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The study aimed to analyse phenotypic diversity and agronomic variability of cotton
germplasm in relation to collection, conservation and utilisation strategies, focusing on
local and foreign varieties for sustainable agricultural development. The research
combined a narrative review of scientific literature with an original evaluation of 180
cotton germplasm accessions, including 130 local and 50 introduced materials, based on
economically valuable traits. Local genotypes demonstrated high adaptation to regional
agro-climatic conditions, with seed-cotton yield exceeding the standard variety by up to
53.1% and fibre yield improvement ranging from 1.9 to 10.6%. Several local accessions
showed favourable productivity characteristics, including yields of up to 5.2 t/ha and
ginning outturn values up to 40.4%. Introduced genotypes contributed valuable fibre
quality traits, with fibre lengths reaching up to 34.1 mm, exceeding the standard value
and expanding the available genetic resources for breeding programmes. Several
accessions with reduced maturity duration compared with standard varieties were
identified as promising sources for early-maturity breeding. Multivariate analysis
revealed distinct phenotypic groups among the evaluated materials, confirming the
presence of diverse combinations of agronomic and fibre characteristics. The study
highlighted the importance of field evaluation, expeditionary collection, and genetic
resource conservation for maintaining valuable cotton diversity. The integration of local
and foreign germplasm with modern breeding approaches may contribute to the
development of productive and adaptable cotton varieties.

1. INTRODUCTION

among local and commercial varieties. For instance, Bukhari
et al. [3] used random amplified polymorphic DNA-

Cotton (Gossypium spp.) is one of the most important crops
in the world, used not only for fibre production but also as a
source of oil and feed. According to the global surveys
conducted by Khan et al. [1], global cotton production and
consumption continue to grow due to the needs of the textile
industry and the development of new technologies in fibre
processing. However, the increased dependence on a limited
number of commercially grown cotton varieties poses a risk of
losing genetic diversity, which is the basis for agricultural

sustainability.
The historical development of cotton, from its
domestication to the current genetic transformations,

emphasises its importance as a cultivated plant and research
object. Aslam et al. [2] emphasise that the widespread use of
genetic modification methods increases the yield and
resistance of cotton varieties to abiotic and biotic stresses.
However, the insufficiently studied availability of genetic
material for these improvements is a significant problem.

The issue of conservation of cotton genetic diversity has
become central to many scientific studies, particularly those
based on the use of molecular markers to assess diversity
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polymerase markers to demonstrate how differences in genetic
composition can be used to select new varieties adapted to
changing growing conditions. Similarly, Kuang et al. [4] used
SSR markers to analyse early maturing cotton varieties,
highlighting the need for further research to identify key genes
responsible for yield and fibre quality.

Global and regional agricultural development strategies are
increasingly focusing on integrative approaches to the study
and conservation of genetic material [5, 6]. Kushanov et al. [7]
addressed the combination of Quantitative Trait Loci mapping
and marker-based selection technologies to create varieties
with increased productivity and resistance. However, a review
of the literature shows a gap in the study of local cotton
varieties in many regions of the world, including Central Asia
and Kazakhstan, where specific climatic conditions dictate
unique selection requirements.

Sarwar et al. [8] studied in detail the diversity of cotton
genotypes in terms of early maturity, yield, and fibre quality.
The use of correlation analysis, principal components, and
cluster analysis allowed them to identify varieties that can be
used in selection to increase adaptability and yield. In turn,
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Hocaoglu-Ozyigit et al. [9] conducted a genetic and
phylogenetic analysis of Turkish cotton lines using ISSR
markers and chloroplast genome regions. The results of their
research emphasised the importance of using molecular
markers to optimise selection programmes and preserve
genetic diversity in national collections.

In addition to the assessment of genetic resources, the study
of cotton evolution is a substantial component of
understanding the formation of its genetic base. Hu et al. [10]
analysed the genomic structure of cotton, focusing on its
evolutionary features. The study suggested an integrative
approach to the development of new varieties focused on
precise selection improvement, which was made possible by
analysing huge amounts of genetic data.

In addition to genetic aspects, special attention is paid to
cotton processing technologies that directly affect product
quality. Wang and Memon [11] systematised scientific data on
the physical properties and quality of cotton fibre, developing
new technologies for its processing. This information is key to
improving  production  processes and  maintaining
environmental sustainability. The impact of global climate
change on cotton production is also attracting growing
attention. Jans et al. [12] analysed how climate change affects
yields and water consumption in cotton-growing regions. The
study shows that the future sustainable development of the
industry depends on crop adaptability and innovations in water
use.

An analysis of scientific sources shows that most of the
research on cotton genetic diversity is focused on major
exporting countries such as India, China, Pakistan and the
United States. Regions with lower production volumes remain
understudied, but significant potential for increasing
productivity through optimised selection and agroecosystem
management. This approach limits the global view of the
cotton genetic pool and the potential for exploiting under-
researched resources.

The study aimed to analyse the methods of collection,
conservation, and use of genetic resources of cotton grown in
Kazakhstan, evaluating local and foreign varieties to ensure
sustainable agricultural development. In addition, the
integration of phenotypic evaluation and statistical analysis of
economically valuable traits aims to provide new insights into
cotton genetic resources.

2. MATERIALS AND METHODS

The field evaluation was conducted during the 2024
growing season at the Agricultural Experimental Station of
Cotton and Melon Growing LLP, located in the irrigated
agricultural zone of the Turkestan region, southern
Kazakhstan (approximately 43°25'N, 68°20'E). The
experimental site is characterised by an arid continental
climate, with hot and dry summers, high solar radiation, and
limited precipitation during the cotton-growing period. The
soil conditions of the experimental field correspond to typical
irrigated sierozem soils of southern Kazakhstan. The
experiment was established using a randomised complete
block design with three replications. Each genotype was
cultivated in experimental plots of 25 m? under uniform
agronomic management conditions. Standard regional
cultivation practices, including soil preparation, sowing,
irrigation management, fertilisation, weed control and plant
protection measures, were applied to all accessions. The
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standard varieties M-4005 and M-4011 were included as
reference controls for comparative evaluation.

The study is based on the analysis of scientific sources and
theoretical approaches related to cotton germplasm variability,
phenotypic diversity, collection methods, and utilisation of
varieties for sustainable agriculture. A narrative analysis of
scientific sources and theoretical approaches was conducted to
establish the current understanding of cotton genetic diversity,
conservation strategies, and the utilisation of genetic resources
in sustainable agriculture. The literature analysis was used to
provide a theoretical framework for the original evaluation of
local and foreign cotton varieties. To ensure the completeness
and accuracy of the study, data from the Food and Agriculture
Organisation [13] were also used. The Food and Agriculture
Organisation information on global trends in the conservation
of genetic resources was used to account for the international
context.

The data obtained from the Agricultural Experimental
Station of Cotton and Melon Growing Limited Liability
Partnership was also used as part of the research work under
the scientific and technical programme No. BR22885305
“Selection and genetic technology for the development of
long-term storage, restoration, monitoring and rational use of
agrobiodiversity as a basic basis for improving selection
programmes in the Republic of Kazakhstan”.

The study included 180 cotton germplasm accessions
evaluated under field conditions, comprising 130 candidate
cotton materials maintained within Kazakhstan breeding
programmes and 50 introduced materials originating from
foreign breeding programmes. Two standard check varieties,
M-4005 and M-4011, were included separately as reference
genotypes for comparative evaluation and were not counted
among the candidate accessions. The field evaluation was
conducted following the standard methodology applied at the
research station for cotton variety assessment (Figure 1).
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Figure 1. Study workflow

The tested accessions were cultivated under common
regional agronomic practices, including soil preparation,



sowing, irrigation management, fertilisation, weed control and
plant protection measures (Figure 2). Standard varieties M-
4005 and M-4011 were used exclusively as reference controls
for comparison of economically valuable traits. They were
analysed separately from the candidate accessions and were
not included in the accession count.

