nitrogen fertilizer by irrigation and nitrogen
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