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Abstract: Determining a suitable “dry sowing and wet emergence” water control program for cotton
fields in the arid regions of Northwest China is of great significance in saving water resources, im-
proving economic efficiency, and promoting sustainable development of agriculture. The objective of
this study was to analyze the effects of different “dry sowing and wet emergence” water control treat-
ments on dry matter accumulation, chlorophyll fluorescence, yield quality, and water productivity of
cotton, and to determine the optimal “dry sowing and wet emergence” water control program for
cotton growth in arid areas. A two-year experiment was carried out in 2021 and 2022 in mulched
drip-irrigated cotton fields, with a total of 13 treatments of different seedling water quantities (2021:
67.5 mm, 90 mm, 112.5 mm; 2022: 6 mm, 10.5 mm, 15 mm) and different drip frequencies (frequencies
means number of drops at seedling stage) (2021: one, two, three times; 2022: two times, four times)
in the “dry sowing and wet emergence”. Results indicated a positive correlation between increased
seedling water quantity and growth indexes. High seedling water quantity treatment demonstrated a
14.33% higher cotton yield than the low seedling water quantity treatment. In comparison with low-
frequency treatment, the high-frequency treatment exhibited significantly larger cotton plant height,
dry matter accumulation, and yield. Over two years, the average values increased by 8.69%, 16.4%,
and 15.91%, respectively, with a 14.55% increase in the coefficient of photochemical quenching of the
leaf blade (qP). The high frequency and larger amount of seedling water quantity treatments showed
significantly higher irrigation water productivity, with increases of 39.2% and 70.2% compared to
the winter irrigation control treatment. In summary, the appropriate “dry sowing wet emergence”
water regulation mode (the first drip: 15 mm, the second drip: 4.5 mm, the third drip: 22.5 mm, the
fourth drip: 15 mm) can ensure crop yield quality under the premise of significantly reducing the
agricultural irrigation water, which can provide certain theoretical support for the green, efficient,
and sustainable development of the local cotton industry.

Keywords: water management; dry sowing and wet emergence; dry matter accumulation; chlorophyll
fluorescence; yield; water productivity

1. Introduction

Xinjiang is situated in the arid northwestern region of China, grappling with severe
freshwater scarcity, limited agricultural water supply, and intense pressure on water alloca-
tion [1-3]. Serving as a vital high-quality cotton production hub in China and representing
a paradigmatic instance of pure irrigated agriculture, Xinjiang utilizes approximately 95%
of its water for agriculture. The majority of cotton cultivation necessitates winter irrigation
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for soil salt removal and spring irrigation to maintain soil moisture pre-planting [4,5]. With
the implementation of the “three red lines” water resources management system [6,7], the
region faces challenges in meeting water demands for winter and spring irrigation. Conse-
quently, the research and development of innovative agricultural water-saving irrigation
technology have emerged as pivotal strategies to enhance water resource utilization in the
arid regions of Northwest China, ensuring the sustainable development of the agricultural
economy [8,9].

Cotton “dry sowing and wet emergence” technology involves harvesting the pre-
vious crop, crushing the straw, and returning it to the field, turning the original winter
and spring irrigation water storage and moisture preservation mode into the sowing of
mulch moisture preservation and drip irrigation to replenish moisture. In comparison to
traditional winter and spring irrigation methods, the innovative water-saving irrigation
technique of “dry sowing and wet emergence” eliminates the need for pre-sowing irriga-
tion. Instead, it requires precise dripping of the appropriate seedling water post-sowing,
exhibiting characteristics such as high-water utilization, robust seedling emergence, and
cost-effectiveness [10]. Utilizing the “dry sowing wet emergence” technology in cotton field
production, the Xinjiang Construction Corps can save 2550 m® of production water per
hectare, resulting in cost savings exceeding 60 yuan [11]. The implementation of “double-
film mulching” technology proves effective in preventing natural disasters in the southern
Xinjiang region, characterized by frequent extreme weather events such as sandstorms,
hailstorms, and high winds. This technology offers advantages in water retention, seedling
preservation, salt suppression, and salt control [12]. The water control technology of “dry
sowing and wet emergence” under the condition of “double-film cover” plays a pivotal
role in mitigating regional water scarcity, reducing costs, and increasing the income of
cotton farmers.

“Dry sowing and wet emergence” technology mainly uses drip irrigation under
the membrane for water conservation, heat preservation, and moisture retention. Drip
irrigation under the membrane can effectively utilize water resources, but also reduce
soil water evaporation and ground temperature loss, which can provide a good soil and
water environment for the growth of cotton seedlings. Yuan, et al. (2023) [13] found that,
under the condition of “dry sowing and wet emergence”, a large amount of irrigation is
not conducive to the growth of cotton. Yuan, et al. found that too much water will lead to
lower ground temperature, affecting the growth of cotton seedlings; 67.5~90 mm irrigation
and 2~3 times the frequency of irrigation is more conducive to the growth of cotton. Zheng,
et al. (2023), Han, et al. (2023) [14,15], and other studies show that a smaller amount of
irrigation cannot keep the fertility of the cotton compared to normal water demand; cotton
growth slowed down due to water stress and photosynthesis is significantly reduced. Tang
et al. [16] demonstrated that regulating irrigation with root zone water, particularly deficit
irrigation in the root zone, decreased above-ground biomass accumulation. Simultaneously,
there was a significant increase in the accumulation of root biomass in the below-ground
root system. Despite a certain decrease in both reproductive and nutrient growth, no
significant reduction in yield was observed. Lokhande and Reddy [17] conducted four
irrigation water conditioning treatments and found that under severe water deficit (40%
evapotranspiration), seed cotton weight, number of bolls, and total biomass decreased
significantly; cotton fiber length and strength decreased linearly with increasing water
stress and seed cotton weight; and total biomass increased gradually with decreasing water
stress. Brewer et al. and Unlii et al. [18,19] conducted experiments with different irrigation
water gradients in arid regions and found that yield response was sensitive to soil moisture
conditions, and that water under-irrigation treatments significantly affected the crop’s seed
cotton yield and dry matter accumulation, and progressively decreased with increasing
soil water deficit. In summary, crop physiological growth indexes under drip irrigation
conditions may be significantly different due to condition factors such as different water
irrigation, different number of drips, and different drip zoning, etc. To synthesize the
above aspects of the upcoming study, it was hypothesized that (i) the higher the irrigated
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seedling water quantity, the greater the dry matter accumulation and yield indexes of
cotton will be. (ii) The higher the number of irrigations, the smaller the cotton chlorophyll
fluorescence physiological indicators. (iii) Changes in cotton fiber quality characteristics
are more relevant to irrigation seedling water quantity than drip frequency.