Site & season Germplasm panel (n = 180)

%

* 130 candidate accessions from Kazakhstan

130 local (72%)

%

50 foreign (28%)

Location: Agricultural Experimental Station
of Cotton and Melon Growing LLP,
Turkestan region, southern Kazakhstan

Agroecological features: high soil
salinity, limited soil moisture
(typical of southern Kazakhstan) breeding programmes (local material)
* 50 introduced accessions from foreign
Agronomic management: common breeding programmes (Turkey, T-16-T-65)
regional practices - soil preparation, + 2 reference standard (check) varieties,
sowing, irrigation, fertilisation, analysed separately from the candidate
weed control, plant protection accessions:

- M-4005 (standard for local material)

- M-4011 (standard for foreign material)

(applied uniformly to all accessions)

Statistical model: one-way ANOVA per
trait; LSD test, p < 0.05
(Statistica v.12.0)

Six local accessions identified as donor
varieties for the Turkestan region:
M-4018, M-5080, M-4015, M-4006.
M-4012, M-4019

Figure 2. Trial design and site information

Phenotypic assessment was performed based on the main
agronomic and technological characteristics used in cotton
breeding programmes. The evaluated traits included the
number of days from sowing to 50% maturity, seed cotton
yield, average boll weight, fibre yield and fibre length. Seed
cotton yield was determined based on the harvested production
of each accession and recalculated per hectare. Average boll
weight was assessed using representative mature bolls
collected from plants of each genotype. Fibre yield and fibre
length were determined using laboratory methods applied for
cotton fibre quality evaluation.

The obtained data were statistically analysed using analysis
of variance (ANOVA) to determine the variability among
cotton accessions. The significance of differences between
genotypes was evaluated using the least significant difference
(LSD) test at a 5% probability level. The results obtained from
phenotypic evaluation were used to identify promising local
and foreign germplasm sources with high productivity, fibre
quality, and adaptability potential for further breeding
programmes.

Statistical analysis was performed separately for each
economically valuable trait using ANOVA. The significance
of differences among genotypes was evaluated at the 5%
probability level using the LSD test calculated independently
for each trait. Trait-specific LSD values were determined for
days from sowing to 50% maturity, seed cotton yield, average
boll weight, fibre yield, and fibre length, considering their
different measurement scales and experimental variability.
The calculations were performed using Statistica software
(version 12.0).

The study examined the main methods of collecting cotton
genetic resources, particularly those aimed at identifying and
preserving local genotypes and breeding materials adapted to
specific agro-climatic conditions. The approaches considered
include conducting expeditions to different agroclimatic zones
to identify varieties with high resistance to stress factors such
as drought, high temperatures, and soil salinity. The use of
genetic banks and research institutions to preserve and access
unique samples for further selection was also explored.

The conservation and rational use of local cotton varieties,
which have demonstrated high adaptability to the specific
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agricultural-ecological conditions of southern Kazakhstan,
such as high soil salinity and insufficient moisture, was also
emphasised.

The characteristics of local cotton genotypes demonstrating
high adaptability to the specific environmental conditions of
southern Kazakhstan (Turkestan region) (M-4018, M-5080,
M-4015, M-4006, M-4012 and M-4019) were studied in detail.
Their genetic potential for integration into selection
programmes was assessed.

The standard variety M-4005 was used as a reference
genotype in different comparative evaluations of cotton
germplasm. These experiments involved different sets of plant
materials and trial conditions. Accordingly, the measurements
for M-4005 were treated as experiment-specific reference
values, and comparisons were made within each experiment
rather than across experiments.

3. RESULTS

3.1 Genetic diversity as a basis for adaptation and
improvement of cotton varieties

The phenotypic diversity of cotton (Gossypium spp.)
reflects the variation in morphological, agronomic, and
economically valuable traits among varieties and breeding
lines. This diversity is the basis for the improvement and
adaptation of cotton to different agricultural-climatic
conditions and is a necessary element for the sustainable
production of high-quality products on the global market.

Genetic diversity not only provides resistance to various
adverse conditions but also increases yields and plant
resilience to biotic (diseases, pests) and abiotic (climate
change, drought) stresses [14-16]. Rising global temperatures,
changing precipitation patterns, and an increase in the
frequency of droughts are real challenges faced by cotton
growers. To maintain cotton productivity under changing
climate conditions, genetic diversity represents an
indispensable resource for developing improved genotypes
with enhanced resistance to environmental stresses.

The diversity of genetic characteristics of cotton is largely
due to the large number of species, subspecies, and variants
that exist in the natural environment. Four species are the most
common: Gossypium hirsutum (American cotton), Gossypium
barbadense (Peruvian cotton), Gossypium arboreum (Indian
cotton), and Gossypium herbaceum (African cotton). Each has
unique properties that are used in selection to create varieties
with high productivity and improved characteristics.

Genetic diversity is a key factor in selection programmes
[17, 18]. The artificial or natural crossing of different varieties
and species allows for the combination of positive
characteristics, which in turn leads to the development of new
varieties with optimal parameters for specific growing
conditions. An in-depth study of genetic characteristics
assessed the diversity of cotton at the molecular level.
Advances in molecular biology and genetics identified
numerous genes responsible for important traits such as yield,
disease, and stress resistance, allowing for more targeted
selection methods.

One of the main factors determining the success of cotton
selection is the use of genetic traits that ensure high
productivity while adapting to different climatic conditions
[19-21]. In particular, the beneficial properties of resistance to



drought, high temperatures, and tolerance to diseases and pests
are largely dependent on genetic variation in plants.

To increase the drought tolerance of cotton, for example,
genes are used to ensure more efficient use of water at the
cellular level or the ability of the plant to store moisture in the
roots. Disease-resistant varieties include genes that provide a
higher level of natural resistance, which can block pathogens
or reduce their negative impact [22-24]. Given the wide
variety in fibre colour and quality, it is necessary to use cotton
varieties with optimal properties for textiles. As an example,
most varieties of Gossypium barbadense have high-quality
fibres that are suitable for producing luxury fabrics.

The availability of cotton genetic diversity is directly related
to the successful development of improved genotypes and
breeding materials that meet the requirements of modern agro-
industries. Technologies such as genome editing and genetic
engineering are significantly speeding up the process of
developing varieties with the required characteristics. The
latest biotechnological developments make it possible to
introduce new genes to improve characteristics such as the
length of the growing season, resistance to pathogens, and
adaptation to higher temperatures and reduced water use.

3.2 The main economically valuable traits as components
of genetic diversity

Economically valuable traits of cotton are an integral part
of its genetic diversity. These characteristics are not only
economically significant but also serve as indicators of the
genetic potential of cotton genotypes and breeding materials
that can be used in further selection programmes. These traits
include yield, average boll weight, fibre yield, fibre length, and
growing season. The analysis of economically valuable traits
was used to assess phenotypic diversity and agronomic
variability among local and foreign varieties and to identify
samples with high selection potential (Figure 3).
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Figure 3. Distribution of key agronomic traits

Cotton materials maintained and evaluated within
Kazakhstan breeding programmes demonstrate a high degree
of adaptation to the agricultural-climatic conditions of the
target region, being highly beneficial as sources for selection
programmes. Data on yield, boll weight, and other parameters

of local varieties reflect their ability to deliver consistent
results in the face of regional stressors such as drought or high
humidity.

Table A1 presents the quantitative characteristics of cotton
germplasm materials maintained and evaluated within
Kazakhstan breeding programmes, which constitute a basis for
further selection research and practical application. It shows
how genetic variation affects productivity within a region. The
data demonstrate the variability of local varieties in key traits
such as average yield and fibre quality, which can be used to
form conclusions on their sustainability in the region.

Assessing the yield of local varieties against the standard
variety M-4005 (3.54 t/ha), 102 entries with higher yields were
identified in the current Table A1, showing increases of 0.3—
53.1% compared with the standard. The maximum increase of
53.1% was observed in an individual accession. In terms of
average boll weight (6.2 g for M-4005), 7 entries showed an
advantage, with values of 6.3 g, while 16 entries were at the
standard level. In terms of fibre output, 72 entries exceeded the
standard by 0.5-10.6%. Fibre length exceeded the M-4005
value (32.7 mm) in 105 entries, with increases ranging from
0.3 to 4.9%. These data demonstrate substantial variability
among the local cotton materials and their potential value for
further breeding programmes.

Foreign varieties developed in different agricultural-
climatic conditions often have unique characteristics that
complement the local gene pool. Comparison of their
characteristics with local varieties can identify both the
strengths and weaknesses of each cotton variety and determine
which genetic traits should be used to improve local varieties.

