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Abstract: Cotton yield can be stabilized by regulating the number and weight of bolls 
through the application of growth regulators. A field experiment was conducted in Xiaya, 
Xinjiang, from 2021 to 2023. The primary treatment involved a 40% pyraclostrobin sus-
pension (300 mL/ha) combined with different growth regulators: 14-hydroxylated brassi-
nosteroid (150 mL/ha, M1), 0.1% thidiazuron (150 mL/ha, M2), or 8% diethyl aminoethyl 
hexanoate (150 g/ha, M3). Clear water (M0) was used as the control treatment. This study 
examined the interaction between year and treatment and analyzed key factors affecting 
cotton yield. The results indicated a significant interaction effect between chemical treat-
ments and yield across the years. All treatments led to an increase in yield compared with 
the control, with notable improvements in the number of bolls per unit area, boll weight, 
leaf area index, and net photosynthesis rate of cotton leaves. From a spatial perspective, 
the treatments effectively enhanced the number of bolls in the upper part of the plant. A 
positive correlation was observed between the number of new bolls and seed cotton yield. 
Among the treatments, the M2 treatment proved to be the most effective, which substan-
tially increased the number of bolls in the upper part of the plant, as well as the total 
number of bolls per unit area and boll weight, resulting in a significant yield improve-
ment. These findings can guide the development of chemical regulation strategies for cot-
ton production in the Aksu region of Xinjiang, China, providing a valuable reference for 
enhancing local cotton yield. 
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1. Introduction 
Cotton is a vital economic and fiber crop in China, characterized by its preference for 

warm temperatures and abundant light, and its indeterminate growth habit. Among the 
cotton-producing regions in China, Xinjiang stands out due to its favorable meteorologi-
cal conditions, including dry air, minimal cloud cover, frequent sunny days, and abun-
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dant sunshine. These factors promote the growth of high-quality cotton fibers, signifi-
cantly reduce the incidence of rotten bolls, and enhance overall yield [1]. Thus, Xinjiang 
has become a critical cotton production base, with its production levels improving rapidly 
in recent years. However, challenges remain, as excessive cotton growth with an insuffi-
cient nutrient supply can lead to flower and boll loss, fewer bolls, and reduced boll weight, 
ultimately lowering yields [2,3]. To address these problems and further enhance cotton 
yields, the use of growth regulators is deemed essential. Establishing a high-quality cotton 
population with high reproductive transformation capacity is crucial for achieving high 
yields [4]. 

Thidiazuron can effectively enhance the fruit-setting rate, increase leaf SPAD values, 
boost photosynthetic intensity, and prolong photosynthesis duration, ultimately leading 
to increased crop yields [1,5,6]. Similarly, brassinolide promotes photosynthetic efficiency 
and nutrient accumulation in crops, contributing to an increased number of fruits [7,8]. 
Aminoethoxyvinylglycine reduces corn lodging rates, enhances fruit setting, increases 
grain weight, and improves overall crop yields [9,10]. These three growth regulators have 
been widely studied for their effects on agricultural production. In addition, pyra-
clostrobin (MC)—a novel fungicide with both preventive and curative properties—is ex-
tensively used to control fungal diseases in crops, such as rice blast disease, rice false smut, 
and root rot in rice [4]. Beyond disease control, pyraclostrobin has been proven to be ben-
eficial for crop production, due to its promoting effects on plant health, cotton seed 
productivity, and overall crop yield. When combined with other growth regulators, pyra-
clostrobin exerts a synergistic effect, rather than interacting antagonistically, further im-
proving crop outcomes [11]. Previous studies have demonstrated that the combination of 
soluble brassinolide and pyraclostrobin significantly enhances both nutritional and repro-
ductive growth in cotton. This combination could increase the development rate, linting 
rate, plant height, fruiting node number, boll number, and linted boll number in cotton 
[12]. It has also been reported to enhance wheat canopy quality and leaf area index (LAI), 
leading to higher yields [8,13]. 

