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Abstract:

Cotton is an important crop for the economy and textile sector in arid and semi-arid
areas. This study evaluates the physical and chemical quality of cotton fibers grown in
the ElI Meita region of Khenchela, Algeria, focusing on fiber fineness, length, and
strength, as well as chemical analysis of the soil and fibers using Fourier transform
infrared spectroscopy (FTIR). Samples taken from several experimental plants showed
notable variability in fiber quality, highlighting the impact of local soil and climate
conditions. FTIR analysis detected essential organic and inorganic compounds, such as
lignin, cellulose, calcium, and silica, revealing positive relationships between various
soil elements and the mechanical properties of the fibers. These results provide crucial
insights for the selection and improvement of local varieties, enabling increased fiber
productivity and quality while promoting sustainable agriculture of cotton in the

El Meita. Khenchela region.

1. Introduction

The growing impacts of climate change pose
serious challenges to agriculture in arid and semi-
arid  regions, compromising the stability,
adaptability, and sustainability of economic and
agri-food systems in these vulnerable areas [1].
Climate change—yparticularly through changes in
water availability, soil degradation, and declining
agricultural production—significantly affects the
sustainability of cropping systems in such
environments [2]. To address these constraints and
optimize the use of limited resources, it is crucial to
adopt resilient crops such as cotton and apply
appropriate agronomic practices to ensure both
economic and social security. Cotton (Gossypium
hirsutum L.), persistent plant with unlimited
growth, can grow continuously under ideal climatic
conditions. However, this growth pattern can lead
to delayed crop maturity [3,4]. As one of the
world’s principal fiber crops, cotton plays a vital
role in the textile industry and is an important
source of income for several developing countries.
Approximately 99% of cotton producers worldwide

are smallholders, with nearly 66% located in Asian
countries such as India, China, Pakistan,
Uzbekistan, Turkmenistan, and Tajikistan. The
remaining 33% are found in regions such as South
America—particularly Brazil—as well as Egypt
and West Africa [5,6,7]. In Egypt, cotton is of great
national economic importance as a strategic crop
supporting the country's textile industry [8,9].
Globally, cotton is grown on approximately 30
million hectares, representing about 2.5% of the
world's arable land—mainly as part of crop rotation
systems [10]. Nearly 20 million farmers practice
cotton monoculture, while approximately 30
million integrate it into crop rotation systems [11].
However, since cotton is primarily a summer crop,
agricultural soils are often left fallow during the
winter months, raising environmental concerns. In
addition, cotton generates relatively little post-
harvest residue compared to other crops, limiting
soil cover and organic matter return [12]. Cotton
varieties differ significantly in terms of fiber
characteristics such as length, strength, fineness,
and maturity, which determine their suitability for
the textile industry and influence the quality of
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finished products [13]. These fiber properties are
highly sensitive to environmental conditions—
including temperature, soil quality, and water
availability—which play a crucial role in their
development and overall quality [14]. In addition,
cotton yield and productivity are influenced by
various climatic and agronomic factors, including
planting density, sowing date, irrigation practices,
and fertilization methods. Among these, the sowing
date is particularly decisive, as it directly affects
plant development, final yield, and fiber quality.
However, determining the optimal sowing period
remains difficult due to seasonal variations in soil
and air temperature, as well as fluctuations in solar
radiation during the growing season [15,16]. In this
context, the present study aims to assess the
adaptability and agronomic potential of cotton to
the semi-arid to arid climatic and soil conditions of
the region located south of the wilaya of Khenchela
(Algeria). The cotton variety used—Giza 95,
originally from Egypt—is known for its high yield
potential and tolerance to heat and water stress,
making it particularly suitable for cultivation trials
in arid environments.The specific objectives of this
first experiment conducted in El-Meita on cotton
cultivation are as follows: (i) to evaluate the
success of cotton cultivation by estimating its yield,
(ii) to examine the quality of the fibers produced
under these environmental conditions through their
physicochemical, FTIR spectroscopic, and morpho-
anatomical characteristics; (iii) study the influence
of soil properties and climatic conditions on cotton
growth, and identify key factors that can improve
its productivity.This research is based on a set of
in-depth analyses, including the physicochemical
characterization of soils and irrigation water, as
well as the application of Fourier transform infrared
spectroscopy (FTIR) to the soil and cotton plants.
The study also includes an analysis of the
physicochemical and morpho-anatomical properties
of harvested cotton fibers.

2. Materials and Methods

Site description and geographical context

The study area is located on the El-Meita plateau,
in the southeastern part of the wilaya of Khenchela
(Algeria), and is classified as a semi-arid region.
This plateau extends between latitudes 34°30" and
35°00" North, and longitudes 6°78" and 7°30" East,
covering an area of approximately 2,350 km? The
altitude varies between 1,212 and 1,248 meters
above sea level, indicating a relatively flat
topography with gentle undulations [17]. The
region stands out for its strategic geographical
location and unique environmental characteristics,
making it particularly well suited to agricultural and
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environmental research in arid and semi-arid areas
(Fig. 1). The climate is characterized by hot, dry
summers from May to October, while winter
temperatures can drop to around 5°C. Annual
rainfall varies from around 200 mm in the semi-arid
areas of the north to just 60 mm in the desert areas
of the south. Despite these harsh climatic
conditions, agricultural activities continue—mainly
wheat and barley cultivation—supported by
underground irrigation systems. Wells in the region
reach depths of between 30 and 200 meters,
enabling agricultural production even under
conditions of water stress [17,18].

Experimental design

The field trial was conducted during the 2024
growing season in the semi-arid climate of the EI-
Meita region, located in the southern part of the
Khenchela province in Algeria. In order to improve
soil aeration and physical structure, the soil was
plowed to a depth of approximately 30 cm, while
ensuring that adequate moisture levels were
maintained. To facilitate planting, improve soil
drainage, and ensure even distribution of irrigation
water, the land was leveled and arranged in rows.
The Egyptian cotton variety Giza 95 was chosen as
the plant material for this study. The experimental
field consists of five rows, each 10 meters long,
with 80 cm spacing between rows and 30 cm
spacing between plants within each row. Sowing
took place on March 15, and harvesting was carried
out manually using traditional methods, with a first
harvest in September and a second in October. A
single nitrogen fertilizer application was made in
the form of ammonium nitrate (NH4NOs, 46% N) at
a rate of 2 kg/40 m?, or approximately 0.70 kg of
pure nitrogen. The application was made once, 45
days after sowing.

Physicochemical characterization of soil

A granulometric analysis was carried out to
determine the distribution of soil particles—clay,
silt, and sand—revealing useful information about
soil texture and its compatibility with cotton
cultivation. At the same time, a physicochemical
analysis was used to assess the fundamental
properties of the soil, including pH, salinity
(measured by electrical conductivity), total and
active calcium content, organic matter, and
concentrations of essential nutrients such as
available phosphorus, potassium (K20), and
nitrogen in the form of nitrate (NOs"). These
analyses were carried out at the laboratory of the
National Technical Institute for Soils, Irrigation and
Drainage (INSID), under the supervision of the
Algerian Ministry
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Characterization of the physicochemical quality
of water

The water used in the El-Meita region in the form
of groundwater, extracted through boreholes, was
analyzed to assess its quality and suitability for
agricultural irrigation. The analysis focused on
several key parameters such as pH, electrical
conductivity (EC), bicarbonate (HCOs") and
chloride (Cl") concentrations, and sedimentation
rate, with the aim of anticipating potential impacts
on crop growth. These investigations were
conducted at the National Technical Institute for
Soils, Irrigation and Drainage (INSID), under the
auspices of the Ministry of Agriculture.