Table A2 contains an analysis of quantitative indicators of
foreign varieties, particularly those used for experimental
selection programmes that account for not only the economic
but also the adaptive qualities of plants. Studies of boll weight
demonstrated that the standard variety M-4011 had a value of
6.0 g. The remaining 39 samples had a boll weight in the range
of 4.8-5.9 g, which is lower than the standard. Fibre length
analysis showed that three introduced accessions exceeded the
standard M-4011, four accessions had fibre length values
equal to the standard, and 47 accessions showed lower values.
In terms of fibre yield, 32 samples exceeded the M-4011
standard by 0.5-8.5%, while 18 samples performed below the
standard.
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Figure 4. Correlation among agronomic and fibre traits



The study of ripening periods showed considerable
diversity among the evaluated varieties. The maturity duration
varied among the studied accessions, indicating differences in
earliness characteristics. Several genotypes demonstrated
shorter maturity periods compared with the standard variety
and may be considered promising sources for early-maturity
breeding. Other accessions belonged to mid- and late-maturing
groups, with longer maturity periods, which confirms the
possibility of selecting genotypes according to specific
climatic conditions and agricultural requirements (Figure 4).

Correlation analysis showed that maturity duration was
negatively associated with seed-cotton yield (r = -0.50),
indicating that earlier maturity may be combined with
improved productivity in selected genotypes. Fibre-related
traits demonstrated moderate positive  associations,
particularly between boll weight and fibre output (r = 0.50),
suggesting coordinated improvement of these characteristics
during selection.

In terms of yield, the samples showed competitive results,
exceeding the standard variety M-4011. The highest yields
were recorded in 9 varieties, which showed values ranging
from 3.11 to 3.46 t/ha, which are at the same level or higher
than the standard. Among the introduced materials, only
accessions that demonstrated favourable yield and fibre-
related characteristics compared with the standard variety
were considered promising for further breeding use. The
evaluation showed variability among the introduced
genotypes, allowing the selection of specific materials with
desirable combinations of productivity and fibre quality traits.

The analysis of boll weight among foreign cotton breeding
materials showed variation from 4.8 to 6.2 g. The standard
variety M-4011 had an average boll weight of 6.0 g. Several
samples, including T-34 and T-35 (6.1 and 6.2 g, respectively),
exceeded the standard value, while T-29 and T-30
demonstrated lower boll weights of 5.2 and 5.3 g, respectively.
These results indicate variability among foreign genotypes and
confirm their potential value for selecting specific
economically important traits. The study demonstrated that
most samples showed good fibre yields, exceeding the
standard by 0.5-8.5%. This confirms the effectiveness of
collecting material adapted to different agronomic conditions.

Fibre length is a critical indicator for determining the
quality of a variety. According to the research, some grades,
such as T-31, T-47, and T-63, and others, had fibre lengths of
ranging from 33.8 to 34.1 mm, which is competitive with

industry leaders such as M-4011, which has 32.5 mm. Other
grades had values that were several millimetres behind the
standard grade.

The laboratory parameters of germination energy,
germination rate, and fibre length were also analysed. The
results of these analyses showed high germination energy (89—
92%) and excellent germination (92-96%); therefore, the
samples can be further used in the selection process. Fibre
output analysis demonstrated considerable variation among
the evaluated germplasm materials. Some accessions showed
higher fibre output values than the standard, indicating their
potential value as sources of improved fibre-related traits in
breeding programmes.

The analysis of local and foreign cotton varieties
demonstrated their respective advantages and limitations. In
terms of boll weight, 7 local entries exceeded the standard M-
4005 value of 6.2 g, whereas only several foreign varieties
exceeded the corresponding M-4011 standard. Fibre output
exceeded the local standard in 72 entries, with improvements
of up to 10.6%, while 32 foreign samples exceeded the M-
4011 standard, with a maximum improvement of 8.5%.
However, fibre length in several foreign samples reached 34.1
mm, indicating the potential value of introduced germplasm as
a source of favourable fibre-quality traits.

The fibre yields significantly exceeded the standard in 72
local samples (up to 10.6%), while among foreign varieties
only 32 samples showed similar results, with a maximum of
8.5%. However, the fibre length in foreign samples in several
cases exceeded that of the local varieties, reaching 34.1 mm
compared to 32.7 mm in the local standard. This indicates the
potential of foreign samples to provide high-quality fibre,
although they are inferior in terms of yield stability.

Both groups of varieties demonstrated competitiveness in
terms of yields, exceeding the standards of their respective
groups. The maximum yield increase reached 53.1% above the
standard for local varieties and up to 3.46 t/ha for foreign
varieties. Thus, local genotypes demonstrated higher
performance for several evaluated traits under the studied
conditions.

The combination of local and foreign genotypes in selection
programmes creates opportunities for developing improved
cotton materials that meet the requirements of sustainable
agriculture. Thus, the study of economically valuable traits not
only reveals the genetic diversity of cotton but also lays the
groundwork for future research and practical application.

Table 1. Agronomic and fibre quality characteristics of selected cotton genotypes

Rank Genotype Yield Improvement vs. Boll Fibre Fibre Length  Statistical Significance (LSD
YP€  (t/ha) Control (%) Weight (g)  Output (%) (mm) Test, p < 0.05)
1 M-5080 520 125.6 6.0 39.1 328 Significantly higher than
standard (*)
2 M-4018 4.74 +14.5 6.1 387 334 Significantly higher than
standard (*)
Significantly higher for yield
3 M-4015 4.70 +13.5 6.1 40.1 33.2 and fibre output (*)
4 M-4006 4.50 187 59 39.4 337 Slgnlﬁcantly.hlgher for fibre
traits (*)
5 M-4012 4.65 1123 6.2 395 335 Slgmﬁcantly' superior for boll
weight (¥)
6 M-4019 4.30 3.9 6.2 40.4 334 Significantly higher for fibre
output (*)

Note: Statistical significance was evaluated using the least significant difference (LSD) test at p < 0.05. Genotypes marked with (*) showed significant
superiority compared with the corresponding standard variety.
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Based on the comparative evaluation of economically
valuable traits, the highest-performing cotton genotypes were
ranked according to their combined breeding value. The
ranking considered maturity duration, seed-cotton yield, boll
weight, fibre output and fibre length, together with the
percentage improvement compared with the standard variety
(Table 1).

To further evaluate the overall phenotypic structure of the
studied cotton germplasm, principal component analysis
(PCA) combined with k-means clustering was performed
using five standardised agronomic and fibre traits. The first
two principal components explained 69.9% of the total
variation, allowing differentiation of accessions according to
their combined productivity, maturity and fibre quality
profiles (Figure 5).

Seed-cotton yield (t/ha)

Cluster (shape)
O Cluster1
B Cluster 2
A Cluster3

=] -
n L

PC2 (22.4% variance)

-2

PC1 (47.5% variance)

Figure 5. Principal component analysis (PCA) with k-means
clustering

Multivariate analysis was performed using PCA based on
standardised agronomic and fibre traits. Accessions were
additionally grouped using k-means clustering (k = 3) to
identify phenotypic similarity patterns among genotypes.

3.3 The process of collecting cotton genetic resources and
using donor varieties

The main approaches to collecting cotton genetic resources
are aimed at identifying and preserving local genotypes and
breeding materials that are well adapted to specific
environmental conditions. These varieties have significant
potential to improve crop characteristics, including resistance
to negative environmental factors. Local cotton varieties,
which have evolved in specific agricultural-climatic zones,
have unique adaptive properties that allow them to effectively
withstand stresses such as drought, high humidity, salinity, and
greater resistance to pests and diseases. Therefore, cotton
genetic resources are substantial for the development of new
varieties that can withstand climate change.

One of the main methods of collecting genetic resources is
through expeditions to different agricultural-climatic zones.
These studies can systematically explore areas that may
contain potentially valuable varieties adapted to local
conditions. During the expeditions, samples are selected that
demonstrate high levels of resistance to climatic and
agricultural-cultural stresses, including drought and high
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temperatures. Varieties that can grow well on saline soils are
also important, as trends in the agricultural sector lead to
changes in the chemical composition of soils. In addition,
genetic resources are also collected through genetic banks and
other institutions that preserve unique samples and provide
access to them for further use in selection programmes.

The collected samples were evaluated both in the field and
in the laboratory. In field trials, a variety of cotton genotypes
are grown to obtain data on their productivity, resistance to
stress and fibre quality [25]. An important aspect is the
evaluation of boll weight, which is one of the indicators of
plant yield. Various growing conditions are tested, such as
water shortages or high temperatures, to assess how certain
varieties adapt to such stressors. Productivity was also
measured in terms of boll count and boll weight, which gives
a clear indication of the efficiency of a particular variety. To
assess fibre quality, the most important criteria are length,
yield and strength. The qualitative characteristics of fibre
directly affect its use in the textile industry; therefore this
parameter is key when selecting varieties for further use in
agricultural production. In particular, the length of the fibre
and its yield can determine the level of productivity of the
sample.

