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Abstract

[ Objective]
The Tarim River Basin is China’s most important production base for high-quality cotton, but severe water
scarcity and soil salinization are major constraints on sustainable cotton production. Traditional pre-winter
flood irrigation is water-intensive and inefficient; therefore, adjusting irrigation strategies and improving
water use efficiency are essential for the sustainable development of cotton in this basin. Years of practical
application have confirmed that the “Dry Sowing Wet Emergence” (DSWE) technique, as an innovative
water-saving seeding method, can significantly reduce pre-sowing irrigation volumes, lower irrigation quotas,
and improve water use efficiency in cotton production, making it of great significance for promoting the
sustainable development of cotton in the basin. However, the spatiotemporal patterns of soil water, heat, and
salt dynamics in cotton fields under the DSWE irrigation regime, as well as the comprehensive mechanisms
by which these factors influence cotton seedling emergence, growth and development throughout the entire
growth period, and yield formation, remain unclear. This lack of understanding has hindered the full
realization of this technology’s potential. This study aims to systematically elucidate the regulatory effects
of different irrigation regimes on the soil water, heat, and salt microenvironment in cotton fields and on cotton
growth, thereby providing a theoretical basis and technical support for the optimization and selection of
water-saving, high-yield irrigation models for saline-alkali cotton fields in southern Xinjiang.

[ Methods]
The experiment was conducted in a typical arid climate zone at Regiment 30, Second Division of the Xinjiang
Production and Construction Corps. Three treatments were established: conventional pre-winter flood
irrigation (W1, irrigation volume 3,300 m3-hm™), dry seeding with post-sowing irrigation (DSWE, post-
sowing irrigation 450 m*-hm™), and pre-winter flood irrigation combined with post-sowing drip irrigation
for seedling emergence (WI-DE, winter irrigation 3,300 m?-hm + post-sowing drip irrigation 225 m3-hm™).
Through continuous on-site monitoring of the spatiotemporal dynamics of soil moisture, salinity (electrical
conductivity), and temperature in the 0—40 cm soil layer from 0 to 40 days after sowing, a systematic analysis
was conducted in conjunction with cotton emergence rate, plant height, stem diameter, leaf area index (LAI),
relative chlorophyll content (SPAD), patterns of dry matter accumulation and distribution, as well as final
yield and economic benefits throughout the entire growth period. Furthermore, a multi-objective
comprehensive evaluation of the overall benefits of each irrigation regimen was conducted using a TOPSIS
model with combined weighting based on the Entropy Weight Method (EWM) and Analytic Hierarchy
Process (AHP), as well as methods such as RSR, FCE, and CEI.

[Results]

(1) Regulatory Effects of Different Irrigation Regimes on the Soil Water-Heat-Salinity Microenvironment in



Cotton Fields

The DSWE regime, through precision drip irrigation, created a distinct center of high soil moisture (25%—
27.70%) directly beneath the emitters. Throughout the monitoring period, soil moisture in the 0-20 cm layer
remained significantly higher than in the WI and WI-DE treatments, effectively ensuring the water required
for seed germination. Horizontally, the DSWE system established a salt distribution pattern characterized by
“lower concentrations in the center and higher concentrations at the periphery.” Salinity was effectively
leached directly beneath the emitters (conductivity reduced to 512.5-625.0 uS/cm) and pushed toward deeper
layers (conductivity of 1,188 uS/cm at 30—40 cm), successfully creating a “low-salinity zone” in the critical
seed germination area. Since winter irrigation was eliminated, the DSWE model featured low initial soil
moisture and low thermal capacity, resulting in rapid soil warming. During the critical growth period 2040
days after sowing, the daily average soil temperature was significantly higher by 1.5-2.8 °C compared to the
WI model, with temperatures in the 0-10 cm soil layer ranging from 25-30 °C—within the optimal
temperature range for cotton seedling emergence.