However, most studies have focused on the independent effects of growth regulators 
such as thidiazuron, brassinolide, and diethyl aminoethyl hexanoate, and limited studies 
have investigated the synergistic effects of pyraclostrobin in combination with other 
growth regulators, leaving its full potential untapped. This study addresses this gap by 
evaluating the effects of pyraclostrobin in combination with 14-hydroxylated brassino-
steroid, thidiazuron, and diethyl aminoethyl hexanoate on cotton production in Xinjiang. 

Specifically, this study examined the ability of these growth regulators to increase 
boll weight, reduce boll shedding and sterile bracts, improve the fruit set rate of upper 
branches, optimize the canopy structure, and enhance leaf photosynthesis characteristics. 
Through providing both protection and treatment, these approaches can improve crop 
yield and quality, offering technical support for cotton production in Xinjiang. 

2. Materials and Methods 
The experiment was conducted in a region located in the climatic zone at the edge of 

the warm temperate region that is characterized by abundant sunshine, low precipitation, 
and significant diurnal temperature variation. The period from sowing to harvest was 
marked by high daily maximum temperatures and minimal rainfall. Meteorological data 
for this study were provided by the agrometeorological bureau of the county where the 
experimental site was situated. Site layout and observation elements were set up with 
reference to the standards of international organizations, such as the World Meteorologi-
cal Organization (WMO) (Figure 1). The cotton variety tested was Xinluzhong 84, with 
cotton Tahe2 as the previous crop at the site. Xinluzhong 84 is an early- and medium-
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mature variety with strong resistance to collapse, making it suitable for mechanical har-
vesting. We used a 40% pyraclostrobin suspension (Jiangxi Zhongxun Agrochemical Co., 
China, Gang Li), in combination with 0.01% 14-hydroxylated brassinosteroid (Chengdu 
Guanzhi Agricultural Technology Co., China, Pei Tian), 0.1% thidiazuron (Jiangsu WoYu-
Tai Chemical Co, China, QianqianXing), and 8% diethyl aminoethyl hexanoate (Sichuan 
RUNR Science and Technology Co., China, Xiaoqiang Wang). 

2.1. Experimental Design and Field Management 

The field experiment employed two planting patterns: in 2021, one membrane had 
six rows, while in 2022–2023, one membrane had four rows. The plant distance was 10 cm 
(Figure 2). The 40% pyraclostrobin suspension (300 mL/ha) was combined with 0.01% 14-
hydroxylated brassinosteroid, 0.1% thidiazuron soluble powder, and 8% diethyl ami-
noethyl hexanoate soluble powder (at dosages of 150 mL/ha or g/ha) to design the M1, 
M2, and M3 treatments, respectively. Water was used as the control (M0). The mixtures 
were applied using a manual sprayer, targeting the underside of the cotton leaves. Spray-
ing was conducted twice during the growth period, first on July 5 during the topping stage 
(flowering stage), and then on July 12 during the re-control period (boll development 
stage). All other agricultural practices followed local cotton planting regulations. The ex-
periment was arranged in a randomized complete block design with three replicates for 
each treatment. 

 

Figure 1. Temperature and precipitation in the cotton growing season from 2021 to 2023. 
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Figure 2. Schematics of different planting patterns from 2021–2023. 

2.2. Data Collection 

2.2.1. Cotton Production and Yield Components 

The determinants of cotton yield include plant number, boll number per plant, boll 
weight, and coat percentage. During the boll-setting period, sampling sites measuring 6.67 
m² were selected within each plot in order to assess the total number of plants and bolls. 
These data were used to calculate the planting density and the average number of bolls 
per plant, as well as to estimate yield. Subsequently, 100 bolls were collected from differ-
ent parts of plants in each plot as follows: 30 from the upper part, 40 from the middle part, 
and 30 from the lower part of the plants. These bolls were air-dried to measure the single-
boll weight, 100-boll weight, and fiber fraction. A 15–20 g cotton sample was sent to the 
testing center to evaluate fiber quality parameters, including fiber uniformity, breaking 
strength, upper-half fiber length, and the Micronaire value. 

