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RESEARCH ARTICLE

Synergistic Effects of Integrated Organic and
Mineral Fertilization on Soil Nutrient Dynamics
and Cotton Productivity in Irrigated
Meadow-Alluvial Soils of Arid Uzbekistan

Djalilova Gulnora Tulkunovna® *, Rakhimov Khurmat Nurmatovich

Department of Soil Science, National University of Uzbekistan, Tashkent, Uzbekistan

ABSTRACT

A field experiment was conducted in 2019-2021 in the Shavat district of the Khorezm region, Uzbekistan, to determine
how mineral fertilizers combined with farmyard manure affect nutrient availability and cotton productivity in old-
irrigated meadow-alluvial soils. Five fertilizer treatments were tested under furrow irrigation in a randomized complete
block design with three replications. Soil nutrient status, nutrient accumulation in cotton organs, growth parameters, and
seed cotton yield were evaluated. The treatment NogoP150K100 + 25 t ha’ manure gave the strongest agronomic response.
In this treatment, the 0-30 cm soil layer contained higher nitrate nitrogen, available phosphorus, and exchangeable
potassium during the main growth stages, and cotton plants accumulated more N, P, and K in leaves, stems, and bolls.
The highest mean yield was 34.8 ¢ ha'l, which exceeded the unfertilized control by 86.1%. A further increase in mineral
fertilizer rate did not improve yield. Under the studied conditions, the balanced mineral-organic regime was more
effective than the highest mineral fertilizer input.

Keywords: Cotton yield, Farmyard manure, Khorezm region, Meadow-alluvial soil, Nutrient uptake

Introduction

Cotton is widely cultivated for fiber production
and also has value as a source of seed oil and feed
by-products. > Among cultivated cotton species,
Gossypium hirsutum L. remains the dominant
species in global production.® In Uzbekistan, cotton
continues to be one of the main crops of irrigated
agriculture.* In the Khorezm region, its productivity
is closely linked with irrigation regime, soil fertility,
and the availability of mineral nutrients during the
growing season.

Under intensive irrigated farming, fertilizer
management directly affects cotton yield formation
and the maintenance of soil fertility.> The use of
organic inputs together with mineral fertilizers

can improve the humic status of the soil and
reduce organic matter depletion under long-term
cultivation.® At the same time, nutrient management
should supply available elements during the main
growth stages of cotton without creating excessive
nutrient losses under irrigation.”

Nitrogen is one of the main yield-forming nutrients
in cotton, and its application affects both yield
level and nitrogen-use efficiency.®'° The optimal
nitrogen rate is not universal; it changes depending
on soil properties, irrigation conditions, and crop
management, with many studies reporting effective
rates within the range of 200-300 kg N ha!.!l-13
However, nitrogen input above crop demand
may reduce nitrogen-use efficiency and disturb
physiological balance.'*'” In cotton production
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systems, excessive nitrogen has also been associated
with delayed maturation, excessive vegetative
growth and less stable yield formation.'®-2° Similar
physiological responses to nitrogen imbalance have
also been reported in other crop systems, confirming
that the nitrogen rate should be adjusted to crop
demand and local growing conditions.?!?2

Other macronutrients, particularly phosphorus and
potassium, are also required for stable cotton pro-
ductivity under irrigated conditions.?® Phosphorus is
involved in root development, energy transfer, and
reproductive growth, while organic matter applica-
tion can influence phosphorus status in calcareous
soils. 24-26 Its availability in alkaline irrigated soils can
be limited by fixation processes, which makes the re-
sponse to phosphorus fertilization strongly dependent
on local soil conditions.?”->® When phosphorus input
is not balanced with crop demand, its accumulation
may also increase environmental risks. %’

Potassium is important for osmotic regulation,
enzyme activity, and stress tolerance in cotton
plants.®°-*2 Under arid irrigated conditions, potas-
sium uptake may vary during the season because
soil moisture, ion mobility, and root-zone conditions
are not constant. *>->° This is particularly relevant for
meadow-alluvial soils cultivated under furrow irriga-
tion, where nutrient availability may change between
irrigation events.

