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Abstract: A field study was conducted at the Eastern Mediterranean Agricultural Research Institute, Adana,
Turkey, during the 2022/23 cropping seasons to examine the impact of Mepiquat chloride dosage applied at
different intervals to optimize growth, yield characteristics enhancement and improve fiber quality attributes
of cotton. The study employed a split-split plot design with three replications. The results revealed that
differences among treatments were not statistically significant for most parameters investigated. The observed
discrepancies indicated that all treatments tested in 2012 delayed cotton development, whereas in 2023, they
led to premium fibers. In 2023, the fiber percentage was highest in the control treatment, and in 2022, it was
highest at 400 mL-ha-1. Across all years, the Selin variety exhibited the highest fiber percentage when Mepiquat
chloride was applied at the bolling stage. The shoot-root ratio was highest at 400 mL-ha-1 during harvest in
2022 and at 0 mL-ha-1 during the reproductive stage in 2023. Overall, the results demonstrated that the
application of Mepiquat chloride altered the physiological characteristics of the cotton plants, leading to
bottom-up effects on cotton performance. This implies that the effectiveness of Mepiquat chloride in cotton
production to alleviate drought stress is influenced by weather-related conditions.

Keywords: Mepiquat chloride; application time; cotton; shoot-root ratio; fiber percent; maturity
index

1. Introduction

Cotton (Gossypium spp.) is an upright, perennial plant exhibiting a hermaphroditic growth
habit, mainly grown as cash crop for millions of farmers worldwide [1]. Indeed, the precise centers
of origin of cotton remain uncertain [2]. It is broadly adapted across temperate, subtropical, and
tropical environments, but growth and production face significant challenges due to the impacts of
climate change [3]. Recent evidence and predictions indicate an increase in climate hazards, notably
heat stress, drought, and extreme rainfall, in some of the highest cotton-producing countries,
primarily China, India, USA, Brazil, Pakistan and Turkey [4]. Climate risks are not only posing a
threat to the cotton value chain; extreme weather events impact the well-being of worker throughout
the pro-duction cycle [5].

The growth and development of cotton are intricately influenced by temperature, as it regulates
the rates of respiration, photosynthesis, flowering and fruit production [6]. The duration of
temperature effects varies with the phenological periods, physio-morphological and genetic structure
of the cotton plant [7]. Temperature increases have been linked to early blooming of plants [8], which
in turn can subsequently hamper productivity and threaten food security [9]. This effect may be
exacerbated when extreme temperatures coincide with shifting in rainfall patterns [10,11].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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Cotton farmers encounter challenges in selecting the best management strategies to address the
adverse effects of climate change, especially amidst rising production costs and unpredictable crop
returns [12]. This difficulty arises despite the availability of various technologies, including the use
of tolerant varieties, irrigation, optimal planting densities, and synthetic growth regulators, which
have been developed and disseminated to mitigate the impacts of climate change [4,13,14]. Among
these techniques, the enactment of plant growth regulators holds paramount momentousness. They
not only influence the vegetative growth, yield, and fiber quality of cotton but also contribute to
maintaining a vigorous crop stand, enhancing radiation-use efficiency, harmonizing plant canopy
structure, better comfort of harvest, optimizing the source-sink relationship by regulating hormonal
balance, and reducing the need for labor-intensive tasks, thereby mitigating costs [15-17]. Despite its
importance, the effectiveness of plant growth regulators, such as Mepiquat Chloride, depends on
several factors, including variety selection, crop management practices, environmental conditions,
application dosage, methods and timing [18,19].

Nevertheless, the majority of cotton cultivation occurs in arid and semiarid regions at present.
Therefore, determining the optimal dosage and timing of PGRs to enhance yield in newly developed
high-yield and high-quality cotton varieties in Turkey is crucial. Consequently, this study
hypothesized that the application of PGRs can improve cotton yield in areas impacted by the adverse
effects of climate change. Thus, the present study was undertaken to explore the beneficial effects of
Mepiquat Chloride on the canopy architecture, yield and fiber quality of two cotton cultivars in the
Mediterranean zone of Turkey.