2.2.2. Agronomic TraitsAgronomic traits determination indicators 

Before the applications, 15 plants were consecutively marked in the center of each 
plot. One day prior to spraying, the growing point of each plant was marked with a red 
rope. In later stages, the nascent parts above the red rope were recorded. Bolls with a 
diameter greater than 2 cm that had not yet opened were documented, and the boll reten-
tion rate was calculated using the following formula: boll retention rate = boll number/to-
tal fruit node number. In addition, the first fruit node of the seventh fruit branch of 15 
randomly selected cotton plants was assessed. Measurements included boll weight (com-
bined weight of the boll shell and cotton fiber), boll diameter (measured at the longest 
position using a Vernier caliper), and boll volume (determined using the water displace-
ment method). 

2.2.3. Population Canopy Structure and Photosynthetic Characteristics 

The leaf area index (LAI) in each part was determined using an LAI-2200C Plant Can-
opy Analyzer (LI-COR, Lincoln, NE, USA). On a sunny day between 11:30 and 13:30, the 
instrument probe was placed in the middle ground of the cotton row, kept horizontal, and 
three values were measured in each horizontal direction (i.e., middle row, edge row, bare 
row), from which the average was calculated. Vertical measurements in three parts were 
also recorded: the lower part (20–40 cm), the middle part (40–60 cm), and the upper part 
(above 60 cm). An SPAD-502 Plus chlorophyll meter (Konica Minolta, Tokyo, Japan) was 
used to determine the relative chlorophyll content (SPAD values) in the functional leaves 
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(inverted trinomial mesophyll) of five cotton plants presenting uniform growth in each 
plot. The SPAD values were determined at five different locations of the leaf blade be-
tween the leaf margin and the midrib and lateral veins, and the average of values recorded 
at these locations was taken as the final SPAD value of the sample leaf. The net photosyn-
thetic rate (Pn) of the marked functional leaves was measured using an LI-6400 portable 
photosynthesis meter ( Ligaotai, Technology Co., Ltd.Beijing,China) between 11:00 and 
13:30 on sunny days. Whether waiting for the measurement or during the measurement 
process, attention was paid to keeping the marked leaves exposed to direct sunlight while 
avoiding leaf veins. 

2.3. Statistical Analysis 

Experimental data were compiled using Microsoft Excel 2021 (Microsoft Corp., Red-
mond, WA, USA) and analyzed with SPSS 26.0 (version 26.0; SPSS Inc., Chicago, IL, USA). 
An analysis of variance was performed to evaluate the interaction effects of year and treat-
ment on yield and yield component data. Pearson’s correlation analysis was conducted to 
examine the relationships between the number of newly formed bolls and seed cotton 
yield, as well as between cotton boll morphological indices and seed cotton yield. Figures 
illustrating the inner and outer bolls; upper, middle, and lower bolls; LAI; canopy open-
ness; SPAD values; and Pn were created using Microsoft Excel 2021 and SigmaPlot 12.5 
(Aspire Software Internationa l32-bit version). 

3. Results 
3.1. Yield and Yield Components 

From 2021 to 2023, the yield and yield components under all treatments were signif-
icantly higher than those for the control group. The M2 treatment demonstrated the high-
est performance, with a significantly greater boll number per unit area, boll weight, and 
seed cotton yield, when compared with the other treatments. Both year (reflecting plant-
ing patterns and climatic conditions) and treatment significantly affected seed cotton yield 
during the 3-year period. In addition, the interaction between year and treatment signifi-
cantly affected the boll number per unit area, boll weight, seed cotton yield, and lint per-
centage. Under the same planting pattern, the boll number, boll weight, and seed cotton 
yield per unit area in 2022 were lower than those in 2023. This difference was attributed 
to the adverse effects of high temperatures during the critical period of 20–25 days after 
application in 2022, when temperatures exceeded 40 °C, thus hindering cotton growth 
(Figure 1 and Table 1). 