Approaches to selecting harvested cotton genetic resources
for further work are expanding the possibilities of traditional
methods due to the development of molecular genetics,
bioinformatics and high-throughput genotyping technologies.
Marker-assisted selection enables precise identification of key
genetic loci responsible for important economic traits such as
stress resistance, productivity or fibre quality, which
significantly increases the efficiency and speed of selection
programmes. CRISPR/Cas9 technology enables precise
genome editing, enabling the development of new promising
cotton lines with increased resistance to adverse conditions,
improved fibre quality or other specified traits. Next-
generation sequencing provides access to in-depth genome
analysis, identifying rare genetic variants and unique
mutations that are important for developing varieties that can
be successfully grown in different agricultural-climatic
conditions.

The integrated use of these approaches contributes to the
development of new cotton varieties that meet the
requirements of agriculture: increased productivity, optimum
fibre quality, high resistance to biotic and abiotic stresses, and
environmental sustainability. This symbiosis of traditional and
new methods was used to accelerate the development of the
industry and maintain a high level of genetic diversity
necessary to preserve the crop's adaptive potential in the face
of global climate change.

The use of donor varieties for major economic traits: a brief
overview of the most productive varieties. In cotton selection
practice, donor varieties with significant economically
valuable traits are the basis for improving such characteristics
as yield, fibre quality, resistance to diseases, pests and stress
conditions, as well as adaptation to different climatic
conditions. The selection of donor varieties is aimed at
creating new varieties with improved productive
characteristics that reflect current requirements for sustainable
agriculture.

In the process of studying cotton collection genetic
resources, six donor genotypes were selected for use in
selection programmes: M-4018, M-5080, M-4015, M-4006,
M-4012, and M-4019 (Table 2). The selection of these
varieties is based on their high performance in terms of key



economically valuable traits, such as adaptation to growing
conditions, soil salinity, early maturity, disease and pest
resistance, drought tolerance, productivity, and fibre quality.
These varieties show excellent results in terms of the number

of bolls per bush, weight per boll, weight per 1000 seeds,
length and fibre yield, making them important candidates for
the selection process in the Turkestan region.

Table 2. Donor varieties of the main economically valuable traits

. M- M- M- M- M- M-
Trait M-4005 4018 5080 4015 4006 4012 4019 'SP (®=009)
Country KAZ KAZ KAZ KAZ KAZ KAZ KAZ -
Days from sowing to 50% maturity 122 120 115 110 118 120 122 2.5
Difference from standard (days) 0 -2 -7 -12 -4 -2 0 -
Yield (t/ha) 4.14 4.74 5.20 4.70 4.50 4.65 4.30 0.25
Relative to standard (%) 100 1145 1256 1135 1087 1123 1039 -
Mean boll weight (g) 5.9 6.1 6.0 6.1 5.9 6.2 6.2 0.3
Relative to standard (%) 100 103.4 101.7 103.4 100.0 105.1 105.1 -
Lint percentage (%) 37.7 38.7 39.1 40.1 394 395 40.4 1.2
Relative to standard (%) 100 102.7 103.7 106.4 104.5 104.8 107.2 -
Fibre length (mm) 333 33.4 32.8 33.2 33.7 335 334 0.8
Relative to standard (%) 100 100.3 98.5 99.7 101.2  100.6  100.3 —

Note: Least significant difference (LSD) values for each evaluated trait are presented in the last column and were calculated at p < 0.05. Values in the “Relative to
standard (%)” rows are expressed relative to M-4005, which was set at 100%.
Source: compiled by the authors.

The selected donor varieties, including M-4018, M-5080,
M-4015, M-4006, M-4012, and M-4019, are the main
materials for further selection in the Turkestan region. Due to
their proven characteristics, these varieties significantly
increase the possibilities of selection programmes and
contribute to the development of new high-yielding varieties
with improved fibre quality, stress tolerance and yield.

These varieties have already proven to be resistant in the
field and have performed well in selection tests, making them
strong candidates for use in the development of future cotton
genotypes for different agricultural-climatic zones.

3.4 Methods of storing cotton genetic resources

The conservation of cotton genetic resources is a critical
step in ensuring the sustainability of the selection process and
maintaining biodiversity, especially when developing new
varieties with high economic value traits such as yield, fibre
quality, resistance to stress factors, and adaptation to different
climatic conditions.

The following main methods are used for storage. Seed
conservation is the main method of long-term storage of seeds
at low temperatures (from -18 °C to -20 °C) in specialised
storage facilities. This ensures that seeds remain viable for
decades, minimising the loss of genetic potential. The method
requires moisture and temperature control, as high humidity or
high temperatures can reduce the shelf life of seeds.

Seed storage in genetic resource banks involves
cryptobiosis-like seed storage, where seeds are “frozen” in dry
and refrigerated conditions. Some international seed banking
systems, such as the Food and Agriculture Organisation [13]
and International Atomic Energy Agency [26], specialise in
long-term storage, contributing to the conservation of
important cotton varieties with environmental and economic
benefits for specific geographical regions.

Conservation of biological materials (vegetative methods)
is used for varieties that are difficult to store as seeds (e.g., due
to low germination), and organic culture methods are used:
conservation through cuttings, microclonal propagation, or
biotechnological cloning (in vitro), which guarantees that the
genetic characteristics of plants remain unchanged over the
years.
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As one of the most important tasks is to maintain valuable
genetic characteristics (such as early maturity, drought and
disease resistance, and fibre length and quality), there are
several important aspects of storage. The use of molecular
markers (e.g., microsatellites and single-nucleotide
polymorphism markers) allows for the timely detection of
genetic changes in stored samples. Tracking such markers
preserves not only phenotypic traits but also identifies
important genetic loci responsible for disease or drought
resistance.

Biochemical and physiological monitoring is conducted to
control the quality of fibre and other biological materials.
These indicators include chlorophyll level, fibre content, and
fibre tissue characteristics, which assess the preservation of
original biological qualities even after long-term storage.

Temperature and humidity conditions are substantial factors
for maintaining growth intensity and preserving
environmental sustainability, which is realised through
optimising the temperature regime. For this purpose, optimal
temperature regimes are used for conservation through
hibernation methods or based on the principles of variation

physiology.

3.5 Assessment of the durability and sustainability of
genetic resources

When assessing the durability and storage stability of cotton
genetic resources, disease and pest resistance is an important
factor. One of the main diseases that reduces cotton yields is
wilt, which can negatively affect plant health. Previous studies
have reported resistance-related characteristics of some cotton
genotypes, including M-4018; however, disease resistance
was not directly evaluated in the present study. Compared to
controls such as Bereke-07, M-4018 shows high promise for
use in selection programmes where maintaining resistance to
such diseases is critical to maintaining productivity.

Another important aspect of the durability assessment is to
check the performance and quality of the fibre. For this
purpose, tests are regularly conducted on the amount of fibre
produced, and characteristics such as boll weight and fibre
length are analysed. For long-term storage and use, varieties
that show stability in these characteristics are more promising.



For instance, varieties M-5080 and M-4019 showed high
results — up to 5.2 t/ha of yield and 40.4% fibre yield. These
results indicate favourable agronomic performance under the
evaluated field conditions but do not establish long-term
storage stability or the maintenance of fibre quality after
storage.

Assessment of the adaptation of varieties to stressful
conditions is equally important. In the context of climate
change and soil salinity, it is necessary to consider how
varieties withstand stresses such as drought or salinity.
Determining the severity of stress responses helps to
understand how resistant plants are to yield reductions under
adverse conditions. Evaluation based on phenotypic criteria
helps to preserve the potential of whole populations of
varieties that can adapt to different environmental conditions
and ensure stable productivity even in the presence of
stressors. These studies are an important step in selecting
varieties that are most resistant to external factors.

Effective storage of cotton genetic resources requires
careful attention to every aspect of storage, from
environmental conditions to regular monitoring of molecular
and phenotypic characteristics. Factoring in these factors
ensures a long-term perspective for selection processes,
contributing to the development of new varieties that meet the
requirements of sustainable agriculture.