Evaluation of climate parameters

The climatic characteristics of the study area were
assessed using data obtained via the WorldClim
platform [19], which compiles key meteorological

parameters. This analysis took into account
variables such as temperature, precipitation,
humidity, and wind speed, providing a

comprehensive and up-to-date overview of climate
trends and local environmental conditions from
March to October 2024,

Fourier Transform
(FTIR)

Fourier transform infrared spectroscopy (FTIR) is
an analytical method used to identify functional
groups present in the samples studied. FTIR spectra
were obtained using a Perkin-Elmer spectrometer
with a resolution of 8 cm™, in transmission mode,
in the spectral range from 4000 to 400 cm™.
Approximately 100 pg of sample was mixed with
23 + 2 mg of potassium bromide (KBr) and then
cold-pressed using an isostatic press at 150 MP to
form a pellet 200-250 um thick. Each infrared
spectrum represents the absorbance (A = -log (1/To))
as a function of the incident wave number. This
method was applied to soil, plant leaf, and cotton
fiber samples to highlight the main chemical and
structural variations. Furthermore, the use of the
second derivative allows the minima corresponding
to the precise frequencies of the main absorption
peaks to be exploited. This method improves
spectral resolution for better peak detection and
chemical component identification, particularly in
complex mixtures.

Infrared Spectroscopy

Physical analysis of cotton fibers and estimation
of yield

The physical properties of cotton fibers—Ilength,
strength, uniformity, maturity, and micronaire—
were evaluated using a High-Volume Instrument
(HVI1) model 1000. These properties are used to
calculate the Spinning Consistency Index (SCI) and
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Fiber Quality Index (FQI) in order to predict the
quality of cotton fibers and their suitability for
spinning. Also estimate the ginning yield and seed
weight. Prior to analysis, fiber samples were
conditioned for at least 24 hours under controlled
conditions (temperature of 24 + 1°C and relative
humidity of 64 + 2%). The evaluation was carried
out at the National Agricultural Research Center
(ARC) in Giza, Cairo, Egypt.

3. Results and discussion.

Soil particle size distribution and
physicochemical profile

Representative soil samples were collected prior to
sowing at the experimental site, then prepared and
analyzed according to standardized protocols. The

results of this analysis are presented in Table 1.

The results of the physical and chemical analyses of
the soil reveal a pH of 8, indicating slight alkalinity.
Although this value remains tolerable for cotton
cultivation, it can reduce the availability of certain
essential trace elements such as iron, zinc, and
manganese [20]. On the other hand, high electrical
conductivity (3.42 dS/m) is a major constraint.
Although cotton is known for its relative tolerance
to salinity [21], several studies show that high
salinity levels can negatively affect germination,
growth, and, above all, the technological
characteristics of the fibers. The Giza 95 variety,
although adapted to semi-arid environments, could
see its length and fineness compromised under
these conditions [22].Total and active limestone
content is within the normal range, ensuring
sufficient calcium intake, which is essential for cell
wall development and fiber strength [23]. However,
the low organic matter content (1.26%) reflects
limited fertility, reducing the soil's ability to
provide nutrients and retain moisture. In addition,
the levels of available phosphorus (157 ppm),
potassium (51.5 ppm), and nitrate nitrogen (2.4
ppm) are below the thresholds required for optimal
growth. These nutrients play a central role in
vegetative growth, photosynthesis, fruiting, and,
above all, fiber quality, influencing fineness,
strength, and elasticity [24]. These results suggest
that, for the Giza 95 \variety, sustainable
fertilization and monitoring of soil salinity are
necessary to preserve productivity and maintain the
technological quality of the fibers.

Physicochemical quality of water

According to the results of the analysis carried out
(Table 2), the water quality is considered suitable
for cotton irrigation in the EI-Meita region. Indeed,
the pH, electrical conductivity, and bicarbonate and
chloride concentrations are all within the
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recommended ranges. However, the salt content
(1362 ppm), although moderately higher than the
ideal range of 500 to 1000 ppm, could slightly
reduce yields if appropriate irrigation management
techniques are not implemented.

Climate data conditions in the region of El-
Meita

Climate data (Fig.3) for the EI-Meita region
indicate a semi-arid environment characterized by
high temperatures in summer and a marked water
deficit, which directly influences the management
of crops such as cotton and other sensitive plants.
Maximum temperatures reaching 35°C in July,
combined with moderate minimum temperatures of
around 10°C in February and March, provide a
favorable period for seed germination, as mild
temperatures promote the enzymatic activation
necessary for this process [25]. However, the
significant temperature contrast between seasons
can cause stress on plants during their active
growth phase, making it necessary to carefully
control irrigation to compensate for the water
deficit and avoid heat stress [26]. Low summer
humidity leads to high evaporation rates, increasing
water demand and highlighting the importance of
efficient irrigation techniques. On the other hand,
higher humidity in fall can increase the risk of plant
diseases [27].Finally, atmospheric stability, often
associated with dry and constant conditions, shows
that agricultural planning must be adapted to these
climatic constraints. Rigorous planning, from
sowing in March to harvesting in October, is
essential to optimize growth and vyield, reduce
losses due to abiotic stress, and ensure final product
quality [28]. These results confirm the importance
of integrated water and input management in semi-
arid agricultural systems, in line with previous
climate recommendations [29].

Fourier Transform
(FTIR)

FTIR spectra were analyzed separately for soil,
fibers, and cotton leaves in order to highlight the
main chemical and structural variations specific to

each type of sample.

Infrared  Spectroscopy

FTIR spectrum of the soil

FTIR analysis of soil samples reveals a particularly
diverse mineralogical and organic composition,
reflecting the combined influence of pedogenic
processes and agricultural practices. The bands
between 3700-3000 cm™, attributed to v(O-H)
vibrations, confirm the abundance of structural
hydroxyls in clays such as illite, kaolinite, and
montmorillonite, but also reveal the presence of
humic and phenolic organic compounds [30]. This
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duality reflects a strong interaction between the
mineral fraction and organic matter, which is
essential for soil aggregate stabilization and water
retention. The signature between 3000 and 2800
cm™', associated with aliphatic v(C—H), highlights
the role of organic inputs (lipids, plant waxes,
microbial residues) in soil carbon dynamics [31].
These signals indicate not only persistent biological
activity but also continuous recycling of organic
matter.The 1800-1500 cm™ range, dominated by
v(C=0) and 6(0O-H) bands, illustrates the
contribution of organic acids and humic substances
[32], key elements in nutrient complexation and
metal mobility. The band at 1635 cm™ could also
reflect the presence of carbonates and structured
water, suggesting a water and chemical balance
specific to this type of soil.In the 1450-1350 cm™
range, the presence of §(C-H) and nitrate signals
probably reflects the use of nitrogen fertilizers [33].
This indicates a direct anthropogenic impact linked
to historical agricultural practices on the plot. The
remarkable intensity of the bands between 1200 and
900 cm™, dominated by v(Si—O) vibrations from
silicates and v(P-O) vibrations from phosphates,
highlights the mineralogical richness in quartz and
clays, but also reveals a clear trace of past use of
phosphate fertilizers [34]. This observation
highlights the persistence of agricultural traces in
the soil, despite changes in crops, particularly the
shift from wheat to other production systems.Then
the bands below 900 cm™, particularly those
associated with Fe—O bonds, confirm the presence
of iron oxides such as hematite and goethite [35],
known to play a central role in sorption processes
and soil color. The possible presence of gypsum
identified between 1100-600 cm™ [36] reflects
local salinity conditions or exogenous deposits,
reinforcing the hypothesis of a combined influence
of environmental factors and agricultural practices.
Thus, all of these results show that the
spectroscopic composition of the soil reflects a
complex interaction between natural mineralogy
and anthropogenic inputs. The simultaneous
presence of clays, organic matter, carbonates,
sulfates, and traces of fertilizer indicates active soil
dynamics, influenced by both environmental
conditions and the history of agricultural use.