Table 1. Effects of fungicide application in combination with different growth regulators on yield 
and yield components. 

Years Treatments 
No. of Bolls 

(m2) 
Boll 

Weight (g) 
Seed Cotton Yield 

(kg/ha) 
Lint Percent-

age (%) 

2021 

M1 127.32 ab 5.30 b 6745.89 b 49.44 a 
M2 141.33 a 5.83 a 8239.19 a 44.96 bc 
M3 121.45 b 5.73 a 6959.08 b 46.62 b 
M0 116.52 b 5.37 b 6242.42 b 44.51 c 

Average 126.65 A 5.55 C 7046.64 A 46.38 C 

2022 

M1 94.73 b 5.78 ab 5477.15 b 50.98 ab 
M2 107.63 a 5.97 a 6436.84 a 46.56 b 
M3 99.67 ab 5.79 ab 5774.62 ab 48.58 ab 
M0 90.88 b 5.71 b 5184.48 b 52.57 a 

Average 98.22 C 5.81 B 5718.27 C 49.67 B 



Agronomy 2025, 15, 394 6 of 16 
 

 

2023 

M1 103.04 ab 6.16 ba 6349.81 ab 55.47 ab 
M2 104.87 a 6.34 a 6656.46 a 57.79 ab 
M3 108.32 a 6.09 c 6601.40 a 54.51 b 
M0 95.91 b 6.23 b 5979.11 b 59.63 a 

Average 103.03 B 6.20 A 6396.69 B 56.85 A 
Source of variance p 

Years (Y) <0.0001 <0.0001 <0.0001 <0.0001 
Treatments (T) <0.0001 <0.0001 <0.0001 0.0301 

Y × T 0.0333 0.0090 0.0333 0.0041 
Means in a column followed by different letters are significantly different at p < 0.05. 

3.2. Agronomic Traits 

3.2.1. Effect of Combination Treatments on the New Parts 

Following each treatment, varying degrees of growth were observed in the number 
of new bolls, neonatal buds, new fruiting joints, and new fruiting branches, with similar 
trends noted from 2021 to 2023. With the one-film, two-row planting mode, the neonatal 
buds, new fruiting branches, and new fruiting nodes in cotton plants were significantly 
higher than those under the one-film, three-row planting mode. In 2021, compared with 
the M0 treatment, the M2 treatment significantly increased the number of new fruiting 
branches and new bolls by 34.33% and 12.13%, respectively. Similarly, in 2022, the M2 
treatment resulted in significant increases in new fruiting branches (by 36.08%) and new 
bolls (by 40%) when compared with the M0 treatment. No significant differences were 
observed between the M1 and M3 treatments (Figure 3). Through observation and analy-
sis of the field schematic diagram, it can be clearly observed that there were significant 
differences in the top cotton bolls among the treatments. Specifically, the numbers of top 
cotton bolls under the M2 and M3 treatments were significantly higher than those under 
the M0 treatment; these cotton bolls were not only more numerous but also larger and 
fuller in size. The M2 treatment had the most pronounced effect on the growth of new 
bolls, which underscores its effectiveness in promoting the development of new cotton 
bolls (Figure 4). 
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Figure 3. Effect of combination treatments involving the fungicide pyraclostrobin and different 
growth regulators on new plant parts during 2021–2023.The various lowercase letters in the vertical 
direction imply significant differences between treatments at α = 0.05 level 

 

Figure 4. Effect of combination treatments involving the fungicide pyraclostrobin and growth reg-
ulators on the growth of new bolls. 
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3.2.2. Canopy Structure and Photosynthetic Characteristics 