In sustainable agriculture, the use of cotton varieties is key
to ensuring consistent and high yields with minimal
environmental interventions. The choice of varieties depends
on agricultural-climatic conditions such as temperature,
humidity, soil composition, and stress factors such as drought
or salinity. For instance, the M-4018 variety, which is adapted
to dry conditions, has demonstrated a high level of
productivity, maintaining yields of 4.74 t/ha with fibre yields
of up to 38.7%. This adaptability to specific climatic
conditions indicates the potential value of M-4018 for
cultivation in regions with limited water availability, which
should be further evaluated under controlled water-stress
conditions. M-5080 and M-4019 demonstrated favourable
fibre characteristics under the evaluated field conditions and
may represent promising materials for further testing under
water-limited environments.

3.6 Using cotton genotypes for sustainable agriculture

In sustainable agriculture, the use of cotton varieties is the
basis for achieving stable and high yields with minimal
environmental interventions. The choice of varieties depends
not only on general agricultural-climatic conditions, such as
temperature, humidity, and soil composition, but also on
specific stressors that can significantly affect the yield, such as
drought, salinity, and other environmental stressors. For
regions with an arid climate, M-4018 represents a promising
genotype for further evaluation due to its favourable yield
performance under the studied conditions. Its response to
different irrigation regimes requires additional investigation.
It has a yield of 4.74 t/ha and a fibre yield of up to 38.7%,
which is one of the highest among varieties grown in such
conditions. This makes it possible to obtain high yields with
limited use of water resources and supports environmental
sustainability in the context of climate change. The use of this
genotype may contribute to more efficient cotton production
under water-limited conditions; however, its response to
different irrigation regimes requires further evaluation.

The varieties M-5080 and M-4019 are also important
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candidates for cultivation in conditions where water
availability is limited. Both varieties have a high fibre yield
(up to 40.4%), even under conditions of insufficient moisture,
making them promising materials for further evaluation under
water-limited conditions. For example, M-5080, in addition to
its high fibre yield, can adapt to a changing climate, which
reduces the impact of negative factors on yields. This is
especially relevant for maintaining productivity in areas where
the use of large amounts of water is impractical or physically
impossible and requires the introduction of drought-resistant
varieties that can ensure cost-effective production.

This adaptability of varieties to local agricultural-climatic
conditions not only helps to reduce the need for water
resources but also has a major impact on the sustainability of
agriculture in the face of climate change. The right choice of
cotton varieties, depending on growing conditions, can
significantly increase yields while maintaining or even
reducing the environmental impact on land and water. In
addition, it helps farmers achieve sustainability and economic
efficiency in the use of natural resources.

The integration of selected donor varieties into breeding
programmes represents an important approach for improving
fibre quality and maintaining high productivity. The
introduction of promising cotton genotypes into breeding
programmes was aimed at achieving an optimal combination
of traits, including resistance to diseases, pests and abiotic
stresses, while improving productivity under challenging
climatic conditions. Donor genotypes such as M-5080 have
demonstrated promising performance, combining high
productivity and favourable fibre characteristics. This
performance is beneficial for use in selection programmes to
create new high-intensity varieties that can meet the growing
demands of global markets.

The integration of diverse cotton genotypes into breeding
programmes is particularly relevant in regions characterised
by considerable variation in microclimatic and environmental
conditions [27-29]. Thanks to their ability to adapt to various
stressors, such as drought, high temperatures, or salinity, they
can be used to consistently grow high-quality cotton even
under adverse conditions. This is especially useful in regions
where standard varieties do not provide the desired level of
yield and resistance to environmental challenges. In addition,
the use of cotton genotypes with favourable fibre
characteristics contributes to improving fibre quality in
breeding programmes. Cotton genotypes, such as M-5080,
provide not only high yields but also improved fibre quality,
which is crucial for global cotton markets.

The integration of such cotton genotypes into breeding
programmes can provide both quantitative and qualitative
advantages in cotton production, contributing to the
sustainable development of agriculture. The use of adapted
cotton genotypes also opens new opportunities for improving
production efficiency, as materials selected for different
agricultural-climatic conditions can contribute to the
competitiveness of cotton production in the global market [30,
31].

To optimise cotton production, the characteristics that
directly determine the effectiveness of selection programmes
are substantial. The selection of varieties that can demonstrate
high performance in key agronomic parameters is the basis for
sustainable and efficient production. Some of the most
important criteria for selecting varieties are the number of days
to maturity, boll weight and fibre yield, and fibre length.

For instance, varieties M-4018 and M-4019 have high



yields of up to 4.74 t/ha and 4.30 t/ha, respectively, with boll
weights ranging from 6 to 6.2 g, which is a significant
achievement among the varieties. They provide a fibre yield
of 38.7% and 40.4% under optimal growing conditions, which
indicates high productivity and fibre quality. The number of
days to maturity is also an important factor. The M-4018 and
M-4019 varieties ripen in 120-122 days, making them ideal
for medium and late sowing in various agroclimatic zones.
This speed of maturation avoids significant losses from
diseases, pests, and adverse weather conditions, such as early
autumn frosts or excessive moisture, which can lead to a
deterioration in the quality and quantity of the crop. As a
result, it contributes to stable production that can effectively
adapt to changing climatic conditions.

Fibre yield is another important criterion in assessing the
prospects of a variety. For instance, 72 samples of local
varieties exceeded the fibre yield of the standard variety by
1.9-10.6%, which indicates the huge potential of these
varieties to improve selection characteristics due to their high
fibre yield, which has a positive impact on the technological
characteristics of cotton processing.

Fibre length is also an important characteristic, especially in
global markets. In 58 samples of local varieties, the fibre
length exceeded that of M-4005 (32.7 mm) by 0.3-4.6%,
which indicates the presence of varieties that are not only
highly productive but also have optimal quality characteristics
necessary to improve the quality of finished products. Foreign
varieties, such as T-31 and T-33 from Turkey, demonstrated
favourable yield performance, with T-33 exceeding the
standard yield value, while their fibre-related characteristics
require separate evaluation.

However, foreign varieties have significant potential for
adaptation to different climatic conditions, which allows for
an increase in the adaptive qualities of varieties in the face of
changing climatic conditions. Varieties from Turkey, such as
T-16, T-17 and T-18, are characterised by medium to late
ripening (147 to 151 days), which can be used in different
agricultural-climatic zones. This flexibility in variety selection
allows producers to adjust their sowing strategies, which is
important to minimise the risks associated with adverse
weather conditions in certain regions.

Thus, the integration of local and foreign varieties into the
updated selection programmes makes it possible to combine
the best characteristics of these varieties to increase yields,
fibre quality and adaptability to new agricultural-climatic
conditions, which in turn is important for sustainable
agricultural development and the competitiveness of cotton
products on global markets.

4. DISCUSSION

The results of the study emphasise the importance of an
integrated approach to the study of cotton genetic diversity.
The analysed methods of collecting and evaluating cotton
genotypes determined the prospects for improving cotton
adaptation to climate change and optimising agronomic
practices. The data obtained are consistent with the results of
Vitale et al. [32], who in their systematic review note that the
implementation of sustainable agronomic strategies can
significantly increase the productivity and environmental
sustainability of cotton production. Their study emphasises the
importance of integrating knowledge of genetic diversity into
improved crop rotations and resource management.
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The results of the study also confirm the findings of Abbas
[33], who analysed the impact of climate change on cotton
production in Pakistan. The selection of drought-adapted
genotypes may help reduce risks associated with extreme
weather conditions, although their performance under
different environmental scenarios requires further evaluation.
The current findings support this thesis, demonstrating that the
selection of resilient cotton genotypes is critical for
maintaining sustainable production in water-stressed areas.

Innovations in the use of technology are also reflected in the
studies of Chen et al. [34]. They have shown the effectiveness
of deep learning in identifying weed species in cotton growing
systems, which facilitates control of plant competition and
reduces the need for chemical protection products. This study
emphasises the need to implement such technologies in the
context of environmental sustainability. In addition, the results
of this study are consistent with the findings of Ahmad et al.
[35], who emphasise the need to optimise methods of crop
protection and post-harvest processing of cotton. Their study
emphasises the importance of finding new agronomic
solutions to ensure high product quality and competitiveness
of the industry in the global market.

A significant contribution to the understanding of
sustainable cotton production was also made by
Radhakrishnan [36], who stressed that the environmental
sustainability of this industry directly depends on the optimal
use of resources and minimisation of negative environmental
impact. The current results confirm the feasibility of applying
this approach to increase the profitability of cotton products.
At the same time, a comparison with traditional studies, such
as by Chaudhry [37], can trace a gradual transition from
traditional production methods to innovative practices. This
demonstrates the prospects of using the latest technologies in
the harvesting and processing of products.