FTIR spectra of cotton shrub leaves

FTIR analysis of the cotton leaf (Figure 5a) shows a
set of specific absorption bands, demonstrating the
diversity of functional groups present in the leaf
structures. In the 3700-3000 cm™ region, a broad
band structured around 3432 cm™ is assigned to the
v(O-H) stretching vibrations of bound water
molecules, hydrophilic  polysaccharides, and
phenolic and alcoholic groups involved in leaf
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defense and hydration mechanisms [49]. The bands
between 2956, 2924, and 2854 cm™ correspond to
the aliphatic v(C—H) vibrations of the lipid chains,
indicating the presence of cuticular waxes and
membrane lipids that play a protective role against
water loss and environmental stress [50]. The
region 1800-1400 cm™ shows clear bands at 1662,
1549, 1515, and 1453 cm™, associated respectively
with v(C=0) vibrations of carbonyl groups and
d(C-H) vibrations, typical of phenolic compounds,
flavonoids, and lignin, key molecules in antioxidant
defense processes and wall stiffening [51]. The
1384-1238 cm™ range reveals bands characteristic
of C-O-C and C-OH bonds, a signature of
cellulose, polyholosides, and hemicellulose,
essential constituents of leaf tissue [52]. Between
1200 and 900 cm™, strong absorption bands at
1157, 1078, 1020, and 1000 cm™ are attributed to
v(C-0) vibrations of complex carbohydrates and
polysaccharides, confirming the leaf's richness in
cellulose and parietal components. Below 900 cm™,
particularly at 837, 764, 672, 602, and 535 cm™, the
bands observed indicate &(C—-H) deformation
vibrations of aromatic cycles, as well as v(M-0)
vibrations (M = Si, Fe, P), which are due to the
presence of mineral traces such as silicates,
phosphates, or metal oxides [53] [54]. Thus, the
FTIR spectrum reveals the complex biochemical
composition of cotton leaves, dominated by
cellulose, lignin, flavonoids, waxes, and phenolic
compounds. The strong O-H band indicates a high
state of hydration, while the lipid and aromatic
signals  highlight physiological functions of
protection and adaptation.The FTIR spectrum
therefore confirms the composition of the cotton
leaf, including cellulose, lignin, flavonoids, and
lipids. The broad water absorption band at 3432
cm! indicates a high level of hydration. Lipids and
waxes protect the leaf from excessive evaporation.
The presence of signals linked to polyphenols also
indicates natural antioxidant properties.

FTIR spectrum of cotton fibers (Kh01)

FTIR analysis of cotton fibers highlights the
richness and purity of cellulose as the major
component, which is consistent with previously
reported results [53,54]. The presence of a broad
band between 3500-3200 cm™!, attributed to O-H
stretching vibrations, confirms the formation of
hydrogen bonds and highlights the hygroscopic
state of the fibers, characteristic of hydrophilic
polysaccharides [55]. This hygroscopic property is
essential for textile and industrial applications, as it
directly influences the water absorption and
chemical reactivity of the fibers. Thus, the bands
observed between 2962 and 2853 cm’!,
corresponding to aliphatic C—H vibrations of CH,

7248

CHz, and CHs groups, highlight the carbohydrate
nature of the cell walls [56], confirming the typical
structural ~ composition  of  cellulose and
hemicellulose. Similarly, the bands at 1637 and
1454 cm™ reflect the C=0O vibrations of the
carbonyl groups and the C-H deformations,
respectively, highlighting the hydrophilic nature
and low lignin content of the fibers [57]. The
almost total absence of lignin clearly distinguishes
cotton fibers from those derived from wood, which
explains their softness, flexibility, and suitability
for  certain chemical and mechanical
transformations. Vibrations in the 1450-1200 cm™
region associated with CH>/CHs and C—OH groups
confirm the presence of cellulose and
hemicellulose, while intense peaks between 1200
and 1000 cm™ indicate B-1,4 glycosidic bonds
characteristic of the crystalline structure of
cellulose [58,54]. This high crystallinity correlates
with improved mechanical strength and increased
thermal stability, two properties that are essential
for industrial fiber applications. Finally, the bands
below 900 cm™, corresponding to the vibrations of
carbohydrate cycles and pyranose rings, confirm
the structural nature of polysaccharides [59]. All of
these observations indicate high cellulose purity,
high crystallinity, and significant water absorption
capacity, supporting previous conclusions [60].

FTIR analysis of cotton seeds

FTIR spectroscopic analysis of cotton seeds (Fig 8)
reveals characteristic bands similar to those
observed in fibers, particularly in the regions
between 3500-3200 cm™ (stretching vibrations of
O-H hydroxyl groups linked to hydrogen bonds),
2962-2853 cm™ (stretching vibrations of C—H
bonds in CH, CHz, and CHs groups), 1200-1000
cm'  (B-(1—4) glycosidic bonds typical of
cellulose), and below 900 cm™ (vibrations
associated with carbohydrate cycles and pyranose
rings), confirming that cellulose is the main
component [61]. Furthermore, unlike fibers, which
consist mainly of almost pure cellulose, seeds have
a more complex and heterogeneous biochemical
matrix, comprising not only cellulose and
hemicellulose, but also proteins, lipids (oils), traces
of lignin, and phenolic compounds [62]. This
molecular diversity is reflected in additional bands:
the signal at 1637 cm™ and the region 1740-1700
cm™ are attributed to C=0O vibrations of esters,
lipids, and proteins [63]. In addition, the
characteristic bands of amides | and Il, located at
1650 and 1540 cm™ respectively, confirm the
presence of proteins [64,65], while additional bands
in the 2850-2920 cm™ range are linked to long
aliphatic chains, signatures of triglycerides present
in seed oils [66]. The crystallinity of cellulose in
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seeds generally appears to be lower than that of
fibers, as evidenced by the broader and less intense
signals recorded in the 1200-1000 cm™ region,
which directly influences the physicochemical
properties of seeds [67].

FTIR analysis of the cotton capsule

The results of the FTIR analysis of the cotton
capsule reveal a structure dominated by cellulose
and hemicellulose, with characteristic bands around
3400 cm (O-H), 2920 cm™ (C-H), 1635 cm™
(C=0), and 1050-1000 cm™ (glycosidic bonds).
Compared to the fibers, which are almost entirely
composed of crystalline cellulose, the capsule has a
more heterogeneous composition including pectins,
phenolics, and traces of lignin, giving it rigidity and
mechanical strength. In contrast to seeds, it retains
a similar polysaccharide base but with a higher
proportion of secondary compounds, reflecting its
role in protecting fibers and seeds. These chemical
differences explain its mechanical properties and
essential biological function [68, 69].

FTIR analysis of scraped cotton bark

FTIR analysis shows that the capsule and bark of
cotton share a common lignocellulosic base,
characterized by a broad O-H band (3500-3200
cm), aliphatic C—H vibrations (2920-2850 cm™),
and peaks associated with crystalline cellulose
(1200-1000 cm™), confirming the presence of
cellulose and hemicellulose. However, the bark
exhibits more intense bands in the 1700-1600 cm™
region, related to C=O vibrations, indicating a
higher content of lignin and phenolic compounds
compared to the capsule. These results indicate that
the bark plays a more pronounced protective role,
with lignin and phenols contributing to mechanical
rigidity and resistance to microbial degradation,
which are essential for protecting the plant's
internal tissues. These differences can be discussed
in the context of the biological functions of each
part of the plant, with the chemical composition
reflecting variations in protection, thermal stability,
and water absorption, which explains the specific
use of each part in various industrial applications
[70,71].