2. Materials and Methods
2.1. Description of the Study Site

The experiments were conducted on a field of Eastern Mediterranean Agricultural Research
Institute (36° 5123 N, 35° 2048 E), Adana, Mediterranean region, Turkey, in 2022 and 2023. The
average temperature during the growing season was 23.91°C in 2022, with an average wind speed of
2.38 km/h and a mean rainfall of 170.20 mm (Figure 1). In contrast, in 2023, the average temperature
rose to 24.23°C, with an average wind speed of 2.45 km/h and a mean rainfall of 172.80 mm (Figure

2).
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Figure 1. Mean monthly rainfall, wind speed and temperature for 2022 cropping season.
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Figure 2. Mean monthly rainfall, wind speed and temperature for 2023 cropping season.

2.2. Experimental Design, Treatments and Field Management

The experiment was conducted in field plots measuring 30 m x 30 cm, each containing 4 lines,
settled in a split-split plot design with 3 replications. The main-plots consisted of two cotton varieties:
Sezener and Selin. The sub-plots represented the application times, which were set at squaring stage
(60 days after planting) and during boll development (78 days after planting). The sub-sub plots
included four dosages of Mepiquat Chloride, which were sprayed at 0 mL-ha* (To), 400 mL-ha (T1),
400+400 mL-ha (T2) and 800 mL-ha (Ts). The planting configuration involved a spacing of 70 cm
between rows and 20 cm within rows, subsequent in a plant density of 142,857 plants ha-'. Cotton
was sown subsequent to wheat harvesting. The Mepiquat Chloride used in the study was provided
by the Institute. Additionally, other agronomic practices, including weeding, irrigation, and
insecticide, were implemented throughout the growing season. The cotton plants were harvested
upon reaching physiological maturity.

2.3. Data Collection

i Canopy architecture
Three (3) plants from each plot were selected randomly and brought to Ondokuz Mayis
University for measurements. The samples were collected at three different growth stages (i.e.
vegetative, reproductive and harvest). The collected samples were dived into to their above- and
belowground parts at the boundary between the root and stem, and then dried in a forced-air-
circulation oven at 65°C for 72 hours. The dried biomass was weighed using electronic 0.001 g
weighing balance and averaged to assess their shoot-root biomass ratios.
ii. Fiber percent
Seed cotton was handpicked from the two inner rows (4.2 m2) of each plot and cautiously
labeled. The collected seed cotton was then sun-dried for a month and weighed using an electronic
weighing balance, and subsequently, was ginned to separate fiber, seeds and trash. Fiber percentage
was calculated using the following formula:

[100 = fiber weight (g)] / [weight of seed cotton (g)]

iii. Fiber quality
The ginned cotton from each plot was sent to the quality analysis department of the Eastern
Mediterranean Agricultural Research Institute for high-volume instrument (HVI-900, USTER)
analysis of fiber properties, typically, maturity index (%).
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2.4. Statistical Analysis

The collected data were analyzed using SPSS 17. computer software, and trial data were
subjected to analysis of variance (ANOVA) fitting for the experimental design. Significant differences
between treatment means were determined using the Duncan multiple comparison procedure at a
significance level of P <0.05 [20]. Tables and graphs were drawn with Microsoft Excel 2019.

3. Results

3.1. Analysis of Variance (ANOVA)

The results of variance analysis showed that the effects of concentration, variety, application
time, application time x variety, variety x concentration, application time x variety and concentration
x application time x variety on fiber percent and maturity index were not statistically significant (P
<0.05) (Table 1).

Table 1. Variance Analysis of Shoot-Root Ratio, Fiber Percent and Maturity Index of different cotton
varieties influenced by Mepiquat Chloride (2022-2023).