Despite extensive research on nitrogen, phosphorus
and potassium management in cotton production sys-
tems, fertilizer response remains highly site-specific
and strongly dependent on soil properties and ir-
rigation regimes.®'® Therefore, regionally adapted
fertilization strategies are required. This is particu-
larly relevant for irrigated meadow-alluvial soils of
the Shavat district (Khorezm region), characterized
by long-term irrigation history and risks of sec-
ondary salinization. Under such conditions, general-
ized fertilization recommendations and conventional
mineral-based fertilizer regimes may be insufficient,
because they do not fully account for the specific
constraints of old-irrigated meadow-alluvial soils,
including alkaline reaction, limited organic matter
reserves, reduced phosphorus availability, and nu-
trient losses under furrow irrigation.?”-?® Moreover,
previous studies have mainly emphasized the role
of individual mineral nutrients in cotton production,
whereas the combined effects of mineral fertilizers
and organic manure on soil nutrient dynamics, plant
nutrient accumulation, and yield performance under
the local conditions of the Shavat district remain in-
sufficiently quantified.

This study contributes to the local literature by
providing a three-year field evaluation of inte-
grated mineral and organic fertilization in irrigated
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meadow-alluvial soils of the Shavat district, with
simultaneous assessment of soil nutrient dynamics,
plant nutrient accumulation, and cotton yield.

We hypothesized that the combined application of
mineral fertilizers and organic manure would im-
prove soil nutrient availability (nitrate N, available
P, and exchangeable K), enhance plant nutrient accu-
mulation, and increase cotton yield more effectively
than mineral fertilization or manure alone in irrigated
meadow-alluvial soils of the Shavat district.

The objective of this study was to evaluate the
effects of different rates of mineral fertilizers in
combination with organic manure on soil nutrient
dynamics, plant nutrient accumulation, and cotton
yield in irrigated meadow-alluvial soils of the Shavat
district during 2019-2021.

Materials and methods

The field experiment was established on old-
irrigated meadow-alluvial soil in the Shavat district of
the Khorezm region, Republic of Uzbekistan. Before
sowing in spring 2019, composite soil samples were
collected from the 0-30 cm and 30-50 cm layers to
describe the initial condition of the experimental site.
The soil had a loamy texture. In the 0-30 cm layer,
soil pH was 7.6 in a 1:2.5 soil-to-water suspension,
EC was 1.3 dS m’!, organic matter content was
1.52%, nitrate nitrogen was 7.8 mg kg!, available
P,05 was 28.0 mg kg, and exchangeable K,O was
217 mg kg!. Total N, P, and K were 0.10%, 0.95%
and 1.41%, respectively. These baseline properties
are shown in Table 1.

Table 1. Initial physical and chemical properties of the experimental
soil before the 2019 growing season.

Parameter Unit Value
Soil type - Old-irrigated meadow-
alluvial soil

Texture - Loamy
pH (1:2.5 soil:water) - 7.6
Electrical conductivity (EC) dS/m 1.3
Organic matter % 1.52
Nitrate nitrogen (NO3™-N) mg/kg 7.8
Available phosphorus (P20s)  mg/kg 28.0
Exchangeable potassium (K2O) mg/kg 217
Total N % 0.10
Total P % 0.95
Total K % 1.41

The cotton variety Khorezm-127 was used through-
out the 2019-2021 field experiment. This medium-
maturing variety was selected because it is adapted
to the irrigated conditions of the Khorezm region. Its
vegetation period is about 120-130 days, with a boll
weight of 6.0-6.5 g, fiber yield of 36.5-38.4%, and
1000-seed weight of 122-132 g.
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Table 2. Field Experiment System (fertilizer application rates and timing).