At present, the technology of “dry sowing and wet emergence double-film cover” in
the southern border area is not mature, because the “double-film cover” condition of “dry
sowing and wet emergence” water regulation affects the physiology of the crop, and the
growth characteristics of the crop are complex and variable. In addition, it is important
to explore the response mechanism of yield, quality, and water production efficiency to
“dry sowing and wet emergence” water regulation, and to determine the appropriate
“double-film cover dry sowing and wet emergence” water regulation program. In addition,
the previous research on cotton physiology, growth, and water productivity mainly focused
on the traditional winter and spring irrigation or under-membrane drip irrigation single-
film cover technology. Although the salt pressure effect is better, the utilization rate of
agricultural water resources is extremely low. Therefore, this study was carried out in the
arid region of Northwest China for a period of two years to study the effect of “dry sowing
and wet emergence” water regulation on cotton physiology, growth characteristics, and
water production efficiency under the condition of “double-film cover”. The study aimed
to realize the following objectives: (i) To study the effects of different “dry sowing and wet
emergence” water control on crop physiology (chlorophyll fluorescence parameters) and
growth (plant height, stem thickness, dry matter accumulation) characteristics. (ii) To clarify
the correlation between chlorophyll fluorescence parameters and dry matter accumulation,
construct fitting equations will be used to explore the chlorophyll fluorescence parameters
that best fit dry matter accumulation. (iii) Explore the response relationship between the
irrigation water quantity and drip frequency of “dry sowing and wet emergence” and
the yield, fiber quality, and water production efficiency, and calculate the seedling water
quantity and drip frequency required to maximize crop yield, quality, and irrigation water
production efficiency.

2. Materials and Methods
2.1. Overview of the Test Site

The experiment took place in Hai Lou Town, Shaya County, Xinjiang, China (41.22° N,
82.78° E) from March 2021 to October 2022, as illustrated in Figure 1. The study area
features a warm-temperate desert fringe climate with an annual precipitation of only
47.3 mm, a maximum annual evaporation of approximately 2000.7 mm, significant day-
night temperature fluctuations, and frequent extreme weather events like wind, sand, and
hail [20]. These phenomena are influenced by desert sands from neighboring counties and
the Taklamakan Desert. Table 1 presents the physical properties of the soil in the test area,
including soil capacity and field water holding capacity measured using the indoor ring
knife method. Soil texture is shown in Table 1, with the water table approximately 3.8 m
below the surface. Meteorological parameters, such as rainfall, air temperature, wind speed,
and barometric pressure, were recorded by an automatic monitoring meteorological station
installed in the experimental area. Data were stored in a data logger at 30-min intervals
(see Figure 2).
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Figure 1. Location map of the test area. (a) Shows the map of counties in Xinjiang Uygur Autonomous
Region (XUAR), China; (b) Map showing the location of Shaya County, Xinjiang Uygur Autonomous
Region. (c) Map showing the location of a typical test area for cotton in Hailou Township, Shaya
County; (d) shows the location of a typical 100-acre cotton test field in the Town of Hailu.

Table 1. Physical and chemical properties of soil before irrigation.

Physical and Chemical Properties of Depths/cm
Soil before Irrigation 0~10 10~20 20~30 30~40 40~60 60~80 80~100
Bulk density / (g-cm*“”) 1.48 1.46 1.45 1.50 1.62 1.51 1.41
Field water holding capacity (%) 25.51 25.33 26.41 23.51 29.94 18.91 8.28
Soil salt content, 2021 (g-kgfl) 1.87 1.71 2.18 1.47 1.22 0.75 0.58
. .. mild mild moderate mild Slightly non- non-
Degree of soil salinity, 2021 salinity salinity salinity salinity saline soil saline saline
Soil salt content, 2022 (g~kg_1) 1.88 1.80 1.92 2.52 3.27 0.56 047
a mild mild Slightly =~ moderate =~ moderate non- non-
Degree of soil salinity, 2022 salinity salinity ~ salinesoil  salinity salinity saline saline
Sand (%) 35.7 41.2 39.9 36.9 39.1 224 255
Slit (%) 55.2 53.0 51.3 55.0 52.3 68.6 68.9

Clay (%) 9.1 5.8 8.8 8.1 8.6 9.0 5.6
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Figure 2. Meteorological data of cotton growing season in 2021 and 2022 in Shaya, Xinjiang.

2.2. Experimental Design

The 2021-2022 experiment utilized the locally prevalent cotton variety “Yuan Cotton
No. 11” as the test crop. Planting occurred on 18 April 2021, and 10 April 2022, respectively,
employing a planting mode of 1 film, 3 tubes, and 6 rows. Based on the cotton rows and
drip irrigation belt placement, the planting area was categorized into wide rows, narrow
rows, and bare ground between the film. Distances between wide rows, narrow rows,
and film were 66 cm, 10 cm, and 46 cm, with a plant spacing of 10 cm (Figure 3). The
2021 experiment adopted the drip irrigation belt layout commonly used in the local area,
positioned between the wide rows of the cotton crop (Figure 3a). This method simplifies
the mechanical mulching of the membrane and sowing seedlings in a single integrated
operation but necessitates a waiting period for moisture to flow into the membrane holes.
The 2022 trial placed drip tape between narrow rows (Figure 3b), where drip irrigation
water could flow directly into the membrane holes. In 2021, seven distinct water control
treatments were implemented (refer to Table 2), comprising three seedling water levels
(67.5, 90, 112.5 mm) and three drip frequencies (frequencies means number of drops at
seedling stage) (1, 2, 3 times). The control treatment involved a locally managed double-
film-covered winter-irrigated cotton field labeled as CK, with a watering quota of 225 mm
and an irrigation scheduled for 15 November 2020. The year 2021 marked the initiation
of the “dry sowing and wet emergence” water control trial, devoid of winter and spring
subirrigation. To ensure an optimal water and salt environment in the soil, in order to follow
the principle of “first water pressure salt”, a larger “dry sowing and wet emergence” water
control interval was designed. Building upon the 2021 experiment, additional experiments
were conducted in 2022. Seven varied experiments were set up, incorporating three seedling
water levels (6, 10.5, 15 mm), two drip frequencies (2 times, 4 times), and a winter irrigation
double-film mulching control treatment (CK). The winter irrigation treatment, executed
on 20 November 2021, had an irrigation quota of 225 mm. Each treatment underwent
replication three times within a 180 m? area, covered by a double-film. Fertilizer application
rates and agronomic measures for cotton were in accordance with local experience.
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Figure 3. Cotton planting pattern and drip irrigation tape placement map, 2021-2022, (a) Drip
irrigation tapes were placed between wide rows in 2021, (b) Drip irrigation tapes were placed
between narrow rows in 2022, and soil sampling was conducted at the midpoint location of the wide
rows, narrow rows, and bare ground between the membranes in 20212022, respectively.
Table 2. Irrigation test plan for 2021-2022.
: Irrigation Quota/mm
Seedling Water Drip Frequency 8 - Irrigation Time/
Year Treatment Quantity (DF)/Time Emergence Strong Seedling (Month-Day)
(SW)/mm Period Period
C1 67.5 1 67.5 0 4-19
2 90 1 90 0 4-19
C3 112.5 1 112.5 0 4-19
091 C4 67.5 2 45 +22.5 0 4-19,4-22
(€] 90 2 67.5+225 0 4-19,4-22
C6 1125 3 67.5+30 + 15 0 442_’%’”
CK 225 1 0 0 2020-11-15
S1 6 2 6 225 4-15,5-3
S2 10.5 2 10.5 22.5 4-15,5-3
S3 15 2 15 225 4-15,5-3
S4 6 4 45+15 10.5 +12 @}35’;210
o S5 105 4 6+45 105 +12 £15,420
' ’ ' 5-3,5-11
4-15, 4-20
S6 15 4 105+ 4.5 105 + 12 5.3, 5.1
CK 225 1 0 0 2021-11-20
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2.3. Indicators and Methods
2.3.1. Determination of Cotton Plant Height, Stem Thickness, and Dry
Matter Accumulation