Physical properties of cotton fibers

The cotton fibers were tested in a specialized fiber
analysis laboratory in Egypt, at the Cotton Research
Institute, Agricultural Research Center (ARC), in
Giza, Egypt. This part focused on seed cotton in
order to evaluate the quality characteristics of Kh
01 cotton fibers. Table 1 shows several indicators
that were used to measure this quality in order to
predict the performance of cotton fibers, including
fineness (Micronaire), maturity index, Upper Half
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Mean Length (mm) (UHML), uniformity index
(U1%), fiber strength (STR), elongation (Elg), and
degree of reflection and luster (Rd). These
indicators are essential for determining their
performance in the textile industry. These
properties vary greatly depending on genotype,
environmental conditions (climate, soil, agricultural
management), and cultivation practices [63], which
explains the notable differences observed between
varieties such as Kh 01 and Giza 95. The quality
characteristics of cotton fibers, such as length,
strength, fineness, and uniformity, are particularly
influenced by the interaction between genetics and
the environment, and certain regions or innovative
agricultural practices can significantly improve
these parameters [72].The results obtained (Table
4) show that the Kh 01 variety has a significantly
greater fiber length, with a difference of
approximately 2 mm compared to other varieties,
which is a notable advantage for textile
applications. According to the Cotton Incorporated
classification [73], the Giza 95 variety is considered
a long-fiber cotton, confirming that Kh 01 falls into
the same or a similar category, offering attractive
properties for the production of high-quality
yarns.The high uniformity index and superior
tensile strength of Kh 01 are essential
characteristics for ensuring yarn stability during
spinning, a key criterion for the textile industry
[74]. These mechanical properties reinforce the
potential of Kh 01 for the production of durable and
resistant textiles. In terms of agronomic aspects, the
higher average boll weight (+2.6 g) and higher
reflectance give Kh 01 a significant advantage in
terms of yield and visual quality of the fibers,
which is essential for commercialization and
adaptation to semi-arid conditions [75]. However,
the lower fiber fineness and elongation rate
compared to Giza 95 suggest that Kh 01 fibers are
rougher and less elastic, which may influence
certain applications requiring high elasticity or a
very soft feel [76].Furthermore, although Giza 95
has a higher +b yellowness rating, it also has a
higher shredding rate, indicating greater material
loss during industrial processing stages [77]. This
result highlights the advantage of Kh 01 for
industrial processing, limiting material losses and
improving the efficiency of the spinning process.

Fiber Quality Index (FQI)

One of the first attempts to establish an aggregate
criterion for assessing cotton fiber quality was the
introduction of the Fiber Quality Index (FQI),
formulated according to the relationship (1)
proposed by the South India Textile Research
Association (SITRA) [78]. This index combines
several essential physical characteristics such as
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strength, length, and fineness of the fibers, with the
aim of providing a comprehensive and synthetic
measure of cotton fiber quality. Based on the results
obtained by the high-throughput analyzer (HVI),
the fiber quality index (FQI) is determined

according to formula (2) [79].FQI = (fiber
strength*length*uniformity*maturity
coefficient)/fineness
FQI = (Str *UHML* UI*MR)/Mic @
FQI = (UHML™* UlI* Str)/Mic 2

Although the Kh 01 variety has a Fiber Quality
Index (FQI) of 154.75, which is lower than that of
Giza 95 (172.4) [80], the Algerian variety (Kh 01)
has a higher fiber length and retains interesting
technological qualities. This difference reflects a
slight superiority of Giza 95 in terms of overall
fiber performance, particularly in terms of fineness
and elongation.

Consistency index (SCI)

The consistency index (SCI) is a measure that can
be predicted from the properties of the cotton
sample using a regression model [81]. The SCI
relationship is given by equation (3) :

SCI = -414.67 + 2.9%*STR + 49.1*UHML (3)
+ 4.74*Ul — 9.32*MIC+ 0.95% Rd +
0.36*b

The results show that the SCI values reported for
the Giza 95 variety generally range between 147
and 159, which ranks it among the best long
varieties for spinning according to international
standards [22]. In comparison, the local variety Kh
01 also achieved a very satisfactory value (142.92),
falling within the acceptable range for industrial
use. This result is particularly important in semi-
arid environments, where climatic and edaphic
constraints strongly influence fiber quality [82].The
consistency of the values obtained for Kh 01
demonstrates its good adaptation to arid conditions
and its potential as a credible alternative to
imported varieties. Its promising technological
characteristics open up interesting prospects for its
integration into local agricultural development
strategies, thereby helping to reduce dependence on
foreign seeds and strengthen agricultural security.
Although Giza 95 remains an international
benchmark for fiber quality and spinning
suitability, Kh 01 demonstrates that selecting and
promoting local varieties and improving the

resilience of agricultural systems in semi-arid areas
[83].

4
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B Vet soil
Experimental plot
—. Administrative boundary
Figure 1: Geographical location of the study area
Table 1. Physical and chemical properties of soil
Parameter Value Required level Rating
PH 8 6,5-7,5 Slightly basic

(1:2.5 soil-to-water ratio at 25 °C)
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Electrical Conductivity (EC, dS/m) 3.42 <0,6 Very high
1:5 soil-to-water ratio at 25°C)
Total Limestone (%) 15.81 5%-25% Normal
Active Limestone (%) 5.57 <8 Normal
Organic Matter (%) 1.26 1,5%- 2,5% Low
Assimilable Phosphorus (P20s, ppm) 157.10 De 180 a 220 Normal
ppm
K20 515 150-250 Very low
FAO SOP (Standard Operating ppm
Procedure)
Nitrate Nitrogen (N-NOs") 2.4 15-30 ppm Very low
Determined by Nitrate Check Method
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Figure 2: Diagram of soil texture analysis in the region of EI-Meita Khenchela , Algeria
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Table 2: Analysis of water samples collected in the region EI-Meita
Parameter Value Required level Rating
PH (2325°C) 7.09 6.5-8.4 Conforming value
Ce (ds/m25°C) 2.63 0.7-3 Conforming value
HCO" 3 (méq/l) 2.3 1.5-8.5 Conforming value
CL (méq/l) 3-10 Conforming value
Salt concentration (ppm) 1362 500-1000 Slightly elevated value
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Figure 4: FTIR spectra of soil of the EI-Meita region (Khenchela, Algeria). (a) Full spectrum (4000 to 400
cm™); (b) Region (4000 to 2400 cm™), (c) Fingerprint region (1700 to 800 cm™) and (d) Region (800 to 400

cm™).

Table 3: Identification of FTIR bands specific to mineral and organic components of soil

Wavenumber Assignments Explanation Ref
(em™)

3700 - 3000 Stretching vibrations O-H Water adsorbed in the soil (H20 on the surface of [37]
minerals),Clay minerals such as kaolinite,
montmorillonite, and illite, which contain structural
hydroxyl groups, Humic and fulvic acids, the main
constituents of soil organic matter

3000 - 2800 C-H stretching vibrations of | Lipids, waxes, and humic compounds,

organic materials Soil organic matter, which comes from the [38]
decomposition of plant and microbial residues.

1800 - 1500 C=0 vibrations and O-H This band is typical of C-H bonds in organic [39]

deformations compounds.

1700 - 1600 Stretching vibrations C=0 Carboxylic acids and organic carbonates. [40, 41]

1600 - 1500 Deformations of O-H bonds | Typical of humic and fulvic acids. [42]

1450 - 1350 C-H deformation and | C-H stretching vibrations of organic compounds, | [43, 44]

presence of nitrates aliphatics, CO-CHs.
Nitrates (NOs"), often introduced by fertilizers such
as ammonium nitrate or potassium nitrate.
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1200 - 900 Clays, quartz, Phosphates | Silicates and phosphates [45, 46,
(PO+#7)  from  phosphate 47]
fertilizers

1050 - 950 Inorganic phosphates Phosphate fertilizer [48]
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Figure 5: FTIR spectra and second derivative of cotton tree leaf of the EI-Meita region (Khenchela,
Algeria). (a) Full FTIR spectrum (4000-500 cm™); (b) Region (4000-2400 cm™); (c) Fingerprint region
(1700-800 cm™) and (d) Region 800 to 400 cm™.
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Figure 7: Cotton seeds. (a) Macroscopic view; (b) Side view of the seed under a stereomicroscope; (c) Longitudinal
section revealing the inner kernel, surrounded by the wall and tegument, with the fibrous coat remaining at the
periphery (outer surface), observed under a stereomicroscope.
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Figure 10: FTIR spectrum of scraped cotton plant bark and its second derivative (%200)
Table 4. Comparison of fiber properties between cotton varieties.
Fiber properties Variétés

Giza 95 Kh 01
U.H.M.L (mm) 20.5 22.33
Ul% 83.71 86.86
Mic 411 5.13
MR 90 88.66
Str g/tex 36.93 40.93
Elg 9.01 6.2
Rd 61.89 71.7
+b 11.76 10.46
BW 2.1 2.6
GR 41 23.4

Abbreviations: U.H.M.L: Upper Half Mean Length (mm), Ul: Uniformity Index (%), Str: Strength (g/tex),
Elg: Elongation (%), Mic: Micronaire value, MR: Maturity Ratio, BW: Average Boll Weight (g), GR:
Ginning Rate, Rd: Reflectance degree, +b: yellowness degree.