Annual Fertilizer

At the emergence

. Rate, kg ha! Pre-winter Plowing At Sowing  of 3-4 true leaves = Budding Flowering
Experimental
Variants N P K Manure, t ha'l P K N P N N K
Control - - - - - - - - - - -
Ni150P150K150 + 150 150 150 25 100 120 60 50 40 50 30
25 t ha'l manure
N200P150K100 + 200 150 100 25 100 75 125 50 20 55 25
25 t ha'l manure
NasoP175Ki125 + 250 175 125 25 100 75 100 75 70 80 50
25 t ha'l manure
25 t ha'! manure - - - 25 - - - -

The experiment was laid out as a randomized
complete block design with three replications. Five
fertilizer treatments were tested, and each treatment
appeared once in each block. In total, the experiment
included 15 plots. Each plot occupied 180 m? (7.2
m x 25 m), with 0.9 m between rows. The net plot
area was 2700 m?, while the full experimental area,
including guard rows and spaces between plots, was
3240 m?.

Farmyard manure was incorporated before the first
growing season, and its residual effect was followed
in 2020 and 2021. Mineral fertilizers were applied
with a cultivator in split doses. At the early growth
stage, fertilizers were placed 15-18 cm from the plant
row. During flowering, they were placed 25-30 cm
from the stem and 3-5 cm below the bottom of the
irrigation furrow.

Statistical analysis. Treatment effects were tested
by one-way ANOVA, using fertilizer treatment as the
main factor. Before analysis, the data were checked
for normal distribution and homogeneity of variance.
When significant differences were found, treatment
means were separated by the LSD test at P < 0.05.
Results are presented as mean =+ standard error (SE).

The experiment was carried out under arid
continental conditions. According to the Urgench
meteorological station, the mean air temperature
during the cotton-growing period from April to
September in 2019-2021 was 23.0 °C, and total
precipitation was 42.6 mm. July was the hottest and
driest month, with a mean temperature of 29.9 °C and
only 1.8 mm of precipitation. Because rainfall was
not sufficient for cotton growth, furrow irrigation
was applied 5-6 times per season, depending on soil
moisture and crop development.

Fertilizers were applied in split doses according to
the cotton growth stage. Phosphorus and potassium
were mainly applied before sowing or at sowing. Ni-
trogen was supplied during early vegetative growth,
budding and flowering. The detailed rates and timing
of fertilizer application for each treatment are given
in Table 2.

Plant observations included plant height, number
of fruiting branches, buds, flowers, and bolls, and
final seed cotton yield. The last fertilizer application
was made during flowering and repeated after 12-14
days according to the treatment schedule.

The analyses of soil and plant samples were carried
out according to standard procedures described in Ar-
inushkina’s Manual on Soil Chemical Analysis. Field
experiments followed the relevant methodological
guidelines for cotton field trials under irrigated con-
ditions. Soil pH was determined potentiometrically in
a 1:2.5 soil-to-water suspension (unitless). Electrical
conductivity (EC) was measured in the soil-water ex-
tract and expressed in dS m™!. Organic matter content
was determined by the Tyurin method and expressed
as %. Nitrate nitrogen (NO3™-N) was determined col-
orimetrically and expressed as mg kg'. Available
phosphorus was determined as P,Os by the Machigin
method (extraction with ammonium carbonate solu-
tion) and expressed as mg kg!. Exchangeable potas-
sium was extracted with 1 N ammonium acetate and
determined by flame photometry as KO (mg kg™).

Results and discussion

The study area is located in the Shavat district of the
Khorezm region, northwestern Uzbekistan. Uzbek-
istan is situated in Central Asia between the Amu
Darya and Syr Darya rivers and is characterized by
arid continental climatic conditions that strongly in-
fluence agricultural production systems. *°

Irrigated meadow-alluvial soils are classified into
old-irrigated and newly irrigated soils based on
the duration of irrigation. Morphological features
of old-irrigated soils include an upper layer (60-70
cm, sometimes more) composed of agro-irrigation
deposits, usually having a uniform color and a homo-
geneous loamy structure. Newly irrigated soils exhibit
a recently developed soil layer beneath the plow
layer, with horizons differing in mechanical compo-
sition and consisting of various lithological deposits.
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These soils show modern signs of moisture influence,
such as rusty and dark gray shades, and in some cases,
salt accumulation.