At various stages of cotton fertility, the plant height (cm) and stem thickness (mm)
of five randomly selected cotton plants in each plot were measured using a tape measure
and vernier calipers. Surface dust on cotton samples was removed, and plant organs were
separated from the stem base and underground portion. Subsequently, the separated parts
were subjected to a temperature of 105 °C for 0.5 h to eliminate greening, followed by
drying at 75 °C until a constant mass was achieved. After cooling, the specimens were
weighed using an electronic balance.

2.3.2. Determination of Chlorophyll Fluorescence Parameters in Cotton Leaves

Selected during clear or less cloudy weather, chlorophyll fluorescence parameters of
cotton leaves were determined using a Mini-PAM fluorometer (PD-0178 Portable Datalog-
ger, Inc., Norcross, GA, USA) (Fy: minimum fluorescence yield in light, Fr,": maximum
fluorescence yield in light, PQY: photochemical quantum yield, F,"/Fy,": effective photo-
chemical quantum yield, qP: photochemical quenching factor). Five cotton plants with
uniform growth were randomly selected for each water treatment, and the average value
was determined three times. The daily change of chlorophyll fluorescence was tested every
20 days from seedling stage and every two hours from 8:00 to 20:00 Beijing time.

F,’=Fn’' — Fy (1)
qP = (Fu’ — F)/Fmy 2)

2.3.3. Cotton Yield and Quality Testing

The quality of 100 bolls, the number of plants, and the number of effective bolls per
plant were measured, and the weight of fluffed seed cotton yield, overall yield, and their
components were determined, taking the average across the three plots. Additionally,
100 bolls were collected from each plot to assess the weight of cotton bolls and lint con-
tributing to the calculation of the harvested plot yield. Cotton fiber samples were sent to
the Ministry of Agriculture Quality Supervision and Inspection Center for the assessment
of fiber quality indicators.

2.3.4. Water Productivity
The formula for water productivity is given by:

WP =y/I (©)

where WP represents water productivity, y denotes seed cotton yield (kg/hm?), and I stand
for irrigation water (mm).

2.4. Data Processing

The experimental data were graphically and statistically plotted using Excel 2020,
Origin 2016, and ArcGIS 10.8 software. IBM SPSS 25.0 was used for analysis of significance
(ANOVA), correlation analysis, and linear fitting of cotton physiological and growth test
data. Additionally, the layout of the drip irrigation belt was designed using CAD 2016.
GaussCum function (4), LogisticCum function (5), and quadratic equation were used to fit
the cotton yield, quality, and irrigation water productivity data.

O(x) = \/%/xwe—fdt @
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where ®(x) denotes the cumulative distribution function of the Gaussian distribution, x is
the variable, ¢ is the base of the natural logarithm, and 7t is the circumference.

1

F(x) = 14+e ™

(5)

where, denotes F(x) denotes the cumulative distribution function of the logistic function, x
is the variable, and e is the base of the natural logarithm.

3. Results
3.1. Plant Height and Stem Thickness

The trend of stem thickness changes during the cotton fertility period in each treat-
ment from 2021 to 2022 showed an initial increase followed by stabilization, reaching its
maximum at the batting stage (Figure 4a,b). No significant difference in stem thickness was
observed among treatments at the seedling stage, but the difference gradually increased
(p < 0.05) as the fertility stage advanced. Stem thickness progressively increased with the
rise in seedling water quantity at the same drip frequency. In comparison, at the same
seedling water quantity, the stem thickness of the high-frequency treatment increased by
10.45% and 14.38% in 2021 and 2022, respectively. Compared to 2021, the mean value of
stem thickness is 3.79% lower in 2022.

Statistical analysis revealed that drip frequency (DF) and seedling water (SW) signifi-
cantly (p < 0.05) influenced cotton plant height. At the seedling stage in 2021, plant height
decreased with increasing seedling water quantity. In 2022, plant height increased with
the rise in seedling water quantity. Plant height in the high-frequency treatment groups
(52 and S3) was significantly larger than the low-frequency treatment groups. From bud to
the flossing stage in 2021-2022, all water-regulated treatments exhibited a similar trend,
with plant height increasing with seedling water volume and drip frequency. Notably,
the plant height of high-frequency large-sized seedling water treatments (C6 and S6) was
significantly larger than the other water-regulated treatments, reaching its maximum at the
bolling stage. The average plant height in 2022 was 39.22% lower than in 2021.