4. Conclusions

The study showed that the Giza 95 cotton variety is
highly adaptable to the arid and semi-arid
conditions of the El Meita—Khenchela region, with
high fiber and seed yields. Physicochemical
analyses of the fibers, supplemented by FT-IR
spectroscopic studies of different parts of the plant,
revealed remarkable mechanical, agricultural, and
functional properties. The significant differences
observed from Giza 95 and Kh 01 in terms of fiber
length and strength, color, boll weight, and
spinning percentage confirm the comparative
superiority of Giza 95 under the local conditions
studied. Furthermore, the quality and chemical
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composition of the fibers appear to be strongly
correlated with soil characteristics and climatic
conditions, highlighting this variety's ability to
grow effectively in its environment. FT-IR analyses
revealed high levels of cellulose, hemicellulose,
and protein in the fibers and leaves, reinforcing its
industrial potential and functional performance.

Author Statements:

Ethical approval: The conducted research is
not related to either human or animal use.

Conflict of interest: The authors declare that
they have no known competing financial
interests or personal relationships that could



Khedidja Abdellaoui, Hanine Berkani/ IJCESEN 11-4(2025)7244-7259

have appeared to influence the work reported in
this paper

o Acknowledgement: The authors declare that
they have nobody or no-company to
acknowledge.

e Author contributions: The authors declare that
they have equal right on this paper.

e Funding information: The authors declare that
there is no funding to be acknowledged.

o Data availability statement: The data that
support the findings of this study are available
on request from the corresponding author. The
data are not publicly available due to privacy or
ethical restrictions.

References

[1]Dzvene, A. R., Zhou, L., Slayi, M., & Dirwai, T. L.
(2025). A scoping review on challenges and
measures for climate change in arid and semi-arid
agri-food  systems.  Environmental  Systems
Research 3: PUP. https://doi.org/10.1007/s43621-
025-00945-z.

[2]Kumar, L., Chhogyel, N., Gopalakrishnan, T., Hasan,
M. K., Jayasinghe, S. L., Kariyawasam, C. S.,
Kogo, B. K., & Ratnayake, S. (2022). Climate
change and future of agri-food production. In:
Future Foods. Cambridge: Academic Press. pp.
49-79.

[3]Bondada, B. R., and Oosterhuis, D. M. (2001).
Canopy photosynthesis, specific leaf weight and
yield components of cotton under varying nitrogen
supply. J.  Plant Nutr. 24(3): 469-477.
https://doi.org/10.1081/PLN-100104973.

[4]Beyyavas, V., Cevheri, C. L., & Yilmaz, A. (2024).
Effect of sowing time in cotton (Gossypium
hirsutum L.) on boll distribution, cellulose ratio and
fiber quality. J. Anim. Plant Sci. 34(1): 90-98.
https://doi.org/10.36899/JAPS.2024.1.0697.

[5]Tlatlaa, J. S., Tryphone, G. M., & Nassary, E. K.
(2023). Effects of sowing dates and phosphorus
levels on cotton growth and yield: soil analysis and
implications. Front. Sustain. Food Syst. 7:
1298459.
https://doi.org/10.3389/fsufs.2023.1298459.

[6]EJF (2007). The deadly chemicals in cotton: A report
by the Environmental Justice Foundation in
collaboration with Pesticide Action Network.
London, UK
https://ejfoundation.org/resources/downloads/The-
Deadly-Chemicals-in-Cotton.pdf

[7]Li, Z., Wan, S., Chen, G., Han, Y., Lei, Y., Ma, Y., et
al. (2023). Effects of irrigation regime on soil
hydrothermal microenvironment, cotton biomass,
and yield under non-film drip irrigation system in
cotton fields in southern Xinjiang, China. Ind.

Crops Prod. 198: 116738.
https://doi.org/10.1016/j.indcrop.2023.116738
[8]Yehia, W. M. B., Zaazaa, E. I. I., El-Hashash, E. F.,

Abou El-Enin, M. M., & Shaaban, A. (2024).
Genotype-by-environment interaction analysis for

cotton seed vyield using various biometrical
methods under irrigation regimes in a semi-arid
region. Arch. Agron. Soil Sci. 70(1): 1-23.
https://doi.org/10.1080/03650340.2023.2287759.

[9]Yehia, W. M. B., El-Hashash, E. F., Sherif, M. M. M.,
& El-Abassy, M. A. A. (2024). Improving the
quality and productivity of cotton under a drip
irrigation system in Toshka, Egypt. Egypt. J. Agric.
Res. 102(3): 448-463.
https://doi.org/10.21608/ejar.2024.288608.1543.

[10]Johnson, J., MacDonald, S., Meyer, L., & Soley, G.
(2022). The World and United States Cotton
Outlook. 9th Annual Agricultural Outlook Forum,
United States Department of Agriculture (USDA),
[Virtual  presentation].  Disponible  sur
https://www.usda.gov/sites/default/files/documents/
2022 A0F-cotton-outlook.pdf.

[11]Voora, V., Bermudez, S., Farrell, J. J., Larrea, C., &
Luna, E. (2023). Global Market Report: Cotton
Prices and Sustainability. Sustainable Commodities
Marketplace Series. International Institute for
Sustainable Development (1ISD). Disponible sur :
https://www.iisd.org/publications/report/global-
market-report-cotton-prices-sustainability.

[12]Osteen, C., Gottlieb, J., & Vasavada, U. (2012).
Agricultural  Resources and  Environmental
Indicators, 2012 Edition. USDA-ERS Economic
Information Bulletin No. 98. United States
Department of Agriculture (USDA), Washington,

DC, USA. Disponible sur
https://ssrn.com/abstract=2141408 (consulté¢ le 7
aout 2024).

[13]Baloch, M. J. (2001). Stability and adaptability
analysis of some quantitative traits in upland cotton
varieties. Pakistan J. Sci. Indus. Res.: Biological
Sciences 44(2): 105-108.

[14]Killi, F., Efe, L., & Mustafayev, S. (2005). Genetic
and environmental variability in vyield, vyield
components and lint quality traits of cotton. Int. J.
Agric. Biol. 7(6): 1007-1010.

[15]Tuttolomondo, T., Virga, G., Rossini, F., Anastasi,
U., Licata, M., Gresta, F., La Bella, S.,, &
Santonoceto, C. (2020). Effects of environment and
sowing time on growth and yield of upland cotton
(Gossypium hirsutum L.) cultivars in Sicily (Italy).
Plants 9(9): 1209.
https://doi.org/10.3390/plants9091209

[16]lgbal, B., Kong, F., Ullah, 1., Ali, S., Li, H., Wang,
J., Khattak, W. A., & Zhou, Z. (2020). Phosphorus
application improves the cotton yield by enhancing
reproductive  organ  biomass and nutrient
accumulation in two cotton cultivars with different
phosphorus  sensitivity. Agronomy 10(2): 153.
https://doi.org/10.3390/agronomy10020153

[17]Sedrati, A., Houha, B., Romanescu, G., Sandu, I. G.,
Diaconu, D.C., & Sandu, 1. (2017). Impact of
agriculture upon the chemical quality of
groundwaters within the Saharian Atlas steppe
El-Meita (Khenchela-Algeria). Rev. Chim.
(Bucharest) 68(2) : 420-423.
https://doi.org/10.37358/RC.17.2.5467.