Experiments were conducted on old-irrigated
meadow-alluvial soils using the Khorezm-127 cotton
variety under five differentiated fertilizer application
variants: a control variant (without fertilizers), vari-
ant 2 - NisoPisoKiso + 25 t ha' manure, variant
3 - NgoPi150Ki00 + 25 t ha! manure, variant 4 -
NosoP175Ki25 + 25 t ha' manure, and variant 5 -
manure only (25 t ha'l).

Nitrogen, phosphorus, and potassium play different
roles in cotton growth, but their effect in this experi-
ment depended on fertilizer balance and soil moisture
conditions. Under arid irrigated conditions, nutrient
availability may change during the season because
soil moisture and ion mobility are not constant. This
explains why the combined mineral-organic treat-
ments showed stronger responses than the control
and manure-only treatment. Its deficiency slows plant
development and delays maturation. According to
some data, cotton requires an average of 7 to 10
kg of P;0s5 per bale of fiber, corresponding to the
recommended fertilizer application rates of 50 to 75
kg ha'.?” Phosphorus uptake occurs similarly to ni-
trogen absorption and runs parallel to dry matter
accumulation. The primary phosphorus reservoir in
plants is seeds, which contain about half of the total
phosphorus content.

Under phosphorus deficiency, cotton reproductive
development is affected more strongly than veg-
etative growth, because boll formation requires a
continuous supply of this element. Potassium is also
important under arid conditions, as it helps maintain
cell water balance and supports plant resistance to
moisture stress.

Potassium can be applied in the form of potassium
chloride (KCI) or potassium sulfate (K3SO,), with the
method of application (broadcast or banding) having
little effect on fertilizer efficiency. However, cotton
roots grow less actively towards potassium sources
than towards phosphorus and nitrogen. Therefore, for
maximum absorption, potassium should be applied in
the same band as phosphorus or nitrogen.

The study examined the effects of fertilizer rates
on cotton growth, development, and yield. The appli-
cation of mineral and organic fertilizers influenced
the nitrate nitrogen, available phosphorus, and ex-
changeable potassium content in soil layers of 0-30
cm and 30-50 cm. In the first year of the experiment
(2019), nitrate nitrogen content in the 3-4 true leaf
phase was: in the control variant (without fertilizers)
- 7.4 mg/kg (0-30 cm) and 5.1 mg/kg (30-50 cm); in
variant 2 (N150P150K150 + 25 t ha'l manure) - 9.6 and
7.1 mg/kg, respectively; in variant 3 (N2goP150K100

BAGHDAD SCIENCE JOURNAL 2026;23(6):2035-2046

Table 3. Changes in topsoil (0-30 cm) properties before and after
fertilizer application.

Parameter Before experiment  After experiment
Humus (%) 1.52 1.63
Total N (%) 0.10 0.11
Total P (%) 0.95 0.88
Total K (%) 1.41 1.31
Available P;05 (mg/kg) 28.0 35.0
Available K20 (mg/kg) 217 231

+ 25 t ha'! manure) - 9.5 and 6.7 mg/kg; in variant
4 (No5oP175K105 + 25t ha'! manure) - 9.8 and 6.5
mg/kg; in variant 5 (25 t ha! manure only) - 9.1
and 6.1 mg/kg. During the budding phase, nitrate
nitrogen content increased: in the control variant -
up to 8.6 and 5.4 mg/kg, in variant 2 - 11.2 and
7.3 mg/kg, in variant 3 - 11.9 and 7.6 mg/kg, in
variant 4 - 11.5 and 7.4 mg/kg, in variant 5 - 9.5 and
6.8 mg/kg. In the flowering phase, maximum values
were recorded in variants 3 (NogoP150K100 + 25 t ha'!
manure) - 13.8 and 8.4 mg/kg and 4 (Nas50P175K125
+ 25 t ha! manure) - 13.6 and 8.1 mg/kg. By the
end of the growing season, nitrate nitrogen levels
decreased: in the control variant - 7.1 and 4.9 mg/kg,
in variant 2 - 9.5 and 6.9 mg/kg, in variant 3 - 9.7
and 6.9 mg/kg, in variant 4 - 9.6 and 6.6 mg/kg,
in variant 5 - 8.4 and 5.8 mg/kg. In the second and
third years of the experiment, changes in available
phosphorus and exchangeable potassium content in
the soil were studied. The seasonal pattern recorded
in 2019 was comparable with reports from irrigated
cotton systems, where nitrate availability usually
increases during active growth and then decreases
toward maturity as a result of plant uptake, irrigation
movement and possible leaching.13,20 In the present
experiment, the increase at budding and flowering
and the subsequent decline at the end of vegetation
indicate that the fertilizer effect was strongest during
the period of high nutrient demand. Changes in top-
soil (0-30 cm) properties before and after fertilizer
application are presented in Table 3.