3.2. Dry Matter Accumulation

The composition of cotton dry matter accumulation in each treatment during 2021-2022
is presented in Table 3. Following an analysis of variance (ANOVA), the effects of SW, DF,
and DF x SW on boll and total dry matter accumulation in 2021-2022 were found to be
significant (p < 0.01). When DF remained constant, boll and total accumulation exhibited a
gradual increase with the rise in SW in 2021. Notably, the differences in leaf and stem dry
matter accumulation were more pronounced in the high-frequency treatments (C4, C5, and
C6) compared to the low-frequency treatments (C1, C2, and C3). In 2022, root, leaf, stem,
bell, and total accumulations showed a consistent upward trend with the increase in SW,
with the dry matter accumulation of the S6 treatment significantly surpassing that of the
other treatments.

With constant SW, the dry matter accumulations of high-frequency treatments were
significantly larger than those of low-frequency treatments in both 2021 and 2022. Boll
dry matter accumulation accounted for the highest percentage in both years, followed by
leaf and stem dry matter accumulation. Comparing 2021 C6 with 2022 S6 treatments, the
total dry matter quality of S1 and S2 treatments in 2022 decreased by 14.41% and 3.76%,
respectively, while that of S3 treatments increased by 0.48%. Additionally, compared with
C4, C5, and C6 treatments, the total dry matter quality of S4 treatments decreased by
0.43%, while that of S5 and S6 treatments increased by 10.33%. A notable 15.98% of the
dry matter quality for 2021 C6 and 2022 S6 “dry sowing wet emergence” was accumulated.
The moisture treatment of cotton total dry matter accumulation for 2021 C6 and 2022 S6
“dry sowing and wet emergence” was the highest for both years. In comparison with the
CK treatment, the composition of cotton dry matter accumulation was not significantly
different. Root, stem, bud, and total dry matter accumulation were significantly higher in
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the composition of cotton dry matter accumulation in 2022 compared to 2021, with mean
values elevated by 43.01%, 15.56%, 2.94%, and 20.27%, respectively.
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Figure 4. Changes in plant height and stem thickness during cotton fertility in 2020 and 2021. Note:
(a,b) represent the changes in stem thickness and (c,d) represent the changes in plant height during
the reproductive years 2021 and 2022, respectively. Different lowercase letters indicate differences
between different seedling water quantity treatments (p < 0.05); different uppercase letters indicate
significant differences between treatments with different drip frequencies (p < 0.05). The error bars
for each treatment in this graphic are represented by calculating the standard errors derived from the
data of the three repeated-measures samples to provide information on the precision of the estimation

of the sample mean.
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Table 3. Composition of cotton dry matter accumulation in 2021-2022.
Dry Matter Accumulation/(kg-hm~—2)
Date/ Treatment Total Dry Matt
Year Root Leaf Stem Flower Grey Cotton Boll oAa Ty viatter
ccumulation
C1 708.6 £ 78.0 aA 5919.6 £ 279.8 cB 32379 £131.2 cB 672 £35cA 232.2 £39.8aA 6154.8 +397.9 dB 16,320.3 + 983.3 dB
c2 682.5 £ 57.1aA 6368.1 & 236.5 bcB 2539.5 £ 163.5 cB 128.4 +38.9 aA 263.1 £69.9 aA 6924.8 + 378.2 cB 16,906.4 + 812.0 cdB
C3 729.3 £57.2aA 6495.9 + 376.8 bB 4999.5 £131.9bB 81.6 £ 12.7 bcA 278.4 £ 30.0 aA 6838.5 £423.1cdB  19,423.2 4 990.8 bcB
C4 609.0 £ 42.0 aA 6660.8 + 191.7 bcA  5158.2 & 254.7 abA 90.3 £7.9bcA 267.5 £ 82.5aA 6752.1 £181.1cdA  19,537.8 +262.4 cdA
c5 775.7 £ 37.5aA 6950.9 + 381.5 aA 5235.3 £ 382.8 abA 100.5 + 21.4 abA 214.7 £19.9 aA 7357.8 +348.8 bcA  20,634.8 = 724.5bA
2021 Ce6 816.6 £77.2 aA 6945.5 + 276.8 aA 6319.7 £ 334.1 aA 714 £ 114 cA 238.5 £22.5aA 8579.4 £523.1 aA 22,971.0 £ 676.9 aA
CK 838.4+ 457 a 7082.1 +872.7 a 5625.5 + 143.6 ab 106.4 & 21.6 bc 281.9 £45.7 aA 8308.1 +497.3 a 22,238.1 £ 386.9 a
DF ns * * ns ns ** o
SW ns * * ns ns * **
DF x SW ns ns ns ns ns ** **
S1 6323 £41.31B 4661.1 £ 209.0 fB 3640.8 £ 231.6 eB 162.9 & 39.9 bA 225.5 £49.9bB 4645.8 £ 321.6 fB 13,968.3 + 229.9 eB
52 7952+ 524 B 5426.6 + 156.9 eB 4152.2 £371.4dB 494.6 + 32.8 aA 260.1 = 84.6 bB 51422 £ 2214 B 16,270.7 £+ 132.8 dB
S3 1087.7 4 38.6 cB 6187.5 + 255.8 dB 5680.7 £ 109.5 bB 375.8 £+ 30.4 abA 557.1 £ 142.6 aA 6715.8 + 139.2 cB 19,516.9 + 214.6 cB
54 946.4 £57.1dA 6280.2 +290.9 dA 5143.4 £ 279.7 cA 260.1 £ 50.1 bA 7799 £ 65.2 aA 6044.4 £ 221.7 dA 19,454.3 £ 152.1 cA
S5 1193.0 & 55.8 bA 6613.7 + 580.2 cA 6559.1 £+ 212.8 aA 469.8 +70.0 aA 8222 £55.8 aA 7109.1 + 150.8 bA 22,766.8 £ 255.8 bA
2022 56 1411.7 £ 59.3 aA 7573.0 + 140.6 bA 6567.2 £ 231.3 aA 457.2 +£56.9 aA 798.3 £90.6 aA 9834.3 £+ 410.1 aA 26,641.7 £ 259.3 aA
CK 1313.6 =728 a 8086.1 £1429 a 65263 +112.8 a 3272 +£482ab 5414 +709b 9950.4 + 2064 a 27,761.0 £122.8 a
DF *% 3% *3% ns ns 3% *%
SW *3% * *3% ns ns *% 3%
DF x SW * * ns ns ns ** *