[18]Halimi, I., Kara-Toumi, F. Z., Lebbal, S., Mari, R.,
Ghorab, A., & Saidi, F. (2022). Biodiversity of



https://doi.org/10.36899/JAPS.2024.1.0697
https://ssrn.com/abstract=2141408
https://doi.org/10.3390/plants9091209
https://doi.org/10.3390/agronomy10020153

Khedidja Abdellaoui, Hanine Berkani/ IJCESEN 11-4(2025)7244-7259

Culicidae (Insecta: Diptera) in the region of
Khenchela (northeast Algeria). J. Biores. Manag.
9(3): 79-92.

[19]WorldClim Team. (2020-2025). WorldClim: Global
climate and weather data (Version 2.1, historical
and future climate surfaces). Disponible sur
WorldClim :
https://www.worldclim.org/data/index.html

[20]Luo, T., Lu, W., Chen, L., Min, T., Ru, S., Wei, C,,
& Li, J. (2022). The effects of acidic compost tea
on activation of phosphorus, Fe, Zn, and Mn in
calcareous soil and cotton (Gossypium hirsutum L.)
growth in Xinjiang, China. Journal of Soil Science
and  Plant  Nutrition, 22(4), 3823-3836.
DOI: 10.1007/s42729-022-00933-6

[21]Maryum, Z., Lugman, T., Nadeem, S., Khan, S. M.
U. D.,, Wang, B., Ditta, A., & Khan, M. K. R.
(2022). An overview of salinity stress, mechanism
of salinity tolerance and strategies for its
management in cotton. Frontiers in Plant Science,
13, 907937. DOI: 10.3389/fpls.2022.907937

[22]Shalaby, M. (2023). Determine the technological
value of cotton fiber using decision making criteria.
Acta Scientific Agriculture, 7(12), Article 1324.
DOI: 10.31080/ASAG.2023.07.1324

[23]Sutrisno, Soenoko, R., Irawan, Y. S., & Widodo, T.
D. (2021). Effect of limestone mass concentration
on tensile strength and surface morphology of
coconut fiber. IOP Conference Series: Materials
Science and Engineering, 1034(1), 012168.
DOI: 10.1088/1757-899X/1034/1/012168

[24]Farid, M. Z., Qureshi, K. M., Shah, S. H., Qureshi,
A. A., Umair, M., & Shafiq, H. (2020). Foliar
application of micronutrients improves growth,
productivity and fruit quality of strawberry
(Fragaria ananassa Duch). The Journal of Animal
and Plant  Sciences, 30(4), 905-912.
DOI: 10.36899/JAPS.2020.4.0106

[25]Monajjem, S., Soltani, E., Zainali, E., Esfahani, M.,
Ghaderi-Far, F., & Hosseini Chaleshtori, M.
(2022). Seed priming improves the enzymatic and
biochemical performance of rice (Oryza sativa L.)
during seed germination under low and high
temperatures. DOI: 10.21203/rs.3.rs-2314663/v1

[26]Romero-Trigueros, C., Bayona Gambin, J. M.,
Nortes, P. A., Alarcon, J. J., & Nicolas, E. (2019).
Determination of crop water stress index by
infrared thermometry in grapefruit trees irrigated
with saline reclaimed water combined with deficit
irrigation. Remote Sensing, 11(7), 757. DOI:
10.3390/rs11070757

[27]Yao, L., Jiang, Z., Wang, Y., Wan, S., & Xin, X.-F.
(2022). High air humidity dampens salicylic acid
pathway and plant resistance via targeting of
NPR1. DOI: 10.1101/2022.10.28.514180

[28]Ferrante, A., & Mariani, L. (2018). Agronomic
management for enhancing plant tolerance to
abiotic stresses: High and low values of
temperature, light intensity, and relative humidity.
Horticulturae, 4(3), 21.
DOI: 10.3390/horticulturae4030021.

[29]Radiinz, W.C., Sakagami, Y., Haas, R., Petry, A.P.,
Passos, J.C., Miqueletti, M. and Dias, E. (2020).

7257

The variability of wind resources in complex
terrain and its relationship with atmospheric
stability. Energy Convers Manag., 222
113249.D0I:10.1016/j.enconman.2020.113249

[30]Rockert, A., Kullgren, J., & Hermansson, K. (2022).
Predicting frequency from the external chemical
environment: OH vibrations on hydrated and
hydroxylated surfaces. Journal of Chemical Theory
and Computation, 18(12), 7949-7962.
DOI:10.1021/acs.jctc.2c00135

[31]Capriel, P., Beck, T., Borchert, H., Gronholz, J., &
Zachmann, G. (1995). Hydrophobicity of the
organic matter in arable soils. Soil Biology and
Biochemistry, 27(11), 1453-1458.
DOI:10.1016/0038-0717(95)00068-P

[32]Haberhauer, G. F., Rafferty, B., Strebl, F., &
Gerzabek, M. H. (1998). Comparison of the
composition of forest soil litter derived from
different sites at various decompositional stages
using FTIR-spectroscopy. Geoderma, 83(3-4),
331-342. DOI:10.1016/S0016-7061(98)00008-1

[33]Linker, R. (2007). Soil classification via mid-
infrared spectroscopy. In D. Li, C. Zhao, & S.
Wang (Eds.), Computer and Computing
Technologies in Agriculture (Vol. 2, pp. 395-402).
IFIP International Federation for Information
Processing. DOI :10.1007/978-0-387-77253-0_48

[34]Ellerbrock, R. H., Stein, M., & Schaller, J. (2022).
Comparing amorphous silica, short-range-ordered
silicates and silicic acid species by FTIR. Scientific
Reports, 12(1), 11708. DOI:10.1038/s41598-022-
15882-4

[35]Volkov, D. S., Rogova, O., & Proskurnin, M. A.
(2021). Organic matter and mineral composition of
silicate  soils: FTIR comparison study by
photoacoustic, diffuse reflectance, and attenuated
total reflection modalities. Agronomy, 11(9), 1879.
DOI:10.3390/agronomy11091879

[36]Zhao, B., Nan, X., Xu, H., Wang, L., & Ma, F.
(2017). Sulfate sorption on rape (Brassica
campestris L.) straw biochar, loess soil and a
biochar-soil mixture. Journal of Environmental
Management, 201, 309
314.D0I:10.1016/j.jenvman.2017.06.064

[37]Zhao, T., Xu, S., & Hao, F. (2023). Differential
adsorption of clay minerals: Implications for
organic matter enrichment. Earth-Science Reviews
246: 104598. DOI:10.1016/j.earscirev.2023.104598

[38]Heller, C., Ellerbrock, R., & Rosskopf, N. (2015).
Soil organic matter characterization of temperate
peatland soil with FTIR-spectroscopy: Effects of
mire type and drainage intensity. European Journal
of Soil Science, 66(5), 847-858.

[39]Jumabaev, A., Absanov, A., Hushvaktov, H., &
Khamidov, B. (2024). Raman and Fourier
transform infrared spectra of C-H and O-H
stretching vibrations in ethanol and its aqueous
solutions: Experiment and ab initio calculations.
Journal of Molecular Structure, Vol. 26, No. 1, pp.
13-19, 2024. DOI : 10.52304/.v26i1.492

[40]Gautam, R., Kumar, N., Lynam, J., & Ali, S. T.
(2020). Theoretical and experimental study of
choline chloride—carboxylic acid deep eutectic



https://www.worldclim.org/data/index.html
http://dx.doi.org/10.1007/s42729-022-00933-6
http://dx.doi.org/10.3389/fpls.2022.907937
http://dx.doi.org/10.31080/ASAG.2023.07.1324
http://dx.doi.org/10.1088/1757-899X/1034/1/012168
http://dx.doi.org/10.36899/JAPS.2020.4.0106
http://dx.doi.org/10.21203/rs.3.rs-2314663/v1
http://dx.doi.org/10.3390/rs11070757
http://dx.doi.org/10.1101/2022.10.28.514180
http://dx.doi.org/10.3390/horticulturae4030021
http://dx.doi.org/10.1016/j.enconman.2020.113249
http://dx.doi.org/10.1021/acs.jctc.2c00135
http://dx.doi.org/10.1016/0038-0717(95)00068-P
http://dx.doi.org/10.1016/S0016-7061(98)00008-1
http://dx.doi.org/10.1007/978-0-387-77253-0_48
http://dx.doi.org/10.1038/s41598-022-15882-4
http://dx.doi.org/10.1038/s41598-022-15882-4
http://dx.doi.org/10.3390/agronomy11091879
http://dx.doi.org/10.1016/j.jenvman.2017.06.064
http://dx.doi.org/10.1016/j.earscirev.2023.104598
http://dx.doi.org/10.52304/.v26i1.492

Khedidja Abdellaoui, Hanine Berkani/ IJCESEN 11-4(2025)7244-7259

solvents and their hydrogen bonds. Journal of
Molecular Structure, 1222(14), 128849.
DOI: 10.1016/j.molstruc.2020.128849

[41]Grunenwald, A., Keyser, C., Sautereau, A., Crubézy,
E., Ludes, B., & Drouet, C. (2014). Revisiting
carbonate quantification in apatite (bio)minerals: A
validated FTIR  methodology. Journal of
Archaeological Science, 49, 134-141.