Fiber Maturity
Shoot-to-root ratio
Percent (%)  Index (%)

Source
of d 202 202 202 202
2022 2023
Variatio f 2 3 2 3
n
Vegetativ. Reproductiv. Harves Vegetativ Reproductiv Harves
e e t e e t
Conc 3 ns ns * ns ns ns ns ns ns ns
App. T 1 ns ns ns ns ns ns ns ns ns ns
Var 1 ns * ns ns ns ns ns ns ns ns
App. T
3 ns ns ns ns ns ns ns ns ns ns
X Conc
Var X
3 ns ns ns ns ns ns ns ns ns ns
Conc
App. T
1 ns ns ns ns ns ns ns ns ns ns
X Var
Conc X
App.T 3 ns ns ns ns ns ns ns ns ns ns
X Var

The significance levels * and ns represent p < .05 and p > .05, respectively. Conc = Concentration, App. T =
Application Time, Var = Variety, ns = not statistically significant, df = Degrees of freedom.

3.2. Outcome of Mepiquat Chloride on Shoot-Root Ratio at Different Growth Stages

In 2022, when Mepiquat chloride was applied, the findings that the shoot-root ratio of cotton
varieties was higher in reproductive stage, measuring 6.28, compared to 6.00 during the harvest stage
and 5.82 during the vegetative stage. The Sezener variety achieved a significantly (p < 0.05) highest
shoot-root ratio of 6.57, outperforming the Selin variety at the reproductive stage (Table 1 and figure
4). The best timing for Mepiquat chloride application was at bolling, resulting in the highest shoot-
root ratio of 6.54 (Figure 4). The shoot-root ratio for all Mepiquat chloride concentrations across both
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varieties varied significantly (p < 0.05) at harvest stage (Table 1). However, the highest shoot-root
ratio of 6.76 was recorded at harvest stage under 400 mL-ha"', while the lowest shoot-root ratio of 5.08
was observed at the harvest stage with 0 mL-ha! (Figure 3).

0 mL-ha-1 400 mL ha-1 400+400 mL-ha-1 800 mL-ha-1
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Figure 3. Effect of Mepiquat Chloride concentrations on shoot-root ratio at different growth stages in
2022.
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Figure 4. Effect of different Mepiquat Chloride application timing on shoot-root ratio of cotton
varieties at different growth stages in 2022.

In 2023, when cotton varieties were sprayed with Mepiquat chloride, the shoot-root ratio at the
reproductive stage was highest at 13.93, compared to 7.93 at the harvest stage and 6.19 at the
vegetative stage. The Selin variety exhibited a superior shoot-root ratio of 14.65 at reproductive stage,
outstripping the Sezener variety (Figure 6). The application timing also influenced outcomes, with
the highest shoot-root ratio of 14.63 recorded when Mepiquat chloride was sprayed at squaring
(Figure 6). Although there were no significant differences (p < 0.05) in the shoot-root ratio across all
Mepiquat chloride concentrations including the control, the application of 400+400 mL-ha" at the
vegetative stage resulted the lowest shoot-root ratio of 5.57, while the highest ratio of 14.32 was
registered at the reproductive stage with 0 mL-ha (Table 1 and Figure 5).
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Figure 5. Effect of Mepiquat Chloride concentrations on shoot-root ratio at
different growth stages in 2023.
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Figure 6. Effect of different Mepiquat Chloride application timing on shoot-root ratio of cotton
varieties at different growth stages in 2023.

3.3. Outcome of Mepiquat Chloride on fiber percent

In 2022, the application of Mepiquat Chloride at squaring stage and the Selin variety resulted in
the highest fiber percent, with 61.53% and 61.49%, respectively (Figure 7). Conversely, Sezener
variety had a lower fiber percent (55.06%) with the application of 400 mL-ha™ at bolling stage (Table
2). Fascinatingly, the control treatment (0 mL-ha') recorded the highest fiber percent (64.60%) in the
Selin variety when Mepiquat Chloride was applied at squaring stage (Table 2).
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Figure 7. Effect of Mepiquat Chloride application on fiber percent of different cotton varieties under
different application intervals (2022—2023).