The application of the considered fungicide in combination with different growth 
regulators enhanced the photosynthetic characteristics of the canopy, leading to varying 
degrees of increases in LAI values, canopy openness, SPAD value, and Pn. The results 
were consistent across 2021 and 2022. The trend of LAI from 0 to 30 days after the treat-
ment followed a downward parabola as the growth process advanced, with the peak LAI 
value observed 20 days after treatment for all groups. In 2021, the LAI values of cotton 
treated with M2 was increased by 2.50% compared with that under the M0 treatment at 
20 days after treatment, whereas in 2022, it was increased by 5.91%. Canopy openness 
gradually increased over time, with its peak observed 30 days after treatment. In 2022, the 
canopy openness under the M2 treatment was 10.98% higher than that under M0. The Pn 
showed a trend of initially increasing, peaking 20 days after treatment, and was followed 
by a decrease. In 2021, the Pn under the M2 treatment was 6.90% higher than that under 
M0 20 days after treatment, whereas in 2022, it was increased by 9.10%. Similarly, SPAD 
values peaked 20 days after treatment, displaying a trend that initially increased then de-
creased (Figure 5). 

 

Figure 5. Effects of fungicide application in combination with different growth regulators on the 
leaf area index, canopy opening, net photosynthesis rate, and SPAD value of cotton in 2021 and 
2022. 

3.2.3. Spatial Distribution of Cotton Bolls 

Following each treatment, the total number of bolls and fruit branches increased, 
with similar results observed in 2022 and 2023, except for the number of fruit branches in 
2021. Notably, the M3 treatment increased the total number of bolls by 8.09% and 47.7%, 
respectively, compared with the control (Figure 6). The cotton yield mainly depends on 
the inner bolls in the middle and lower parts, but is still determined by a certain propor-
tion of the lower outer boll and upper inner boll. We noticed significant differences in the 
distribution of cotton bolls among different treatments. Among all treatments, the M2 
treatment had the highest proportion of inner bolls in the upper part of the plants, ac-
counting for 40%. The M2 treatment resulted in vertical growth of cotton bolls to the 12th 
fruit branch, while other treatments had the highest vertical growth of cotton bolls, reach-
ing the 10th fruit branch. At the same time, the M3 treatment resulted in a higher propor-
tion of peripheral bolls setting in the lower half of cotton plants and horizontal growth 
reaching the third fruit node, contributing significantly to yield (Figure 7). 
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Figure 6. Effects of the application of different growth regulators in combination with the fungicide 
on the boll number and fruit branch number from 2021 to 2023.The various lowercase letters in the 
vertical direction imply significant differences between treatments at α = 0.05 level 

 

Figure 7. Effect of the fungicide application in combination with different growth regulators on the 
spatial distribution of cotton bolls from 2021 to 2023. 
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3.2.4. Cotton Boll Morphology 

Each treatment led to increases in the boll weight, boll volume, and boll diameter to 
varying degrees, with consistent results observed from 2021 to 2023. In 2021, the M2 treat-
ment showed significant improvements compared with the M0 treatment, with increases 
of 36.36% in boll weight, 17.27% in boll volume, and 28.72% in boll diameter. In 2022, no 
significant differences in these parameters were observed between the M1 and M0 treat-
ments. Similarly, in 2023, no significant differences were noted among the M1, M3, and 
M0 treatments (Figure 8). The M2 treatment had a greater effect on boll shape than the M0 
treatment (Figure 9). 

 

Figure 8. Effects of different growth regulators applied in combination with the fungicide on cotton 
boll morphology during the peak boll period from 2022 to 2023.Please check if explanations are 
required for different letters. 

 

Figure 9. Schematic of cotton boll morphology under different treatments involving the fungicide 
and growth regulators during the full boll period in 2023. 