Similar conclusions were reached by Chapagain et al. [38],
who analysed the critical role of water in the context of cotton
cultivation. Their conclusions emphasise that genetic
adaptation can reduce the water requirements of the crop,
which is relevant considering increasing climate change. This
study confirms the results, pointing to the potential for
developing varieties with increased resistance to water stress.

The study is also consistent with the research of Mollace et
al. [39], who noted that cotton production faces numerous
challenges, including climate instability, soil degradation, and
increased input costs. The comparative analysis in this study
shows that local varieties are similar to foreign varieties in
terms of their ability to withstand stressful conditions, but
local varieties have additional advantages in terms of
adaptability.

The development of models for predicting cotton growth
and yield depending on genetic and environmental factors is
becoming increasingly important. The study by Thorp et al.
[40] discussed updated approaches to modelling cotton
production processes. Their conclusions confirm that the
integration of data on the genetic structure of varieties with
simulation models allows for a more accurate prediction of the
effectiveness of agronomic measures. The results obtained are
consistent with these findings and emphasise the importance
of using models for the rational use of resources.

The analysis of sustainable cotton production practices by
Grose [41] demonstrates that the integration of biological
methods into production processes helps to reduce
environmental impact and preserve soil fertility. The data
obtained indicate that the introduction of sustainable



production practices in combination with genetic innovations
can create a significant environmental and economic effect.
Similarly, the review by Zeleke et al. [42] highlighted the
marketing aspects of cotton production in Ethiopia, which
allows for support to farmers who adopt sustainable practices.
These findings point to the need to develop strategies to
support local producers by incorporating new varieties that are
resistant to environmental change.

Bradow and Davidonis [43] quantified fibre quality and its
impact on cotton processing and ginning. The study also found
that fibre quality is significantly correlated with the genotypic
characteristics of varieties, which confirms the importance of
preserving genetic diversity. While the authors suggest the
introduction of technologies to improve processing, the
current study highlights the need to breed adaptive varieties
with high-fibre quality to reduce dependence on technological
modifications. The findings suggest that the drought tolerance
of local varieties may be key to ensuring stable yields in the
face of climate variability. The study by Bange et al. [44] on
the impact of climate change on cotton production in farming
systems conducted a detailed analysis of climate challenges,
while the current study suggests solutions in the form of
genetically adapted varieties that can reduce the impact of such
changes.

Boopathi and Hoffmann [45] highlighted the issues of
genetic diversity, erosion, and population structure in cotton
genetic resources. The study determined that local varieties,
despite their reduced productivity compared to foreign
varieties, retain important adaptive traits such as disease and
drought resistance. According to the authors, there is an urgent
need to preserve and expand the genetic base to minimise the
risks of genetic erosion, an aspect that was also supported by
the data.

The study by Campbell et al. [46] emphasised the
importance of global genetic diversity resources for
sustainable production. The study proved that local cotton
genotypes can be a promising source of genetic resources for
selection. At the same time, these results reinforce the need for
international cooperation in the exchange of genetic material.
The findings confirm the possibility of using such tools to
accelerate selection processes, which is consistent with the
study by Muminov et al. [47], which conducted a cluster
analysis of economically important traits in amphidiploid
cotton genotypes, which allowed them to reveal the potential
of new selection materials.

The results concerning the genetic diversity and potential of
local and foreign cotton varieties have shown that adaptation
to different environmental conditions is a critical factor in
ensuring the stability of yield and quality. May [48]
highlighted the genetic variation in fibre quality. The author
described in detail how genetic heterogeneity affects the
stability of this indicator. Comparison with the results obtained
shows that local varieties are characterised by lower-quality
stability, but they are more adapted to stressful conditions,
which emphasises the need to expand the genetic base through
interspecific crossing.

The methods of genetic variability analysis used by Surgun
et al. [49], in particular RAPD-PCR, have proven to be
effective for studying variations among genotypes of Turkish
cotton varieties. The current study confirms the authors'
conclusions that this method allows to identification of
genotypes with high potential, even if their characteristics look
similar. The local varieties studied in this work have several
unique genotypes with promising traits, which pave the way
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for selection progress.

A unique resource for future research is the wild gene pool,
which, according to Saleem et al. [50], is an “untouched
treasure” for selection. The inclusion of these genotypes in
selection programmes could compensate for the limitations of
local varieties in terms of drought and disease resistance. This
study also noted that certain traits specific to local varieties
could be enhanced through integration with wild genes, as
suggested by the authors. In terms of sustainable agriculture,
the study by Malik and Singh [51] emphasises the need to
conserve genetic resources to ensure sustainable production.
This approach is consistent with their findings that local cotton
varieties were found to be better adapted to local conditions,
and further improvement of these varieties could increase
productivity while reducing external costs.

Thus, the results not only complement existing research in
this area but also highlight promising areas for further
research, including the development of new varieties using
local genetic resources and the introduction of sustainable
production technologies. In summary, the study contributes to
a better understanding of the role of genetic diversity in
optimising cotton production, which is important for
maintaining global food and economic security.

5. CONCLUSIONS

The analysis of economically valuable traits of cotton
germplasm revealed significant phenotypic diversity and
agronomic potential of local and foreign varieties for further
breeding programmes. The study determined that local
varieties demonstrate high adaptation to regional agroclimatic
conditions, which is manifested in stable yields (up to 53.1%
higher than the standard), average boll weight (6.3 g), and fibre
yield (up to 10.6%). Despite less stable performance, foreign
varieties have unique characteristics, such as fibre lengths of
up to 34.1 mm and potential fibre quality that complements the
local gene pool. Particular attention was drawn to genotypes
with shorter maturity duration compared with the standard
varieties, which may represent valuable sources for early-
maturity breeding and adaptation to changing climatic
conditions. Samples that exceed the standard indicators are
recommended for inclusion in selection programmes as
valuable genetic resources for developing resistant cotton
genotypes with high fibre yield and adaptability. Comparison
of local and foreign varieties revealed the strengths and
weaknesses of each group, indicating the need for their
integration in selection.

The process of collecting cotton genetic resources is a
substantial stage of selection, as local varieties possess
adaptive traits that may contribute to improved performance
under regional environmental stresses; however, their drought
and salinity tolerance requires further experimental validation.
Resources are collected through expeditions and the use of
genetic banks, which was used to create new varieties that can
adapt to climate change. Materials are evaluated in the field
and the laboratory, with a focus on productivity and fibre
quality. The integration of molecular technologies such as
marker-assisted selection and CRISPR/Cas9 significantly
improves the efficiency of selection programmes. The
selection of donor genotypes with high yield, stress tolerance,
and improved fibre quality will provide valuable genetic
resources for the development of improved cotton materials
adapted to different agricultural-climatic conditions and



supporting the sustainable development of the agricultural
sector.

The conservation of cotton genetic resources requires the
implementation of scientifically sound methods to ensure their
stability and effective use in selection. The most common
method is seed preservation at low temperatures, which allows
for the long-term viability of varieties without significant
changes in their genetic properties. These methods can
preserve not only the basic characteristics of plants but also
important adaptive traits such as resistance to disease or
drought. Biochemical monitoring, which was used to check
the preservation of fibre quality, and molecular markers,
which help to track genetic changes in samples, also play an
important role in this.

Evaluation of productivity, resistance to stress factors, and
fibre quality was used to formulate strategies for the long-term
conservation of the gene pool. Genotypes such as M-4018 and
M-5080 demonstrated stable productivity and favourable
agronomic characteristics under the evaluated conditions,
making them promising materials for further breeding
programmes. Adapting varieties to different climatic
conditions is an important step to ensure sustainable cotton
production in a changing climate.