As shown in Table 3, the integrated application of
mineral fertilizers and manure improved the nutri-
ent availability in the plow layer (0-30 cm). Humus
content increased, and the available forms of phos-
phorus (P20s) and potassium (K;O) also increased,
indicating enhanced soil fertility status under irri-
gated conditions. In contrast, total P and total K
showed slight reductions, which may be attributed
to intensive nutrient uptake by cotton and redistri-
bution of nutrients in the soil profile under furrow
irrigation; moreover, total nutrient pools are rel-
atively conservative and may not increase over a
short-term period compared with the more responsive
available fractions. The observed increase in humus
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Fig. 1. Seasonal dynamics of soil nitrate nitrogen (NO3™-N, mg kg') in the 0-30 cm layer of meadow-alluvial soil under different fertilizer
treatments during 2019-2021. Values represent treatment means based on three replications. Statistical significance was assessed by

ANOVA followed by the LSD test at P < 0.05.
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2019-2021. Values represent treatment means based on three replications. Statistical significance was assessed by ANOVA followed by the
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Fig. 3. Seasonal dynamics of exchangeable potassium (K»O, mg kg™!) in the 0-30 cm layer of meadow-alluvial soil under different fertilizer
treatments during 2019-2021. Values represent treatment means based on three replications. Statistical significance was assessed by

ANOVA followed by the LSD test at P < 0.05.

content under combined mineral and organic fertil-
ization is consistent with previous studies reporting
improved soil organic matter status under integrated
nutrient management systems. '*>-'° Similar increases
in available phosphorus and potassium following
manure application have been documented in irri-
gated cotton systems, where organic inputs enhance
nutrient mineralization and microbial activity.'®'®
This pattern is consistent with the positive changes
observed in the present study and is supported by es-
tablished agronomic mechanisms. Statistical analysis

confirmed treatment-related differences in available
phosphorus and exchangeable potassium in the top-
soil layer (P < 0.05).

It was found that the highest nutrient content
was recorded in the second year (2020), during
the cotton flowering phase, in the upper 0-30 cm
soil layer in Figs. 1, 2, 3. Thus, the application of
mineral and organic fertilizers contributes to an
increase in the content of essential nutrients in the
soil, which positively affects the growth and yield of
cotton.



2040

BAGHDAD SCIENCE JOURNAL 2026;23(6):2035-2046

Table 4. Nitrogen, phosphorus and potassium content in cotton organs at the end of the growing season (mean of 2019-2021).

Treatment Leaf N (%) LeafP (%) Leaf K (%) Stem N (%) StemP (%) Stem K (%) BollN (%) BollP (%) Boll K (%)
Control 0.97 0.18 1 0.40 0.29 0.80 0.49 0.35 1.96
Nis0P150Ki50 + 1.69 0.79 1.87 0.47 0.44 1.81 0.65 0.47 2.14
25 t hal manure

N200P150K100 + 2.00 0.81 2.03 0.57 0.54 1.88 0.79 0.67 2.33
25 t hal manure

NosoP175K125 + 1.78 0.80 1.91 0.49 0.44 1.78 0.69 0.56 2.19
25 t hal manure

25 t hal manure 1.25 0.27 1.28 0.42 0.40 1.10 0.54 0.39 2.00

Note: Values represent means of three growing seasons (2019-2021). Differences among fertilizer treatments were assessed using

one-way ANOVA at P < 0.05.