3.3. Correlation Analysis 

3.3.1. Correlation Between New Bolls and Seed Cotton Yield 

The seed cotton yield exhibited a positive correlation with the number of new bolls 
during 2021–2023. In 2021, the seed cotton yield under the M2 and M3 treatments showed 
significant positive correlations, with correlation coefficients (r) of 0.693 and 0.663, respec-
tively. In 2022, the correlation coefficients for the M2 and M3 treatments were also signif-
icantly positive, with r = 0.655 and 0.878, respectively. In 2023, the correlation coefficient 
for the M2 treatment (r = 0.663) indicated an extremely significant positive correlation be-
tween seed cotton yield and the number of new bolls (Figure 10), whereas those for the 
other treatments were not significant. Compared with other treatments, the M2 and M3 
treatments resulted in more numerous, larger, and fuller new bolls at the top of the plants, 
aligning with the correlation analysis results (Figure 10 and Figure 4). 
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Figure 10. Correlation between new boll number and seed cotton yield from 2021 to 2023. p > 0.05 
indicates no correlation between the number of new bolls and the seed cotton yield. ** p < 0.01 

3.3.2. Correlation Between Boll Retention and Seed Cotton Yield 

A positive correlation was observed between the boll retention rate and seed cotton 
yield across all treatments from 2021 to 2023. In 2021, the seed cotton yield for the M2 and 
M3 treatments showed significant positive correlations with the number of new bolls, 
with correlation coefficients (r) of 0.683 and 0.734, respectively. In 2022, these correlations 
were significant and positive for all treatments—that is, M1, M2, and M3—with correla-
tion coefficients (r) of 0.657, 0.577, and 0.804, respectively. In 2023, the seed cotton yield 
remained significantly, positively correlated with the number of new bolls (r = 0.553) for 
the M2 and M3 treatments; however, the correlations were not significant for other treat-
ments (Figure 11). 
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. 

Figure 11. Correlation between the boll retention rate and the seed cotton yield in 2021 and 2023. p 
> 0.05: no correlation between boll percentage retention and seed cotton yield. * p < 0.05, ** p < 0.01 

3.3.3. Correlations Among Boll Weight, Volume, Diameter, and Seed Cotton Yield 

In 2021, the correlation coefficients for boll volume (r = 0.574), boll weight (r = 0.515), 
and boll diameter (r = 0.594) with seed cotton yield under the M2 treatment were signifi-
cant and positive. In 2022, the boll volume under the M1 treatment was positively corre-
lated with seed cotton yield (r = 0.520). In addition, significant positive correlations were 
observed between the boll weight and seed cotton yield for the M2 and M3 treatments, 
with coefficients (r) of 0.592 and 0.580, respectively. In 2023, the boll volume under the M2 
and M3 treatments exhibited significant positive correlations with seed cotton yield, with 
coefficients (r) of 0.642 and 0.740, respectively. The boll diameter under the M2 treatment 
also showed a strong positive correlation (r = 0.768). Similarly, the boll weight and seed 
cotton yield were positively correlated under the M2 (r = 0.733) and M3 (r = 0.633) treat-
ments. However, a negative correlation was observed between seed cotton yield and boll 
volume under the M1 treatment(Table 2). These correlation analysis results align with the 
data presented in Figure 8 and Figure 9, confirming the trends observed in this study. 

Table 2. Correlations among boll weight, volume, and diameter in 2021 and 2023. 

Years Treatments 
Boll Volume (cm3) Boll Diameter (mm) Boll Weight (g) 

n r p n r p n r p 

2021 

M1 15 0.487 0.066 15 0.301 0.276 15 0.407 0.132 
M2 15 0.574 * 0.025 15 0.594 * 0.020 15 0.515 * 0.050 
M3 15 0.099 0.725 15 0.231 0.407 15 0.432 0.108 
M0 15 0.154 0.583 15 0.428 0.112 15 0.402 0.137 