A limitation of the study is the insufficient exploration of
the interaction between genetic traits and environmental
factors in the long term, which creates challenges for
predicting the effectiveness of introduced varieties in different
conditions. Prospects for further research include clarifying
the mechanisms of interaction between different genetic traits
under changing climate conditions, as well as long-term
monitoring of the effects of modern molecular methods on the
stability and productivity of cotton genotypes under field
conditions.
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APPENDIX

Table Al. Indicators of economically valuable traits of local cotton selection material

Number of Days from

Average Weight

. o . . .
Sowing t0.50 %o Yields (t/ha) of One Box Output Fibres Length Fibres
Country Maturity
Variety . . Relative to Relative to Relative to Relative to Relative to
of Origin
Value the t/ha the the o the mm the
u Standard Standard Standard ¢ Standard Standard
(%) (%) (%) (%) (%)
M-4005 KAZ 129 100 3.54 100 6.2 100 37.8 100 32.7 100
M-4014 KAZ 131 101.6 4.46 126 5.8 93.5 35 92.6 30.2 92.4
401\1/[‘;_1 KAZ 137 106.2 3.71 104.8 6.2 100 34.8 92.1 29.8 91.1
M-
40142 KAZ 133 103.1 3.96 111.9 6.3 101.6 35.6 94.2 32.1 98.2
401\14‘;_3 KAZ 131 101.6 4.41 124.6 6.1 98.4 38.5 101.9 32.6 99.7
M-
4014-4 KAZ 135 104.7 345 97.5 5.8 93.5 343 90.7 304 93
401\1/[‘;_5 KAZ 138 107 3.88 109.6 5.8 93.5 39.1 103.4 32.8 100.3
401\1/14;-6 KAZ 137 106.2 4.15 117.2 5.9 95.2 34.6 91.5 29.4 89.9
M-
4014-7 KAZ 134 103.9 33 93.2 6.1 98.4 351 92.9 314 96
M- KAZ 136 105.4 3.62 102.3 6 96.8 343 90.7 324 99.1
4014-8
401\1/[‘;_9 KAZ 140 108.5 3.56 100.6 6.2 100 354 93.7 30.9 94.5
M-
4014-10 KAZ 139 107.8 3.86 109 5.9 95.2 355 93.9 32.8 100.3
4011\2__11 KAZ 142 110.1 3.9 110.2 6.1 98.4 373 98.7 332 101.5
M-4040 KAZ 146 113.2 4.21 118.9 6.1 98.4 351 92.9 333 101.8
4012/[(;_1 KAZ 153 118.6 3.88 109.6 5.9 95.2 35.6 94.2 332 101.5
M-
40402 KAZ 142 110.1 3.6 101.7 6 96.8 351 92.9 335 102.4
M-
4040-3 KAZ 143 110.9 3.96 111.9 5.7 91.9 347 91.8 333 101.8
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M-
4040-4
M-
4040-5
M-
4040-6
M-
4040-7
M-
4040-8
M-
4040-9
M-
4040-10
M-4027
M-
4027-1
M-
4027-2
M-
4027-3
M-
4027-4
M-4055
M-
4055-1
M-
4055-2
M-
4055-3
M-
4055-4
M-
4055-5
M-
4055-6
M-
4055-7
M-4035
M-
4035-1
M-
4035-2
M-
4035-3
M-
4035-4
M-
4035-5
M-
4035-6
M-
4035-7
M-
4035-8
M-
4035-9
M-4016
M-
4016-1
M-
4016-2
M-
4016-3
M-
4016-4
M-
4016-5
M-
4016-6

143

146

141

143

145

139

140
146
143

139

146

139
122
118

125

121

125

119

128

120
122
123

124

125

121

120

127

125

121

124
121
123

126

125

126

127

124

110.9

113.2

109.3

110.9

112.4

107.8

108.5
113.2
110.9

107.8

113.2

107.8
94.6
91.5

96.9

93.8

96.9

922

99.2

93
94.6
953

96.1

96.9

93.8

93

98.4

96.9

93.8

96.1
93.8
953

91.7

96.9

91.7

98.4

96.1

4.56

3.45

3.83

3.61

4.05

3.41

4.68
3.7
3.9

4.7

3.99

3.81
2.79
4.65

3.88

3.59

4.65

3.75

3.72

3.24
1.84
3.11

4.41

4.62

3.71

3.92

3.88

348

4.39

4.84
5.15
3.15

3.66

4.28

4.56

2.46

4.12

128.8

97.5

108.2

102

114.4

96.3

132.2
104.5
110.2

132.8

112.7

107.6
78.8
131.4

109.6

101.4

131.4

105.9

105.1

91.5
52.0
87.9

124.6

130.5

104.8

110.7

109.6

98.3

124

136.7
145.5
&9

103.4

120.9

128.8

69.5

116.4

5.9

5.5

5.7

5.7

5.9

5.7

5.6
53
5.9

5.6

6.2
6.3
6.2

6.1

6.2

6.1

6.1

6.1
6.2

6.1

6.1

6.1

6.1

6.3

6.1

6.3
6.1
6.2

6.2

6.1

6.2

6.2

95.2

88.7

91.9

91.9

95.2

91.9

90.3
85.5
95.2

90.3

96.8

100
101.6
100

98.4

100

98.4

98.4

96.8

96.8
98.4
100

98.4

98.4

98.4

96.8

98.4

101.6

98.4

101.6
98.4
100

96.8

100

98.4

100

100

338

33.6

342

33.8

345

33

33.6
33.7
339

33.7

35

373
40.1
39.9

39.7

39.6

394

40.2

39.7

40.2
414
40.5

40.6

40

39.8

39.6

41.3

395

39.1

40.3
40
40

39.2

39.9

40.3

39.8

39.1

89.4

88.9

90.5

89.4

913

87.3

88.9
89.2
89.7

89.2

92.6

98.7
106.1
105.6

105

104.8

104.2

106.3

105

106.3
109.5
107.1

107.4

105.8

105.3

104.8

109.3

104.5

103.4

106.6
105.8
105.8

103.7

105.6

106.6

105.3

103.4

32.1

333

335

333

33.7

332

334
333
332

333

335

33.8
33.9
34

33.8

332

332

334

33.1

335
33.9
332

33.1

334

33.6

33.8

33.1

33.6

33.7

33.6
33.8
332

334

34.1

334

332

33.8

98.2

101.8

102.4

101.8

103.1

101.5

102.1
101.8
101.5

101.8

102.4

103.4
103.7
104

103.4

101.5

101.5

102.1

101.2

102.4
103.7
101.5

101.2

102.1

102.8

103.4

101.2

102.8

103.1

102.8
103.4
101.5

102.1

104.3

102.1

101.5

103.4
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M-
4016-7
M-
4016-8
M-4013
M-
4013-1
M-
4013-2
M-
4013-3
M-
4013-4
M-
4013-5
M-
4013-6
M-
4013-7
M-
4013-8
M-
4013-9
M-
4013-10
M-4042
M-
4042-1
M-
4042-2
M-
4042-3
M-
4042-4
M-
4042-5
M-4045
M-
4045-1
M-
4045-2
M-
4045-3
M-
4045-4
M-
4045-5
M-
4045-6
M-4053
M-
4053-1
M-
4053-2
M-
4053-3
M-
4053-4
M-
4053-5
M-
4053-6
M-
4053-7
M-
4045-7
M-
4045-8
M-
4045-9