In 2023, the highest fiber percent (72.70%) was detected with the application of Mepiquat
Chloride at bolling stage (Figure 7). The Selin variety consistently outperformed the Sezener variety
in fiber percent, reaching 73.18% compared to 71.06% (Figure 7). Additionally, the lowest fiber
percent (68.42%) in the Sezener variety was recorded with Mepiquat Chloride spritzing at 400+400
mL-ha' at bolling stage, while the control treatment (0 mL-ha') yielded the highest fiber percent
(76.36%) in the Selin variety at bolling stage (Table 3).

Table 2. Interaction of different Mepiquat chloride concentrations and scheduling time on fiber
percent of cotton varieties (2022).

Sources of variations Fiber percent (%)
Variety Application Time To T T2 Ts
) Squaring 64.60 £1.11 61.73 £2.06 60.31 £1.21 58.29 +3.00
selin Bolling 60.77 £ 2.64 66.29 £4.16 55.66 +3.12 64.30 +4.22
Sesencr Squaring 62.76 £4.10 60.39 +3.06 59.61 +4.19 64.52 £2.62
Bolling 62.05+4.34 55.06 £ 1.19 60.65 +2.56 62.11 £1.97
Grand Mean 61.194
SE 5.311
CV (%) 8.678

Values represent mean + SD. To=0mL-ha", T1 =400 mL-ha", T2=400+400 mL-ha", T3 =800 mL-ha", SD = standard
deviation, CV Coefficient of variation.

Table 3. Interaction of different Mepiquat chloride concentrations and scheduling time on fiber
percent of cotton varieties (2023).

Sources of variations Fiber percent (%)
Variety  Application Time To Ta T2 Ts
Seli Squaring 71.65+3.16 70.54 +0.92 7226 +0.77 72.86+2.13
elin
Bolling 76.36 = 0.78 74.74 £ 2.66 74.57 +1.36 72.48 +2.28

Sezener Squaring 71.62 £ 3.66 70.19 £2.59 73.87 £1.76 69.34 +1.87


https://doi.org/10.20944/preprints202407.0372.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 July 2024 d0i:10.20944/preprints202407.0372.v1

8
Bolling 7249 +1.06 72.67 +4.03 68.42 +1.26 69.88 +1.05
Grand Mean 72.122
SE 3.774
CV (%) 5.233

Values represent mean + SD. To=0 mL-ha", T1 =400 mL-ha, T2=400+400 mL-ha"!, T3 =800 mL-ha, SD = standard
deviation, CV Coefficient of variation.

3.4. Outcome of Mepiquat Chloride on maturity index

In 2022, the highest maturity index (84.17%) was recognized when Mepiquat Chloride was
applied at bolling stage (Figure 8). The Sezener variety recorded the highest maturity index (84.13%),
exceeding the Selin variety (84.00%) (Figure 8). Additionally, the findings discovered the lowest
maturity index (83.33%) in the Selin variety with control treatment (0 mL-ha') (Table 4).

MATURITY INDEX

——2022 ——2023

200.00
150.00

100.00

PERCENTAGE

50.00

0.00
SELIN SEZENER SQUARING BOLLING

VARIETY & APPLICATION TIME

Figure 8. Effect of Mepiquat Chloride application on maturity index of different cotton varieties under
different application intervals (2022- 2023).

In 2023, the mean maturity index of two cotton varieties did not vary significantly, with both
recording 84.87% (Figure 8). Application time of Mepiquat Chloride showed discrepancies in
maturity index, with the highest percentage (87.93%) found at squaring stage, and the lowest
percentage (87.75%) achieved at bolling stage (Figure 8). Spraying Mepiquat Chloride at a
concentration of 400+400 mL-ha' during the squaring stage led to the highest maturity index
(88.65%), whereas applying it at 0 mL-ha' resulted in the lowest maturity index (86.89%) for the
Sezener variety (Table 5).

Table 4. Interaction of different Mepiquat chloride concentrations and scheduling time on maturity
index of cotton varieties (2022).