Note: Significant distinctions between treatments with varying seedling emergence amounts in the current year are denoted by different lowercase letters (p < 0.05). Significant variations
between treatments featuring different drip frequencies are indicated by different capital letters (p < 0.05). The presence of ** denotes a highly significant correlation attributed to the
effects of DF, SW, or DF x SW (p < 0.01), while * signifies a significant correlation due to the effects of DF, SW or DF x SW (p < 0.05), while ns means no significant difference.
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3.3. Chlorophyll Fluorescence Parameters
3.3.1. Fy/, Fy/, and qP

Figure 5a,b,d,e depict the variations in Fy” and Fy,” levels in cotton leaves under differ-
ent moisture regulation treatments during the period of 2021-2022. When DF remained
constant, both Fy” and Fp,” exhibited a gradual increase with rising SW. Notably, Fy” and Fy,’
attained significantly higher values in the 2021 C6 and 2022 S6 treatments. Similarly, under
consistent SW conditions, high-frequency treatments yielded significantly larger Fy” and
Fm’ compared to low-frequency treatments (2021: C1 < C4, C2 < C5, C3 < C6; 2022: S1 < 54,
52 < 55, S3 < S6). The Fy’ and Fy,” values for the C6 and S6 treatments were comparatively
close to those of CK. Figure 4c,f highlight significant differences (p < 0.05) in qP among
moisture-regulated treatments in 2021-2022. Furthermore, qP increased progressively
with rising SW under constant DF, showing C1 < C2 < C3, C4 < C5 < C6 in 2021, and
51 <52 <53, 54 <S5 < S6 in 2022. Similarly, qP increased gradually with rising SW under
consistent SW conditions, exhibiting C1 < C2 < C3, C4 < C5 < C6in 2021, and S1 < S2 < S3,
54 < 55 < 56 in 2022. In high-frequency treatments, qP significantly surpassed C1, C2, and
C3 treatments, with C4, C5, and C6 treatments showing increases of 13.73%, 11.67%, and
18.72% in 2021. Similarly, compared to S1, S2, and S3 treatments, S4, S5, and S6 treatments
exhibited increases of 14.20%, 17.31%, and 11.68% in 2022, respectively. Compared to 2021,
the mean values of leaf Fy’ and qP were elevated by 4.51% and 8.11%, respectively, and the
mean value of F,” was reduced by 14.68% in 2022.
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Figure 5. Size of Fy’, Fiy’, and P in 2021-2022. Note: (a—c) indicate the magnitude of Fy’, F,” and qP
values in 2021, respectively. (d-f) shows the magnitude of Fy’, Fn” and qP values in 2022 respectively.
Different lowercase letters indicate differences between different seedling water quantity treatments
(p < 0.05); different uppercase letters indicate significant differences between treatments with different
drip frequencies (p < 0.05). The error bars for each treatment in this graphic are represented by
calculating the standard errors derived from the data of the three repeated-measures samples to
provide information on the precision of the estimation of the sample mean.
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3.3.2. Fy’/Fu" and Photochemical Quantum Yield (PQY)

F,’/Fm’ and PQY assess the efficiency of photosystem II (PS II) in converting absorbed
light energy into chemical energy. Figure 6 reveals that in the “dry sowing and wet emer-
gence” treatments from 2021 to 2022, F,’/Fy” slightly exceeded PQY, with the latter being
more significantly impacted by moisture control treatments. Comparing the two years,
low-frequency treatments (S1, S2, S3) witnessed a reduction in F,’/F,” by 23.57%, 16.64%,
and 23.54%, respectively, while high-frequency treatments (54, S5, 56) decreased by 15.41%,
5.45%, and 4.30%, respectively. Notably, high-frequency treatments exhibited consistent
reduction across the two years. The variability in F,”/F” was notably smaller. In compari-
son, PQY in 2022 decreased by 23.57%, 16.64%, and 23.54% for low-frequency treatments
(51,52, S3), and 15.41%, 5.45%, and 4.30% for high-frequency treatments (54, S5, S6). The
difference between high-frequency treatments was significantly smaller than that of low-
frequency treatments during both years. Following the ANOVA analysis, when DF was
constant, F,"/Fp,” and PQY exhibited a gradual increasing trend with the rise in seedling
water volume. Notably, F,’/Fy, " of C1 and S1 treatments were significantly smaller than
that of each “dry sowing and wet emergence” treatment, and C6, S5, and S6 treatments
were notably smaller than low-frequency treatments. Among these, F,’/Fn" of C1 and S1
treatments were significantly smaller than that of the “dry sowing and wet emergence”
treatments, while F,"/Fp,” of C6 and S6 treatments were the largest and not significantly
different from that of CK. The mean leaf Fv'/Fm’ and PQY in 2022 were 11.16% and 7.40%
lower than in 2021, respectively.
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Figure 6. Size of F,’/Fy’, and PQY in 2021-2022. Note: (a,b) represent the magnitude of F,’/Fy’,
and PQY values in 2021, and (c,d) represent the magnitude of Fy'/Fp’ and PQY values in 2022,
respectively. Significant distinctions between treatments with varying seedling emergence amounts
in the current year are denoted by different lowercase letters (p < 0.05). Significant variations between
treatments featuring different drip frequencies are indicated by different capital letters (p < 0.05).
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3.4. Linear Correlation Analysis between Chlorophyll Fluorescence Parameters and Dry Matter
Accumulation in Cotton

Table 4 presents the correlation coefficients for each treatment in 2021 and 2022. In
2021, correlation coefficients ranged from 0.407 to 0.932, with Fy’, F’, Yield, and F,"/Fy,’
significantly correlating with dry matter accumulation (p < 0.01). However, qP showed
no significant correlation (p > 0.05), and Fy,” exhibited the highest correlation coefficient
with dry matter accumulation. In 2022, correlation coefficients ranged from 0.937 to 0.974,
with all chlorophyll fluorescence parameters being highly significant (p < 0.01), and Fy’
demonstrating the strongest correlation with dry matter accumulation. Linear regression
models were constructed (Figure 7), revealing determination coefficients ranging from
0.180 to 0.861 in 2021 and 0.876 to 0.946 in 2022. Notably, Fr,” had the highest determination
coefficient in 2021, while Fy” excelled as the best-fitted model for dry matter accumulation
in 2022. Both Fy” and Fy,,” model fitting parameters remained consistently high across both
years, providing reliable estimates for cotton dry matter accumulation.
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Figure 7. Linear regression analysis of above-ground dry matter accumulation and chlorophyll
fluorescence parameters from 2021 to 2022.
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Table 4. Correlations between above-ground dry matter accumulation and chlorophyll fluorescence
parameters and linear regression analysis from 2021 to 2022.