[42]Baes, A. U., & Bloom, P. R. (1989). Diffuse
reflectance and transmission Fourier transform
infrared (DRIFT) spectroscopy of humic and fulvic
acids. Soil Science Society of America Journal,
53(3), 695-700.

[43]Medimagh, M., Issaoui, N., Gatfaoui, S., Almutairi,
S. M., Algarni, H., Bouzidi, A., & Hcini, S. (2021).
Impact of non-covalent interactions on FT-IR
spectrum and properties of 4-
methylbenzylammonium nitrate: A DFT and
molecular docking study. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy, 263,
120205. DOI: 10.1016/j.heliyon.2021.e08204

[44]Bruns, E. A., Perraud, V., Zelenyuk, A., Ezell, M. J.,
Johnson, S. N., Yu, Y., Imre, D., Finlayson-Pitts,
B. J., & Alexander, M. L. (2010). Comparison of
FTIR and particle mass spectrometry for the

measurement of particulate organic nitrates.
Environmental Science & Technology, 44(3),
1056-1061.

[45]Ellerbrock, R., Stein, M., Schaller, J., Tanneberger,
K., & Fuchs, M. (2022). Comparing amorphous
silica, short-range-ordered silicates and silicic acid
species by FTIR. Vibrational Spectroscopy, 120,
103365.

[46]Volkov, D., Rogova, O., Proskurnin, M., & Fedotov,
P. (2021). Organic matter and mineral composition
of silicate soils: FTIR comparison study by
photoacoustic, diffuse reflectance, and attenuated
total reflection modalities. Applied Spectroscopy,
75(12), 1449-1460.

[47]Li, X., Zhang, Q., Hou, B., Wang, Y., Zhao, F., &
Song, S. (2017). Flotation separation of quartz from
collophane using an amine collector and its
adsorption mechanisms. Powder Technology, 316,
400-406.

[48]Li, L., Wang, W., Jiang, Z., & Kubicki, J. D. (2023).
Phosphate in aqueous solution adsorbs on
limestone surfaces and promotes dissolution.
Water 15(18): 3230.DOI: 10.3390/w15183230

[49]Kokot, S., Czarnik-Matusewicz, B., & Ozaki, Y.
(2002). Two-dimensional correlation spectroscopy
and principal component analysis studies of
temperature-dependent IR spectra of cotton-
cellulose. Peptide Science, 67(6), 456-469.
DOI:10.1002/bip.10163

[50]Pham Anh, T., Borrel-Flood, C., Vieira da Silva, J.,
& Mazliak, P. (1985). Effects on lipid metabolism
in cotton leaves. Phytochemistry, 24(4), 723-727.
DOI:10.1016/S0031-9422(00)84884-0

7258

[51]Wu, X., Hao, Y., Riaz, M., & Jiang, C. (2020).
Changes in leaf structure and chemical
compositions investigated by FTIR are correlated
with different low potassium adaptation of two
cotton  genotypes.  Agronomy, 10(4), 479.
DOI:10.3390/agronomy10040479

[52]zZhang, L., Li, X., Zhang, S., Zou, H., & al. (2021).
Micro-FTIR combined with curve fitting method to
study cellulose crystallinity of developing cotton
fibers. Analytical and Bioanalytical Chemistry,
413(2), 483-493. DOl :10.1007/s00216-020-
03094-6

[53]Abidi, N., Cabrales, L., Haigler, C. H., & al. (2014).
Changes in the cell wall and cellulose content of
developing cotton fibers investigated by FTIR
spectroscopy. Carbohydrate Polymers, 100, 1-8.
DOI :10.1016/j.carbpol.2013.01.074

[54]Liu, Y., & al. (2013). Recent progress in Fourier
Transform Infrared (FTIR) spectroscopy study of
compositional, structural and physical attributes of
developmental cotton fibers. Materials, 6(1), 299—
313. DOI : 10.3390/ma6010299

[55]Liu, Y., Kim, H.-J., Gamble, G. R., Thibodeaux, D.
P., & Van Der Sluijs, M. H. J. (2017). Fourier
transform infrared spectroscopy (FT-IR) and simple
algorithm analysis for rapid and non-destructive
assessment of developmental cotton fibers. Sensors,
17(7), 1469. DOI:10.3390/s17071469

[56]He, Z., Nam, S., Fang, D. D., Nie, X., Zhang, X., &
He, J. (2021). Surface and thermal characterization
of cotton fibers of phenotypes differing in fiber
length. Polymers, 13(7), 994,
DOI:10.3390/polym13070994

[57]He, Z., Liu, Y., Kim, H. J., Zhang, H., Liu, S., &
Yuan, J. (2022). Fourier transform infrared spectral
features of plant biomass components during cotton
organ  development and their  biological
implications. Journal of Cotton Research, 5(1), 11.
DOI:10.1186/s42397-022-00117-8

[58]He, Z., Nam, S., Fang, D. D., Nie, X., Zhang, X., &
He, J. (2021). Surface and thermal characterization
of cotton fibers of phenotypes differing in fiber
length. Polymers, 13(7), 994, DOl
:10.3390/polym13070994

[59]He, Z., Liu, Y., Kim, H. J., Zhang, H., Liu, S., &
Yuan, J. (2022). Fourier transform infrared spectral
features of plant biomass components during cotton
organ  development and their  biological
implications. Journal of Cotton Research, 5(1), 11.
DOI:10.1186/s42397-022-00117-8

[60]Liu, Y., Chang, S., He, Z., Kim, H. J., Zhang, H., &
Yuan, J. (2024). Comprehensive analysis of cotton
fiber infrared maturity distribution and its relation
to fiber HVI and AFIS properties. Fibers and
Polymers, 25(3), 865-878. DOI:10.1007/s12221-
023-00448-6

[61]Huang, J., Chen, F., Guo, Y., Gan, X., Yang, M.,
Zeng, W., Persson, S., Li, J.,, & Xu, W. (2021).
GhMYB7 promotes secondary wall cellulose
deposition in cotton fibres by regulating GhCesA
gene expression through three distinct cis-elements.
New Phytologist, 232(4), 1718-1733. DOI
:10.1111/nph.17612



http://dx.doi.org/10.1016/j.molstruc.2020.128849
http://dx.doi.org/10.1016/j.heliyon.2021.e08204
https://www.researchgate.net/journal/Water-2073-4441?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNlYXJjaCIsInBhZ2UiOiJwdWJsaWNhdGlvbiIsInByZXZpb3VzUGFnZSI6InNlYXJjaCIsInBvc2l0aW9uIjoicGFnZUhlYWRlciJ9fQ
http://dx.doi.org/10.3390/w15183230
http://dx.doi.org/10.1002/bip.10163
http://dx.doi.org/10.1016/S0031-9422(00)84884-0
http://dx.doi.org/10.3390/agronomy10040479
http://dx.doi.org/10.1007/s00216-020-03094-6
http://dx.doi.org/10.1007/s00216-020-03094-6
http://dx.doi.org/10.1016/j.carbpol.2013.01.074
http://dx.doi.org/10.3390/ma6010299
http://dx.doi.org/10.3390/s17071469
http://dx.doi.org/10.3390/polym13070994
http://dx.doi.org/10.1186/s42397-022-00117-8
http://dx.doi.org/10.3390/polym13070994
http://dx.doi.org/10.1186/s42397-022-00117-8
http://dx.doi.org/10.1007/s12221-023-00448-6
http://dx.doi.org/10.1007/s12221-023-00448-6
http://dx.doi.org/10.1111/nph.17612