Sources of variations Maturity Index (%)
Variety Application Time To T Tz Ts
Sel Squaring 83.33+0.33 83.67 +0.33 84.00 + 0.58 84.33+0.33
elin
Bolling 83.67 +0.21 84.33+0.33 84.33+0.33 84.00 +0.58
Squaring 84.00 + 0.58 84.33 £0.33 83.67 +0.33 84.33 £0.33
Sezener

Bolling 84.33 £ 0.67 84.17 £0.17 84.00 £ 0.58 84.33 £0.33
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Grand Mean 84.063
SE 0.665
CV (%) 0.792

Values represent mean + SD. To=0 mL-ha", T1 =400 mL-ha", T2=400+400 mL-ha"!, T3 =800 mL-ha, SD = standard
deviation, CV Coefficient of variation.

Table 5. Interaction of different Mepiquat chloride concentrations and scheduling time on maturity
index of cotton varieties (2023).

Sources of variations Maturity Index (%)
Variety Application Time To Ti T2 Ts
Sel Squaring 87.88 +0.17 87.50+0.51 88.02+0.24 87.95+0.10
elin
Bolling 87.96 +0.28 88.00+0.21 87.32+0.36 88.06 +0.04
Squaring 87.37 +0.66 88.25+0.59 88.65 +0.42 87.79 +0.37
Sezener

Bolling 86.89 £ 0.68 87.94 +0.35 87.79 £0.41 88.07 £0.62
Grand Mean 87.840
SE 0.725
CV (%) 0.825

Values represent mean + SD. To=0 mL-ha", T1 =400 mL-ha, T2 =400+400 mL-ha"!, T3 =800 mL-ha, SD = standard
deviation, CV Coefficient of variation.

4. Discussion

Shoot-root ratio is the quotient of the dry mass of the shoots over the dry mass of the roots
produced during a given growth period. It is a morphological character that used for the assessment
of gas exchange rates, transpiration and osmotic rates, cell wall elasticity, water-use efficiency and
finally photosynthesis rate [21,22]. A low shoot-root ratio indicates a prevalence of roots compared
to leaf surface area, signifying that the plant is not likely to suffer from an excessive-water stress, and
vice versa. In 2022, a higher shoot-root ratio was detected when Mepiquat chloride was sprayed at
bolling compared to the squaring stage (Figure 4). Delaying defoliation enhanced attributes such as
plant height, carbon assimilation, and the allocation of photosynthates towards cotton bolls
development, resulting to greater dry above-ground biomass. These findings align with the
preceding research as conveyed by [15,23].

However, shoot-root ratio did not show a consistent trend with the varying Mepiquat chloride
concentrations tested (Figure 3 and Figure 5). For instance, in 2023, the highest shoot-root ratio was
recorded with the control treatment (0 mL-ha') when plants were sampled at the reproductive stage
(Figure 5). In contrast, in 2022, the control treatment (0 mL-ha") resulted in the lowest shoot-root ratio
across all growth stages (Figure 3). This discrepancy might be credited to the variability in weather
conditions at the study site between the two years, as summarized in figure 1 and 2. Furthermore, in
2023, all Mepiquat chloride concentrations led to a lower shoot-root ratio compared to the control
treatment (0 mL-ha) at reproductive stage (Figure 5). Additionally, at the same growth stage in 2022,
the application of Mepiquat chloride at 400+400 mL-ha" resulted in the lowest shoot-root ratio (Figure
3). The decline in the accrual of the shoot-root ratio with the varying concentrations might be
attributed to reduced plant height, internode length, number of nodes, height to node ratio and
disruption in the source-to-sink relationship. The findings corroborate previous studies [24-28].

The results of the present study indicate that the concentrations and timing of Mepiquat chloride
application did not substantially impact on fiber percentage. Timeliness of application, precise
concentrations, and their interaction with cultural practices have shown a noteworthy influence on
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crop response and the potential for successful Mepiquat chloride use. Across the two years of study,
the highest fiber percentage varied with application timing; in 2022, it was noted at the squaring
stage, while in 2023, it was recorded at the bolling stage. This variation might be due to the fact that
the effectiveness of concentrations depends on cultural practices, environmental conditions and
geographical factors, suggesting that there is a specific range over which a chemical works best. These
findings are in conformity with observations obtained by [29-31].