Date/Year Chlorop;;lallilel’:::escence %(():fizitzzrtl Linear Regression Equation Dect::g;;l:g(t)::fl{z p
Fo/ 0.932 ** y = 37.750x + 8749.853 0.861 <0.01
Frn’ 0.952 ** y =5.403x1 + 14,733.985 0.901 <0.01
2021 PQY 0.748 ** y =14,001.372x + 11,836.308 0.537 <0.01
Fy'/Fm’ 0.745 ** y =15,019.305x + 9935.984 0.531 <0.01
qP 0.407 y =6250.327x + 15,932.832 0.180 >0.05
Fo' 0.974 ** y =108.009x — 8665.577 0.946 <0.01
Fn’ 0.950 ** y =14.671x - 11,630.305 0.896 <0.01
2022 PQY 0.966 ** y = 35,419.688x — 4630.329 0.929 <0.01
F.'/Fm’ 0.937 ** y =37,232.361x — 1327.963 0.876 <0.01
qP 0.950 ** y = 40,247.745x — 2963.741 0.897 <0.01
Note: ** denotes highly significant correlation between chlorophyll fluorescence parameters and dry matter
accumulation.
3.5. Cotton Yield, Quality, and Irrigation Water Productivity
3.5.1. Cotton Yield and Irrigation Water Productivity
Table 5 presents the cotton yield and irrigation water productivity data for 2021 and
2022. The statistical analysis revealed that drip frequency (DF) and seedling water quantity
(SW) significantly influenced cotton yield composition and irrigation water productivity
(p < 0.05). When DF was consistent, cotton yield increased proportionally with rising
SW. In 2021, compared to the C1 treatment, C2 and C3 treatments exhibited increases of
6.47% and 14.67%, respectively. Similarly, in 2022, compared to the S1 treatment, 52 and S3
treatments showed increases of 5.95% and 30.24%. When SW remained constant, the yield
was significantly larger in the high-frequency treatment, marking a 13.64% and 18.17%
increase in 2021 and 2022, respectively, compared to the low-frequency treatment. There
was no significant difference in cotton yield size between C6 treatments, S6 treatments, and
CK treatment over two years. Moreover, the irrigation water productivity of all “dry sowing
and wet emergence” treatments surpassed that of the CK treatment. Notably, treatments
with high frequency and a larger amount of seedling water exhibited the highest irrigation
water productivity. Specifically, the irrigation water productivity of C6 and S6 treatments
reached 1.67 kg/m? and 2.57 kg/m?3, respectively, representing increases of 39.2% and
70.2% compared to the CK treatment. Compared to 2021, the mean values of seed cotton
yield and irrigation water productivity increased by 1.26% and 40.02%, respectively, and
irrigation water decreased by 26.09% during the reproductive period in 2022.
Table 5. Cotton yield and water production efficiency under different water treatments.
Treatment Number of Bells Single-Bell Seed Cotton Irrigation Irrigation Water
per Plant/pc Weight/g Production/(kg-hm—2) Quota/(m® - hm—2) Productivity/(kg-m—3)
C1 3.50 bA 3.72bB 4252.3 eB 2983 143 cB
c2 3.41bB 3.82bB 4527.5 dB 3208 141 cB
C3 4.00 aB 4.21 aB 4876.3 cB 3433 1.42 cB
C4 3.82bA 431 cA 4473.7 dA 2983 1.50 bA
C5 4.15bA 455bA 5301.5 bA 3208 1.54 bA
Cé 4.25aA 5.15aA 5743.3 aA 3433 1.67 aA
CK 411a 521a 6003.5 a 5008 1.20d
DF * * *% - 3%
SW ns * ** - ns
DF x SW ns ns * - ns
S1 4.80 bA 492bB 4004.68 cB 2158.35 1.86 bB
52 4.81bB 492bB 4243.06 bB 2203.35 1.93bB
S3 5.10 aB 5.41 aB 5216.08 aB 2248.35 2.32aB
54 492 bA 511cA 4382.16 cA 2353.35 1.86 cA
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Table 5. Cont.
Treatment Number of Bells Single-Bell Seed Cotton Irrigation Irrigation Water
Per Plant/pc Weight/g Production/(kg-hm—2) Quota/(m3-hm—2) Productivity/(kg-m—3)
S5 5.05bA 5.65 bA 5255.86 bA 2398.35 2.19 bA
56 5.35aA 6.05 aA 6272.82 aA 2443.35 2.57 aA
CK 541 a 6.11a 6246.22 a 4123.35 1.51c¢
DF * * *% - 3%
SW ns ns ** - *
DF x SW ns ns ** - ns
Note: Significant distinctions between treatments with varying seedling emergence amounts in the current year
are denoted by different lowercase letters (p < 0.05). Significant variations between treatments featuring different
drip frequencies are indicated by different capital letters (p < 0.05). The presence of ** denotes a highly significant
correlation attributed to the effects of DF, SW, or DF x SW (p < 0.01), while * signifies a significant correlation due
to the effects of DF, SW or DF x SW (p < 0.05), while ns means no significant difference.
3.5.2. Cotton Quality
In the two-year cotton study evaluating Macron value, short fiber rate, average upper
half fiber length, and fiber neatness (Table 6), the “dry sowing wet emergence” water
control treatment exhibited no significant difference in Macron value, ranging from 3.96 to
4.08, falling within the A level. Short fiber rates showed no significant difference between
seedling water quantity treatments, while the high-frequency treatment displayed a sig-
nificantly larger short fiber rate than the low-frequency treatment. Substantial differences
were observed in the average length of the upper half of the fibers and fiber neatness
across treatments. When the drip frequency (DF) was constant, both length and neatness
increased with higher seedling water quantity (SW), particularly evident in C6 in 2021 and
56 in 2022, which significantly exceeded other “dry sowing and wet emergence” treatments.
Conversely, when SW was the same, short fiber rates showed no significant differences
among treatments. In instances where SW was constant, the high-frequency treatment
demonstrated significantly greater average upper half fiber length and fiber neatness. In
comparison to the control treatment (CK), the quality indices of the C6 treatment in 2021
and the S6 treatment in 2022 were closely aligned, reflecting higher cotton quality. Com-
pared with 2021, in 2022, the Macron value, the average length of the upper part of the
fiber and the fiber straightness, decreased by 1.53%, 4.66% and 1.67%, respectively, and the
proportion of staple fiber percentage increased by 18.32%.
Table 6. Quality indexes of fiber treated with different water in 2021-2022.
Cotton Fiber Quality Parameters
Date/Year Treatment Macron Value Staple Fibeor Average Length ?f the Upper Part Fiber Straightness/%
Percentage/% of the Fiber/mm
C1 418 bA 6.3aA 29.96 bB 81.7 cB
C2 4.12bA 6.6 aA 29.46 bB 82.8 cB
c3 4.07 bA 6.9 aA 31.33 aB 84.5bB
2021 C4 4.05bA 5.6 aB 30.98 bA 84.3bA
c5 415bA 53 aB 30.57 bA 85.4bA
€ 416 bA 5.0aB 31.18 aA 86.5 aA
CK 4.67 a 47b 31.02a 87.5a
S1 4.08 bA 8.0aA 27.96 bB 80.9 cB
52 3.92bA 7.6 aA 28.46 bB 81.9 cB
S3 3.97 bA 8.4aA 29.33 aB 83.1bB
2022 S4 4.00 bA 6.6 aB 28.98 cA 83.2bA
S5 4.05bA 6.2 aB 29.57 bA 83.6 bA
S6 3.96 bA 6.7 aB 30.18 aA 83.9bA
CK 497 a 43b 30.02 a 86.2a