Khedidja Abdellaoui, Hanine Berkani/ IJCESEN 11-4(2025)7244-7259

[62]Merah, O., Sayed, B., Talou, T., Saad, Z., Cerny, M.,
Grivot, S., Evon, P., & Hijazi, A. (2020).
Biochemical composition of cumin seeds, and
biorefining study. Biomolecules, 10(7), 1054.
DOI: 10.3390/biom10071054

[63]Baserga, F., Vorkas, A., Crea, F., Schubert, L.,
Chen, J.-L., Redlich, A., La Greca, M., Storm, J.,
Oldemeyer, S., Hoffmann, K., Schlesinger, R., &
Heberle, J. (2022). Membrane protein activity
induces specific molecular changes in nanodiscs
monitored by FTIR difference spectroscopy.
Frontiers in Molecular Biosciences, 9, 915328.
DOI: 10.3389/fmolb.2022.915328

[64]He, Z., Nam, S., Zhang, H., & Olanya, O. M. (2022).
Chemical composition and thermogravimetric
behaviors of glanded and glandless cottonseed
kernels. Molecules, 27(1), 316.
DOI: 10.3390/molecules27010316

[65]Jordan, J. H., Cheng, H. N., Easson, M., Yao, W.,
Condon, B. D., & Gibh, B. C. (2021). Effect of
nanocellulose on the properties of cottonseed
protein isolate as a paper strength agent. Materials,
14(15), 4128. DOI:10.3390/mal14154128

[66]Zhou, L., Wu, Q., Yang, Y., Li, Q. Li, R., & Ye, J.
(2024). Regulation of oil biosynthesis and genetic
improvement in plants: Advances and prospects.
Genes, 15(9), 1125. DOI: 10.3390/genes15091125

[67]Tessema, T. A., Tadesse, A., Workneh, G. A., &
Gabriel, T. (2023). Physicochemical
characterization of cellulose and microcrystalline
cellulose from Cordia africana Lam. seeds.
Journal of Natural Fibers, 20(2), 2198278.
DOI: 10.1080/15440478.2023.2198278

[68]Kosmala, M., Milala, J., & Karlinska, E. (2025,
April). Polysaccharide composition of dietary fiber
during raspberry and blackberry juice production.
Preprints. DOI:10.20944/preprints202504.1661.v1

[69]Zhu, F. (2020). Dietary fiber polysaccharides of
amaranth, buckwheat and quinoa grains: A review
of chemical structure, biological functions and food
uses. Carbohydrate Polymers, 248, 116819. DOI
:10.1016/j.carbpol.2020.116819

[70]1Bhambhani, S., Kondhare, K., & Giri, A. P. (2021).
Diversity in chemical structures and biological
properties of plant alkaloids. Molecules, 26(11),
3374. DOI : 10.3390/molecules26113374

[71]Liu, Q., Luo, L., & Zheng, L. (2018). Lignins:
Biosynthesis and biological functions in plants.
International Journal of Molecular Sciences, 19(2),
335. DOI : 10.3390/ijms19020335

[72]zardari, M. A., Mukwana, L. C., Nasir, B., Memon,
... (2025). Variability in cotton fiber quality under
innovated and traditional farming systems.
Research Journal for Social Affairs, 3(2), 311-321.
DOI : 10.71317/RJSA.003.02.0152

[73]Avci, U., Pattathil, S., Singh, B., Brown, J. L., Hahn,
M. G., & Haigler, C. H. (2013). Cotton fiber cell
walls of Gossypium hirsutum and Gossypium
barbadense have differences related to loosely-
bound xyloglucan. PLOS ONE, 8(2), e56315.

[74]Liu, Y., Ge, C., Su, Z., Chen, Z., Gao, C., Gong, H.,
Xu, W., Xu, D., & Liu, K. (2022). Enhancing the
spun yarn properties by controlling fiber stress

7259

distribution in the spinning triangle with rotary
heterogeneous contact surfaces. Polymers, 15(1),
176. DOI : 10.3390/polym15010176

[75]Zhang, T., Qian, N., Zhu, X., Chen, H., Wang, S.,
Mei, H., & Zhang, Y.-M. (2013). Variations and
transmission of QTL alleles for yield and fiber
qualities in upland cotton cultivars developed in
China. PLOS ONE, 8(2), e57220.
DOI: 10.1371/journal.pone.0057220

[76]Nassar, A., Banna, A., Negm, M., El Bagoury, M.,
& Rania, A. (2022). Technological evaluation for

Egyptian cotton advanced strains. Egyptian
Academic Journal of Biological Sciences. H.
Botany, 13(1), 25-32. DOl

: 10.21608/eajbsh.2022.222220

[77]Pit, H.-y. T. (2024). A reflection on Hong Kong’s
yellow economic circle. Inter-Asia Cultural
Studies, 25(3), 1-20. DOl
: 10.1080/14649373.2024.2336729

[78]Bourland, F. M., Hogan, R., Jones, D. C., & Barnes,
E. M. (2010). Development and utility of Q-score
for characterizing cotton fiber quality. Journal of
Cotton Science, 14(2), 53-63.

[79]El Messiry, M., & Abd-Ellatif, S. A. M. (2013).
Characterization of Egyptian cotton fibres. Indian
Journal of Fibre & Textile Research, 38(1), 109-
113.

[80]Ebaido, I. A. (2023). Ranking and fiber quality
norms of Egyptian cottons based on AHP and K-
means. IOSR Journal of Polymer and Textile
Engineering (IOSR-JPTE), 10(1), 1-10.

[81]Sarker, B., & Chakraborty, S. (2021). Discriminant
analysis-based modeling of cotton fiber and yarn
properties. Research Journal of Textile and
Apparel. Advance online publication.
DOI:10.1108/RJTA-08-2020-0092

[82]Istipliler, D., Ekizoglu, M., Cakalogullari, U., &
Tatar, O. (2024). The impact of environmental
variability on cotton fiber quality: A comparative
analysis of primary cotton-producing regions in

Tiirkiye. Agronomy, 14(6), 1276.DOI
: 10.3390/agronomy14061276
[83]Mwamahonje, A., Mdindikasi, Z., Mchau, D.,

Mwenda, E. T., Sanga, D., Garcia-Oliveira, A. L.,
& Ojiewo, C. (2024). Advances in sorghum
improvement for climate resilience in the global
arid and semi-arid tropics: A review. Agronomy,
14(12), 3025. DOI : 10.3390/agronomy14123025



http://dx.doi.org/10.3390/biom10071054
http://dx.doi.org/10.3389/fmolb.2022.915328
http://dx.doi.org/10.3390/molecules27010316
http://dx.doi.org/10.3390/ma14154128
http://dx.doi.org/10.3390/genes15091125
http://dx.doi.org/10.1080/15440478.2023.2198278
http://dx.doi.org/10.20944/preprints202504.1661.v1
http://dx.doi.org/10.1016/j.carbpol.2020.116819
http://dx.doi.org/10.3390/molecules26113374
http://dx.doi.org/10.3390/ijms19020335
http://dx.doi.org/10.3390/polym15010176
http://dx.doi.org/10.1371/journal.pone.0057220
http://dx.doi.org/10.21608/eajbsh.2022.222220
http://dx.doi.org/10.1080/14649373.2024.2336729
http://dx.doi.org/10.1108/RJTA-08-2020-0092
http://dx.doi.org/10.3390/agronomy14061276
http://dx.doi.org/10.3390/agronomy14123025