Mepiquat chloride has shown unpredictable results, as some early studies have documented its
effects on yield and yield components variably: some found increased yields [15,26,32,33], while
others reported both increases and decreases in different tests[34,35]. Additionally, some studies
noted little effect on yield [17,36-39] or even reduced yield [40,41]. The decline in fiber percent with
Mepiquat chloride application could be attributed to reduced chlorophyll synthesis in plants, which
is essential for carbon assimilation, carbohydrate synthesis, and protein and sugar formation [42].

Our results designate that the highest fiber percentage was found with the control treatment (0
mL-ha'). The reason for the increase fiber percent might be due to the presence of abundant roots,
which can effectively seek out, absorb, and transport water and dissolved minerals from the soil to
the plant for photosynthesis. The increase in fiber percentage with the control treatment aligns with
findings from earlier research by [18]. Additionally, each variety reacted slightly differently to the
application of Mepiquat chloride on fiber percent. The differences could be ascribed to heterogeneity
in plant genetic characteristics for moisture requirement, which prevents excessive
evapotranspiration and, as a result, differencing in fiber percent [43]. The genotypic discrepancy in
fiber percent in response to Mepiquat Chloride application has been documented by prior researchers
[42,44,45].

Cotton fiber quality refers to the quality of cotton fibers required for the textile industry.
Maturity Index, expressed as a percentage, serves as a measure of micronaire, strength, and
elongation in a cotton sample [46]. This index is a key parameter for assessing the degree of cell wall
thickness, which in turn affects various aspects of the spinning process, yarn evenness, yarn
appearance, fabric drape, and yarn brightness [47,48]. Maturity index is categorized as follows: low
if <75%, immature: 75 to 85%, mature/premium: 86 to 95% and very mature >95% [49]. These classes
exemplify that higher percentages indicate better suitability for producing high-quality yarn and
fabric for textile applications.

The maturity index varied significantly over the two years, being low in 2022 and in the
premium range in 2023 (Table 4 and Table 5). The maturity index did not differ significantly among
Mepiquat chloride concentrations when averaged across years (Table 1), with low values being
recorded in control treatment (0 mL-ha?). This might be due to favorable effect of Mepiquat chloride,
which played greater role in reducing excessively vegetative growth by inhibiting the synthesis of
gibberellin hormone. This inhibition resulted in earlier maturity due to enhanced partitioning of
assimilates into upper canopy bolls, which subsequently matured more rapidly [50-54].

Furthermore, our results noted no consistent trends among the Mepiquat chloride
concentrations on maturity index. For example, the application of 400+400 mL-ha at squaring stage
in Sezener variety fell within the premium range in 2023 but was in the immature range in 2022 (Table
4 and Table 5). These inconsistencies among varieties, application timing and concentrations might
be due to variations in weather and/ or environment conditions across the two years. Our findings
are in consonance with earlier researchers [8,14].

5. Conclusions

The results designated that the efficiency of Mepiquat chloride applied at different scheduling
times depends on the weather-related conditions of a particular area. Our findings revealed an
inconsistent trend for the shoot-root ratio, fiber percent, maturity index across all treatments,
counting variety, application timing, and concentration over the years examined. Besides, in 2022,
our discoveries showed that all Mepiquat chloride concentrations and their application times align
within the immature range for cotton fibers, suggesting that these differences are unlikely to
encourage net returns. In view of a financial perspective, relying solely on Mepiquat chloride
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application may lead to economic losses. Hence, further research is affirmed to probe the benefits of
integrating various fertilizer sources, meteorological data and Mepiquat chloride within the cotton
agro- ecology zone of Tanzania, which is significantly affected by the negative impacts of climate
change.
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