Note: Significant distinctions between treatments with varying seedling emergence amounts in the current year
are denoted by different lowercase letters (p < 0.05). Significant variations between treatments featuring different
drip frequencies are indicated by different capital letters (p < 0.05).
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Irrigation water productivity/ (kg-m™)

3.5.3. Irrigation Volume and Drip Frequency in Relation to Yield, Fiber Quality, and
Water Productivity

Utilizing two years of experimental data, the least squares method was applied with
drip frequency and seedling water volume as independent variables and seed cotton yield,
quality, and irrigation water production efficiency as dependent variables. The binary
quadratic equation, GaussCum, and LogisticCum functions were chosen for data fitting,
yielding regression equations used to calculate the values maximizing crop yield, quality,
and irrigation water production efficiency (Table 7). When the seedling water volume is
6 mm and the drip frequency is one time, cotton irrigation water productivity peaks at
2.122 kg/m3. Considering water conservation and increased yield as primary objectives,
and accounting for the 95% confidence interval of each dependent variable, the seedling
water volume and drip frequency that optimize cotton yield, quality, irrigation water
productivity, and dry matter accumulation can be determined (Figure 8). Specifically, when
the seedling water volume is three times, achieving 66.133 mm, the average length of the
upper part of the fiber reaches the maximum value of 32.689 mm, ensuring the highest
cotton quality. With a seedling water quantity of 66.133 mm and a drip frequency of three
times, confidence intervals for cotton yield, quality, irrigation water productivity, and dry
matter accumulation are guaranteed to be above 95%.
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1.446 27.57
1.536 28.14
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1717 g 29.28
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1.898 2 30.42
1,989 = 30.99
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Figure 8. Cotton yield, quality, and irrigation water use efficiency in relation to seedling water
quantity and drip frequency. Note: The red dots in the graph indicate the actual values of yield,
quality, or irrigation water use efficiency data for each treatment, and the range of dashed lines in
the graph indicates the range of irrigation water volumes and drip frequencies that maximize yield,
quality, or irrigation water use efficiency.
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Table 7. Regression analysis of drip frequency, seedling water quantity and cotton yield, quality, and
irrigation water production efficiency.

Dependent Variable Regression Equation R? p
. 21 = —00.00222 — 0.511xy — 373.691y2+ 4.707x + 2754.9y

Yield (1) When x; =79.898, y; = 3.143, zymax = 6215.020 075 <001

\;j8309.680 y34.363

= — 2x1914.474 2x7.942
Quality () 2 = —610,389.726 + 152,605.7708 (1+e ) x (1 te ) 090 <001

When x, =112.5, y, = 4, zymax = 32.689
521279 y-0745

Irrigation water production z3 = 2.1217 4+ 0.364 x (1 + e V2x6.609 ) X (1 + e V2x(-478) ) 0.74 <0.01

efficiency (z3)

When x3 =6, y3 = 1, zzmax = 2.122

4. Discussion
4.1. Effect of “Dry Sowing and Wet Emergence” Water Regulation on Cotton
Growth Characteristics

The “dry sowing wet emergence” water control technology, when compared to tra-
ditional winter and spring irrigation, involves applying only a minimal amount of drip
to cotton after sowing. This approach significantly enhances water utilization, effectively
mitigates water use conflicts in winter and spring, and avoids issues associated with exces-
sive or insufficient drip application during seedling watering, such as soil curing, crusting,
and hardening. Excessive drip amounts may reduce soil temperature, impacting cotton
seedling growth, while insufficient drip amounts fail to meet the crop’s necessary water
requirements for normal growth. Therefore, the implementation of a well-designed “dry
sowing wet emergence” water control program is crucial for optimal cotton growth.

In this study, disparities were observed in the individual growth characteristics of
cotton subjected to varying water control treatments between 2021 and 2022. During the
seedling stage, an augmentation in seedling water quantity resulted in a gradual decline in
the individual growth index of cotton, inhibiting growth. Notably, the treatment with a
smaller seedling water quantity (C1) exhibited more rapid growth. Conversely, from the
bud to the flossing stage, a larger seedling water quantity facilitated stronger cotton growth.
These findings align with the research outcomes of Herritt et al. and Wu et al. [21,22]
regarding the growth characteristics of cotton under diverse water regimes. Moisture plays
a crucial role in controlling cotton growth, particularly during the seedling stage when
water demand is low, and the root system is in a shallow soil layer. Soil moisture content
and temperature become vital determinants for promoting cotton seedling growth [23-25].
In the first year of the “dry sowing and wet emergence” test, in order to follow the principle
of “first water pressure salt”, the amount of seedling emergence was significantly larger
than that in 2022, and excessive water irrigation led to a decrease in soil temperature,
which slowed down the growth of cotton seedlings [26,27]. Xiao, et al. [28] observed,
through different irrigation frequency treatments, that high-frequency irrigation positively
influenced cotton growth, consistent with our experiment’s findings on drip frequency
treatment. It may be because the irrigation quota of each high-frequency treatment is
gradually reduced. Compared with the low-frequency treatment, the deep leakage water
is smaller, the soil moisture content in the main root zone of cotton is larger, and the soil
moisture environment is more suitable for cotton growth.