(2) Major Factors Influencing Cotton Germination and Seedling Growth

The “high moisture, low salinity, high soil temperature” microenvironment created by the DSWE model not
only ensured germination rates but also significantly improved seedling growth quality. The germination rate
reached 83.3%, higher than that of the WI (82.7%) and WI-DE (79.2%) treatments. Correlation analysis
indicates that soil temperature at 0—10 cm (r = 0.88) and soil moisture content at 0-20 cm (r = 0.89) are the
dominant factors promoting germination and seedling growth, while surface soil electrical conductivity (r =
—0.95) is the primary limiting factor.

(3) Effects of Different Irrigation Regimens on Cotton Growth Throughout the Entire Growth Period

The vegetative growth advantage of the DSWE treatment persisted from the seedling stage through the
middle and late growth stages. From the peak budding stage to the early peak boll stage, plant height and
stem diameter in the DSWE treatment were significantly higher than those in the WI and WI-DE treatments,
with daily plant height increments 7.7% and 15.4% higher than the latter two, respectively. Regarding
photosynthetic performance, the DSWE treatment exhibited significantly higher LAI than the WI treatment
during the peak budding and peak flowering stages, with two-year averages exceeding those of the WI
treatment by 4.8% and 10.5%, respectively; leaf SPAD values remained at a consistently high level from the
peak flowering stage to the boll opening stage, effectively delaying the decline in leaf function and ensuring
the supply of photosynthetic products during the flowering and boll-filling stages. Regarding dry matter
accumulation, the DSWE treatment showed significantly higher dry matter accumulation than the WI
treatment starting from 90 days after sowing, maintaining a relative advantage throughout the entire growth
period and achieving the highest cumulative dry matter yield. The distribution ranges of all these indicators

met the quality requirements for high-yielding cotton populations.
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(4) Eftects of Different Irrigation Regimens on Cotton Yield and Economic Benefits
By promoting early vegetative growth and enhancing photosynthetic capacity, the DSWE treatment
significantly increased the number of bolls per plant. Seed cotton yield was the highest in both years, with
increases of 2.6% and 7.6% compared to the WI and WI-DE treatments, respectively. While the difference
from the WI treatment was not statistically significant, it was significantly higher than that of the WI-DE
treatment (P < 0.05). In terms of economic benefits, the DSWE treatment required only 450 m*-hm=2 of
irrigation water, representing a water savings of up to 86.4% compared to the W1 treatment. Water costs were
only 135 yuan-hm™, far lower than those of the WI and WI-DE treatments. Driven by the synergistic effects
of yield and cost advantages, the DSWE treatment ranked first in net profit for both years, with net profits
increasing by 1,952 yuan-hm™ and 4,136 yuan-hm™ compared to the WI and WI-DE treatments, respectively.
(5) Multi-model Comprehensive Evaluation
The TOPSIS evaluation results, constructed based on AHP-EWM combined weighting, indicate that the
DSWE treatment has the highest relative proximity (Ci = 0.8258), the smallest positive ideal distance (D" =
0.0717), and the largest negative ideal distance (D~ = 0.3396), ranking first overall. The cross-validation
results of the RSR, FCE, and CEI methods fully align with the TOPSIS ranking, with a consistent order of
preference: DSWE > WI > WI-DE. This further validates the robustness and scientific validity of the
evaluation conclusions.

[ Conclusion]
The Dry-Sow-Wet-Emerge (DSWE) method, through post-sowing precision drip irrigation, effectively
improves the water, heat, and salt microenvironment in the cotton root zone while significantly conserving
water resources. successfully alleviating the dual constraints of salinity-alkalinity stress and early spring low
temperatures on cotton seedling emergence in the Tarim River Basin. It achieved seedling emergence rates
comparable to or better than those of the winter irrigation treatment, significantly improved growth quality
indicators such as seedling height and stem diameter, and promoted population growth quality and
photosynthetic product accumulation throughout the entire growth period, thereby increasing both yield and
efficiency. Comprehensive multi-objective evaluation results indicate that the “dry seeding, wet emergence”
model is the optimal irrigation strategy for achieving synergistic water conservation, salt control, temperature
increase, growth promotion, and efficiency enhancement in drip-irrigated cotton fields in the Tarim River
Basin, and holds significant value for widespread application.
Key words: sub-mulch drip irrigation; dry seeding, wet emergence; Tarim River Basin; cotton; water-heat-

salt dynamics; comprehensive evaluation
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B1E #ip BAFRFHMEFMIL