2022 
M1 15 0.520 * 0.047 15 0.297 0.282 15 0.273 0.325 
M2 15 0.469 0.078 15 0.506 0.054 15 0.592 * 0.020 
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M3 15 0.287 0.299 15 0.211 0.451 15 0.580 * 0.023 
M0 15 −0.031 0.914 15 0.198 0.479 15 0.157 0.577 

2023 

M1 15 0.364 0.182 15 −0.070 0.805 15 0.280 0.312 
M2 15 0.642 ** 0.010 15 0.768 ** 0.001 15 0.733 ** 0.002 
M3 15 0.740 ** 0.002 15 0.508 0.053 15 0.633 * 0.011 
M0 15 0.230 0.409 15 0.043 0.880 15 0.052 0.854 

p > 0.05 indicates no correlation between seed cotton yield and the boll weight, boll volume, or boll 
diameter.*p＜0.05，**p＜0.01，***p＜0.001. 

3.4. Cotton Fiber Quality 

In 2023, we noted no significant difference in the specific fracture strength among 
different treatments. Except for the fiber-specific strength in the middle parts in 2022, the 
fiber specific strength under all the other treatments did not significantly differ. There was 
only a difference in uniformity in the middle and lower parts in 2022. Meanwhile, the 
average length in the lower half under the M1 treatment was 0.9 mm greater than that 
under the M0 treatment. The M2 and M3 treatments significantly improved the uni-
formity in the upper parts of the plants when compared to the M0 treatment, with in-
creases of 1.18% and 1.45%, respectively. In 2023, we observed no significant differences 
in average length, uniformity index, or fiber strength values among the treatments. Over-
all, the Micronaire values in 2023 were lower than those in 2022. The quality of the middle 
and lower parts was the best in 2023, and in 2022, the quality under the M2 treatment was 
the best when compared to the other treatments(Table 3). 

Table 3. Effect of fungicide application in combination with different growth regulators on cotton 
fiber quality. 

Years Parts Treatments 
Upper Half 

Mean Length 
(mm) 

Uniformity 
Index (%) 

Fiber 
Strength 
(cN tex−1) 

Micronaire 

2022 

Upper 

M1 29.70 ab 85.30 a 29.03 a 4.76 a 
M2 30.50 a 85.43 a 29.30 a 4.33 a 
M3 30.53 a 84.80 a 28.73 a 4.63 a 
M0 29.50 b 85.03 a 29.73 a 4.96 a 

Middle 

M1 30.76 a 85.23 ab 29.46 a 4.86 a 
M2 30.76 a 86.10 a 28.33 b 4.23 a 
M3 30.50 a 85.73 ab 28.53 ab 5.00 a 
M0 29.70 b 84.16 b 28.56 ab 5.13 a 

Lower 

M1 30.40 a 83.23 b 29.20 a 4.86 a 
M2 30.26 ab 84.33 a 29.40 a 4.80 a 
M3 30.10 ab 84.60 a 28.93 a 4.83 a 
M0 29.65 b 83.15 b 28.60 a 5.23 a 

2023 

Upper 

M1 31.00 ab 88.60 a 32.33 a 4.40 ab 
M2 31.70 a 89.43 a 32.86 a 4.20 a 
M3 31.23 ab 88.33 a 33.03 a 4.30 ab 
M0 30.16 b 87.63 a 31.33 a 4.53 a 

Middle 

M1 30.76 a 87.63 a 33.63 a 4.36 a 
M2 30.83 a 88.50 a 35.00 a 4.20 a 
M3 30.40 a 88.36 a 33.26 a 4.26 a 
M0 30.30 a 87.70 a 33.03 a 4.66 a 

Lower 
M1 31.56 a 89.26 a 32.80 a 4.16 a 
M2 32.20 a 89.60 a 35.23 a 4.10 a 
M3 31.33 ab 89.26 a 34.30 a 4.33 a 
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M0 30.40 b 88.93 a 32.00 a 4.53 a 
Different letters in the same column on the same day indicate that the differences are significant at 
a level of 0.05. 