4.2. Impact of “Dry Sowing and Wet Emergence” Water Control on the Cotton’s
Physiological Characteristics

Under normal crop growth, light energy absorbed by leaves is mainly consumed
through three pathways: photosynthesis, chlorophyll fluorescence, and heat dissipation.
These three pathways are interconnected (Yj, et al., 2019) [29], and the changes in chloro-
phyll fluorescence parameters of leaves can be an effective measure of the photosynthesis
and heat dissipation of the crop (Lei et al., 2017) [30]. In this study, we found that the
SPAD value of cotton tended to increase gradually with the decrease in the amount of emer-
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gence water in “dry sowing and wet emergence”, which was consistent with the results of
Han et al. (2017) [31], indicating that chlorophyll synthesis was inhibited, which in turn
limited photosynthesis in cotton leaves and led to the inhibition of cotton growth. The
smaller parameters of leaf initial fluorescence (Fy’), maximum fluorescence (Fy,"), variable
fluorescence (Fy"), and maximum photochemical efficiency of PS II (F,’/F,") indicate that
the plant forms fewer photosynthesized products, i.e., when the plant cells are subjected
to environmental stress, the function of the chloroplasts is weakened, which affects the
photosynthetic performance [32]. In this study, we found that F,"/Fp," and Fy’ decreased
significantly with the reduction of seedling water volume and drip frequency, indicating
that the low seedling water volume and drip frequency could not meet the normal water
demand of the crop during the reproductive period. Furthermore, findings indicate the
photochemical activity of PSII was inhibited under the conditions of water stress, with
the reduction of the electron transfer activity and the reduction of the maximal PSII light-
energy conversion efficiency [33], and that the cotton leaves were unable to maintain the
normal physiological function through their own adaptive regulation, thus leading to a
reduction of photochemical efficiency [34]. qP is a self-protection mechanism within plants,
which plays a certain protective role for the photosynthetic apparatus, so when the external
conditions are poor, plants will trigger an internal response in the early stage before the
manifestation of external symptoms [35,36]. In this experiment, the photochemical burst
of P in cotton leaves decreased gradually with the decrease of emergence water volume
and drip frequency, which is consistent with the study of Deeba, et al. (2012) [37]. This
indicates that the gradual decrease of emergence water volume can significantly inhibit the
degree of opening of the PSII reaction center of cotton leaves and the energy involved in the
photochemical electron transfer, so as to make the cotton leaves reduce the efficiency of the
utilization of light energy. This in turn will reduce the efficiency of light-energy utilization
by cotton leaves, thus affecting cotton yield.

4.3. Effect of “Dry Sowing Wet Emergence” Water Regulation on Cotton Yield, Quality, and Water
Use Efficiency

In terms of cotton yield and its components, the number of bolls per plant, boll weight
per plant, and seed cotton yield increased with the increase of emergence water in this
experiment, which is more in line with the studies of Farooq, et al. (2002) and Ondrasek,
et al. (2019) [38,39]. This finding may be attributed to the decrease in the amount of
emergence water; the increase in crop water stress and the increase in the amount of
irrigated soil moisture could only satisfy nutritive and reproductive growth in the lower
and middle parts of the plant, with more vigorous growth of the root system and lower
fruiting branches and leaves. However, the upper fruiting branches and leaves suffered
from water stress, net photosynthetic intensity was affected, non-structural carbohydrate
content decreased, and cotton bud boll shedding was aggravated, which resulted in reduced
yield [40,41]. The present study also found that high frequency and large emergence water
volume combinations significantly increased cotton yield and irrigation water productivity.
Chartzoulakis, et al. (2002) and Li, et al.’s (2019) [42,43] studies were also the same as
the present results, which may be due to the fact that low frequency and high emergence
water volume treatments had a relatively large single irrigation quota and water in both
the horizontal and vertical transport. This could easily cause part of the water waste,
and at the same time, the low-frequency treatment water replenishment time interval
is long, which may lead to transient water shortage during the reproductive period of
cotton, reducing the number of bolls and boll weight, resulting in yield reduction [44,45].
The high-frequency large emergence water volume treatment has appropriate irrigation
frequency and irrigation quota, relatively uniform soil profile water distribution, high
water utilization, and better control of nutrient growth and promotion of reproductive
growth, thus improving cotton yield. Cotton fiber quality is also an important indicator for
determining the economic value of cotton [46]. Related studies have shown [47—49], with
the increase in irrigation volume, the cotton fiber length and fiber neatness is significantly



Agronomy 2024, 14, 734

19 of 21

References

higher, but Markelung value was reduced. The results of this study’s fiber quality trend is
the same; the treatment Markelung value is not significantly different, even if the difference
between individual treatments is significant, but according to the evaluation method of
cotton fiber quality [50], the difference is not beyond the range of the classification of cotton
quality, and therefore, when determining the appropriate irrigation system it can not be
taken into account [51].

5. Conclusions

After two years of experimental research, we found that the appropriate “dry sow-
ing and wet emergence” water control technology can promote cotton growth, improve
cotton yield, increase quality indicators, and significantly reduce agricultural irrigation
water. Research results show that “dry sowing and wet emergence” of high-frequency,
large emergence water volume affects cotton physiology. High-frequency treatments of
cotton plant over two years led to significantly larger growth indicators, higher dry matter
accumulation, and better yield average compared to the low-frequency treatment by 8.69%,
16.4% and 15.91%, respectively. The large emergence water volume treatment of cotton
yield was 14.33% higher than the low emergence water volume treatment. Compared with
the winter irrigation control treatment, “dry sowing and wet emergence” high frequency
and large emergence water volume irrigation combination of cotton physiological, growth
indicators are not significantly different Between the two years, the cotton leaf Fy’, Fr,’, and
F,’/Fm’ increased by 1.03%, 0.41%, and 0.85%, respectively. Dry matter accumulation and
yield were reduced by 0.37% and 1.95%, but the irrigation water use efficiency increased
by 54.7%, and the cotton yield was 14.33% higher than the low emergence water volume
treatment. Utilization efficiency increased by 54.7%. In summary, the “dry sowing wet
emergence” high-frequency (10.5 + 4.5 + 10.5 + 12 mm) and large seedling water quantity
(15 mm) treatment not only ensured successful cotton emergence and growth, enhancing
yield efficiency, but also fulfilled the objective of water-saving irrigation, making it ap-
plicable to the arid region of Northwest China. It serves as a preliminary recommended
irrigation pattern for cotton production, and further research is needed to explore a more
accurate and optimal “dry sowing and wet emergence” water control program in the future.
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