127

129
122
126

124

126

128

124

125

128

127

128

129
130
133

132

129

131

135
134
137

141

148

137

138

138
141
136

138

140

134

135

141

138

134

141

134

98.4

100
94.6
91.7

96.1

91.7

99.2

96.1

96.9

99.2

98.4

99.2

100
100.8
103.1

102.3

100

101.6

104.7
103.9
106.2

109.3

114.7

106.2

107

107
109.3
105.4

107

108.5

103.9

104.7

109.3

107

103.9

109.3

103.9

3.64

4.12
3.88
4.23

3.28

4.56

43

44

3.7

4.1

4.1

3.39

4.81
3.72
4.15

442

3.57

3.89

3.83
4.13
4.17

4.48

4.15

3.87

4.23

4.83
3.72
4.1

3.88

4.32

3.68

4.95

3.97

4.17

4.97

4.26

4.08

102.8

116.4
109.6
119.5

92.7

128.8

121.5

124.3

104.5

115.8

115.8

95.8

135.9
105.1
117.2

124.9

100.8

109.9

108.2
116.7
117.8

126.6

117.2

109.3

119.5

136.4
105.1
115.8

109.6

122

104

139.8

112.1

117.8

140.4

120.3

115.3

6.2

6.3
6.3
6.2

6.2

6.3

6.2

6.2

6.1

6.2

6.1
5.6
5.6

5.7

5.9

5.8

5.7
5.9

5.9

5.7

5.8

5.5

5.7
53
5.5

5.5

5.7

5.5

54

5.1

5.7

54

5.8

100

101.6
101.6
100

100

101.6

100

100

96.8

98.4

96.8

100

98.4
90.3
90.3

91.9

95.2

93.5

96.8
91.9
95.2

95.2

91.9

93.5

88.7

91.9
85.5
88.7

88.7

91.9

88.7

87.1

82.3

91.9

87.1

93.5

96.8

40

40.1
40.7
38

39.6

39.2

38.9

40.2

414

40.5

40.6

40

39.8
34.7
395

35

355

34.7

35.8
359
37.7

355

36

355

35.1

342
34
346

342

349

334

34

34.1

343

34.1

354

37.7

105.8

106.1
107.7
100.5

104.8

103.7

102.9

106.3

109.5

107.1

107.4

105.8

105.3
91.8
104.5

92.6

93.9

91.8

94.7
95
99.7

93.9

95.2

93.9

929

90.5
89.9
91.5

90.5

923

88.4

89.9

90.2

90.7

90.2

93.7

99.7

335

333
33
335

334

333

332

33.1

33.6

33.7

33.6

33.8

332
30.6
33

29.6

31.6

32.6

31.1
33
334

335

334

33.7

335

323
335
33.7

335

33.9

334

33.6

335

334

335

33.7

34

102.4

101.8
100.9
102.4

102.1

101.8

101.5

101.2

102.8

103.1

102.8

103.4

101.5
93.6
100.9

90.5

96.6

99.7

95.1
100.9
102.1

102.4

102.1

103.1

102.4

98.8
102.4
103.1

102.4

103.7

102.1

102.8

102.4

102.1

102.4

103.1

104
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M-

4045-10 KAZ 117 90.7 3.06 86.4 6.1 98.4 40.5 107.1 34.1 104.3
402/;'_11 KAZ 113 87.6 4.92 139 6 96.8 403 106.6 342 104.6
402/;'_12 KAZ 120 93 4.15 117.2 59 95.2 40.1 106.1 34 104
4022__13 KAZ 116 89.9 3.86 109 6 96.8 40 105.8 334 102.1
402/;-_14 KAZ 120 93 4.92 139 5.9 95.2 39.8 105.3 334 102.1
40‘1:/;__15 KAZ 114 88.4 4.02 113.6 5.9 95.2 40.6 107.4 33.6 102.8
4041:/;_-16 KAZ 123 953 3.99 112.7 5.8 93.5 40.1 106.1 333 101.8
402/;__17 KAZ 115 89.1 3.51 99.2 5.8 93.5 40.6 107.4 33.7 103.1
401\5/13--8 KAZ 117 90.7 2.11 59.6 5.9 95.2 41.8 110.6 34.1 104.3
401\5/13-_9 KAZ 118 91.5 3.38 95.5 6 96.8 40.9 108.2 334 102.1
4015\/;_10 KAZ 119 922 4.68 132.2 5.9 95.2 41 108.5 333 101.8
4015\/;_11 KAZ 120 93 4.89 138.1 5.9 95.2 40.4 106.9 33.6 102.8
402§-_12 KAZ 116 89.9 3.98 112.4 5.9 95.2 40.2 106.3 33.8 103.4
402/;-_13 KAZ 115 89.1 4.19 118.4 5.8 93.5 40 105.8 34 104
4013\/;__10 KAZ 122 94.6 4.15 117.2 5.9 95.2 41.7 110.3 333 101.8
4031,\/;__11 KAZ 120 93 3.75 105.9 6.1 98.4 39.9 105.6 33.8 103.4
4022-_12 KAZ 116 89.9 4.66 131.6 5.9 95.2 39.5 104.5 339 103.7
4022-_13 KAZ 119 922 5.11 144.4 6.1 98.4 40.7 107.7 33.8 103.4
4013\/;__14 KAZ 116 89.9 5.42 153.1 5.9 95.2 40.4 106.9 34 104
4013\/;__15 KAZ 118 91.5 3.42 96.6 6 96.8 40.4 106.9 334 102.1
402/;-16 KAZ 121 93.8 3.93 111 5.8 93.5 39.6 104.8 33.6 102.8
4()2/;-_17 KAZ 120 93 4.55 128.5 6 96.8 40.3 106.6 343 104.9
4013\/;'_18 KAZ 121 93.8 4.83 136.4 5.9 95.2 40.7 107.7 33.6 102.8
M-4088 KAZ 122 94.6 2.73 77.1 6 96.8 40.2 106.3 334 102.1
401:;[2;_1 KAZ 119 922 4.39 124 6 96.8 39.5 104.5 34 104
401\;22_2 KAZ 122 94.6 3.91 110.5 6 96.8 40.4 106.9 33.7 103.1
401\8/15;-3 KAZ 124 96.1 4.39 124 6.1 98.4 40.5 107.1 335 102.4
401;;45;_4 KAZ 117 90.7 4.15 117.2 6.1 98.4 41.1 108.7 332 101.5
401\845;_5 KAZ 121 93.8 45 127.1 6 96.8 384 101.6 337 103.1
401\;22-6 KAZ 119 922 3.55 100.3 6 96.8 40 105.8 33.6 102.8
401\8/15;—7 KAZ 121 93.8 4.83 136 6.1 98.4 39.6 104.8 32.8 100.3
Table A2. Agronomic and fibre traits of foreign cotton breeding material and the standard cultivar M-4011
vy ey Do SO vid e Weign fomae 0 Some  Fbre  SORS
Origin (@ Standard (t/ha) Standard of One Standard (%) Standard (mm) Standard
(4 (%) Box (g) (2 (%) (%)
M-4011 KAZ 129 0 3.11 100 6.0 0 37.8 100 33.7 100
T-16 TUR 147 18 3.04 97.7 5.5 -0.5 39.4 104.2 323 95.8
T-17 TUR 151 22 2.96 95.2 5.4 -0.6 39.2 103.7 325 96.4
T-18 TUR 149 20 2.84 91.3 53 -0.7 39.2 103.7 323 95.8
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T-25
T-26
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145
146
151
148
150
142
131
130
133
137
134
136
150
153
150
149
151
154
150
153
146
152
155
155
147
148
154
151
152
144
150
153
152
149
149
155
151
154
144
152
154
151
149
149
155
152
153

233
2.37
2.15
1.93
2.36
2.47
233
2.46
2.24
2.87
225
243
3.46
323
3.38
2.72
2.85
2.80
2.52
2.84
2.94
2.71
3.05
2.85
3.29
2.96
325
332
323
3.10
2.60
2.65
2.44
2.17
2.61
2.73
2.54
2.68
2.47
3.11
2.50
2.69
291
2.71
3.37
2.77
2.97

74.9
76.2
69.1
62.1
75.9
79.4
74.9
79.1
72.0
923
72.3
78.1
1113
103.9
108.7
87.5
91.6
90.0
81.0
91.3
94.5
87.1
98.1
91.6
105.8
95.2
104.5
106.8
103.9
99.7
83.6
85.2
78.5
69.8
83.9
87.8
81.7
86.2
79.4
100
80.4
86.5
93.6
87.1
108.4
89.1
95.5

-0.4

-0.2

38.9
38.7
39.5
39.0
39.5
40.7
35.8
35.9
35.7
345
35.0
355
38.0
39.6
394
39.4
39.1
38.9
39.7
39.2
39.7
40.9
36.0
36.1
35.9
34.7
352
35.7
38.1
39.7
39.5
39.5
39.2
39.0
39.8
393
39.8
41.0
36.1
36.2
36.0
34.8
353
35.8
383
38.1
39.7

102.9
102.4
104.5
103.2
104.5
107.7
94.7
95.0
94.4
91.3
92.6
93.9
100.5
104.8
104.2
104.2
103.4
102.9
105.0
103.7
105.0
108.2
95.2
95.5
95.0
91.8
93.1
94.4
100.8
105.0
104.5
104.5
103.7
103.2
105.3
104.0
105.3
108.5
95.5
95.8
95.2
92.1
93.4
94.7
101.3
100.8
105.0

31.9
30.6
31.7
32.1
32.7
329
31.8
32.0
30.7
31.8
32.0
32.8
33.8
324
32.6
324
32.0
30.7
31.8
322
32.8
33.0
31.9
32.1
30.8
31.9
32.1
32.9
34.0
32.6
32.8
32.6
322
30.9
32.0
324
33.0
332
32.1
323
31.0
32.1
323
33.1
34.1
32.7
32.9

94.7
90.8
94.1
95.3
97.0
97.6
94.4
95.0
91.1
94.4
95.0
913
100.3
96.1
96.7
96.1
95.0
91.1
94.4
95.5
913
97.9
94.7
95.3
91.4
94.7
953
97.6
100.9
96.7
913
96.7
95.5
91.7
95.0
96.1
9719
98.5
953
95.8
92.0
95.3
95.8
98.2
101.2
97.0
97.6
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