1% 456.94 uS/em; EKJGBEH B REACERIN TR, REDIEH R EERM, HRERK
BRI I, 0-10 em T2 B SR 5 BREY. BT ERAERE S 10 K P AT H K
oy, H20-30 RS RIEIF, B3E S TEEMZ UM, T 2 Ok HE T
WNFEHEBRAERF T RS B R BE AR, FEJE 15-30 K 338 L 5 S A B VTR O Ak FR ARG
16.0%-27.2%, HBIRE T #e KSR 502,

1.2.3 BRI RIEE KA BHIF NI

HH 2R P FE S T BT R BRI A% O R bR, B U S AR R A
B 7. MACHT KA BOMK Sy IRERER T UK, =B SR AE RO B
JREN . WHTERIL, AFIRRE. U AN 2 YO RE =P A B ) P AR (85.1%-
86.9%), FHHMIHAE B /K 7> 26 T ¥ AR UEFT -0 5 AEHE N AR PP B, B IR i VR Ak 38
Rl -3 Eh o 2RI T, GRS REIET, RN 60.1%, &E K TI8HEN 80.1%
M2 T RET 81.8%, 22 UG HE DR B % o5 B BR UR HE AR 151 36.5%

WL, B EEACEDIE I, HER 2T ERERES, 4 EREKER N T
195 m*hm2ff, C3 4P (150 m**hm2) HEZHE C1 4 (60 m*hm2) $2Ft 15.09%;
PRI A 3 HH T 2 B v TR, 2022 AR T E R IR T 2.42%; SREVEIT
P HE (105+45 m>hm™) [ C5 ALBH B2 5 e Rl L. EATE SN, HEKE
i (21125 m*hm™) R FECH BRI N, TR K E R RHE . b 1%
FUBR S ST PO HE A, ViR A B B K R 3R S KA R A T 3R T K
R RBED,

PR e FH 250 R S WA A 78 TR AR KR VL B B B F0 A5, 52 H B BAAI A2 B BEEAR =X
LR Y T RR SRR T, B SRS TCIE e S e Y i B 2 A Al B AR, X
A F AR R 2R A RN . SRR ORI SRR T, B R B RE A B ES A,
RRAEIA o 72 1 391 52 H B E K AU R s 38— UCRE KON AE PR i S MR e R, AR D L
HEACGERUT C3 MR KT C5 Ab3, C2 A3 KT C4 kb3 HEE/KEFITR (Cl
AR, 60 m*-hm2) [IARIRSZ KIS (AT 2 WhE, Sh %%/, FTTUE MR ELE 71 cm A2
H, BT (C6) F#MK 25.58%, H.JE HAK HEMBE AR fe 7= A2 A R RN

FEZM T, AEXRAEE (CK) 2R FHIZHER, THHIEH Co 4b#E (150+45
m*hm2) 5 CK #Hif, ZRY 3.1%; 1fi K e FRARN C1 A2 B & Wik, 5
CK AHLEFEAIG 24.45% . Dai ZB2AHFFABIUESL, 2 KA EERR e 3R 508 3
SEFEAR Y, 2 T R AL B . X R VU L K SR A BN AR AR A A i B
BBEIAER, WK 75 SR EER A i R ) A A 0 i e DAAE i B 52 AR A

HTAFE S (LAD 2 UE e &4 =R TG 2, B G ResiR =
T AR RO FREUE A, FEASE SO0 i A P TR 1 s e 7 1 B R AT B35 3R,
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