4. Discussion 
Yield levels in cotton production are affected by various management factors, among 

which chemical regulation plays a particularly significant role [2,14]. This study con-
ducted experiments involving spraying a fungicide in combination with different growth 
regulators for cotton cultivation, with the aim of exploring their effects on cotton yield and 
quality. In this experiment, with the one-film, two-row planting mode, the placement of 
neonatal buds, new fruiting branches, and new fruiting nodes in cotton plants was signif-
icantly higher than those under the one-film, three-row planting mode. A previous study 
has pointed out that, when planting two rows with one film, the individual cotton buds 
were relatively large, while the number of cotton buds per unit area was small; in contrast, 
under the one-film, three-row planting pattern, although the size of the cotton buds might 
decrease gradually, the number of cotton buds per unit area increased significantly [15,16]. 
This is consistent with the results of the experiment in this study. Previous studies have 
found that cotton production mainly relies on the middle and lower parts of the inner 
ring, while the proportion in the outer ring is relatively small; however, increasing the 
number of upper cotton bolls is a potential pathway for achieving higher yields [17]. In 
this study, the M2 treatment had the highest proportion of inner bolls in the upper part of 
the plants, accounting for 40%. The M2 treatment resulted in the vertical growth of cotton 
bolls to the 12th fruit branch, while other treatments led to the highest vertical growth of 
cotton bolls reaching the 10th fruit branch, which is consistent with the results of previous 
studies. 

Previous studies have revealed a consistency between the boll weight and the per-
centage of clothing, with heavier cotton bolls resulting in a heavier clothing percentage 
[18]. However, there was some inconsistency between the weight of cotton bolls and the 
percentage of clothing in this experiment. This is inconsistent with previous results, which 
may be due to the different effects of the pesticides on different varieties, or because spray-
ing pesticides enhances the stability and consistency of cotton populations. Furthermore, 
there were differences in the irrigation and fertilization of cotton fields in different years. 
The frost-free period in Xinjiang is relatively long. In the context of reducing planting 
density to achieve mechanical harvesting, cotton farmers often tend to increase irrigation 
and fertilization [19,20]. In this study, the application of growth regulators had an impact 
on both the Pn and LAI values, with all treatments leading to increases in the Pn and LAI 
values compared to the control. Both the Pn and LAI reached their peak values 20 days 
after treatment. Previous studies have shown that LAI and Pn values are influenced by 
growth regulators, and that all treatments led to improvements when compared with the 
control [21]. Both the LAI and canopy openness values were higher in 2021 than in 2022, 
corresponding to higher yields in 2021. Although the number of bolls per unit area was 
higher in 2021, the average boll weight was relatively low. At the same time, in 2022, the 
Pn showed a significant increase, likely due to the lower planting density that allowed for 
better light penetration and expansion of the cotton plant’s light-receiving surface [22,23]. 
Despite the lighter boll weight in 2021, overall production remained at the highest level. 
This suggests that a higher planting density, while reducing boll weight, does not com-
promise total yield. The reason for this phenomenon may be differences in planting pat-
terns. To determine the specific reasons underlying this yield difference, it is still neces-
sary to conduct further research. 
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5. Conclusions 
All three combination treatments designed in this study demonstrated a strong po-

tential to increase cotton yield, and showed promising application prospects in cotton pro-
duction. Among these, the treatment with 40% pyrazoline (300 mL/ha) + 0.1% thiaphenone 
(150 g/ha) exhibited the strongest regulatory effect. Compared with the control, this treat-
ment significantly increased the number of bolls per unit area and boll weight, thereby 
substantially improving seed cotton yield. This study also revealed a positive correlation 
between the number of new bolls and seed cotton yield, as well as between the boll reten-
tion rate and seed cotton yield. These findings provide valuable insights into the chemical 
regulation of cotton production in the Aksu region of Xinjiang, China, offering practical 
implications for improving yields in the context of cotton cultivation. 
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