Fertilizer rates affected nitrogen accumulation in
cotton organs. In the control treatment, nitrogen
content was 0.97% in leaves, 0.40% in stems, and
0.49% in bolls. The highest values were recorded
under NsgoP1s50Kioo + 25 t hal manure, where
nitrogen reached 2.00% in leaves, 0.57% in stems,
and 0.79% in bolls. In the manure-only treatment,
nitrogen accumulation was higher than in the control,
but lower than in the combined mineral-organic
treatments.

The values presented in Figs. 1 to 3 are treatment
means based on three replications, and statistical
significance among treatments was evaluated using
ANOVA followed by the LSD test at P < 0.05.

Table 4 summarizes the N, P and K concentrations
in cotton leaves, stems and bolls at the end of the
growing season. Fertilizer application increased
nutrient accumulation in all plant organs compared
with the control. The highest values were mostly
recorded under NypoPi50Ki00 + 25 t hal manure.
For example, leaf N increased from 0.97% in the
control to 2.00%, while boll K increased from 1.96%
to 2.33%. The differences among treatments were
significant at P < 0.05.

The stronger response of NogoP150K100 + 25 t ha
manure can be explained by the joint effect of min-
eral and organic nutrient sources. Mineral fertilizers
supplied readily available N, P, and K during active
growth stages, while manure likely supported a more
gradual nutrient release in the root zone. This combi-
nation may explain why Variant 3 performed better
than the manure-only treatment and did not require
the highest mineral fertilizer rate. >

The synergistic effect under combined mineral-
organic fertilization can be explained not only by
complementary nutrient release patterns, but also
by manure-induced improvements in soil structure
and biological activity. Mineral fertilizers provide
immediately available nutrients during early growth
stages, ensuring rapid vegetative development. In
contrast, organic manure promotes the formation of
a more stable soil structure, improves aggregation
and porosity, and enhances water retention, thereby

creating more favorable conditions for root growth
and nutrient diffusion in the root zone. At the same
time, manure stimulates microbial activity, which ac-
celerates the mineralization of organic compounds
and supports the transformation and mobilization of
nitrogen, phosphorus, and potassium into more plant-
available forms. In this experiment, this combined
effect was reflected in higher N, P, and K concentra-
tions in cotton organs and in the higher yield obtained
in Variant 3.

Phosphorus accumulation also increased under
fertilizer application. In the control treatment, P
concentration was 0.18% in leaves, 0.29% in stems,
and 0.35% in bolls. Under NjgoP150Ki00 + 25 t
ha! manure, these values increased to 0.81%,
0.54% and 0.67%, respectively. The manure-only
treatment showed lower P values than the combined
mineral-organic treatments, indicating that manure
alone was not sufficient to meet cotton phosphorus
demand under the studied conditions. This response
is consistent with the role of phosphorus in cotton
reproductive development. 39!

Potassium content in the control treatment was
1.00% in leaves, 0.80% in stems, and 1.96% in bolls.
The application of Ny50P150K150 + 25 t ha! manure
increased potassium levels to 1.87% in leaves, 1.81%
in stems, and 2.14% in bolls. The highest potas-
sium accumulation was observed in the NoggP150K100
+ 25 t ha! manure treatment, where leaf potas-
sium reached 2.03%, stem potassium 1.88%, and boll
potassium 2.33%. In the Ny5oP175K125 + 25 tha! ma-
nure treatment, potassium content was slightly lower,
amounting to 1.91% in leaves, 1.78% in stems, and
2.19% in bolls. In the manure-only treatment (25 t
ha!), potassium levels were 1.28% in leaves, 1.10%
in stems, and 2.00% in bolls.

Cotton is considered a potassium-demanding crop,
as potassium plays a key role in osmotic regulation
and maintenance of cell turgor.*? The increase in
potassium content in cotton organs with fertilizer ap-
plication reflects improved mineral nutrition.

According to the obtained data, the best and
most stable results were observed in Variant 3 with
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Fig. 4. Effect of fertilizer treatments on cotton growth parameters (number of true leaves, buds and fruiting branches per plant) in 2019.

fertilizer application. In other variants, where the
amount of mineral fertilizers was higher than in
Variant 3, no improvement was observed, which
indicates the “law of diminishing returns”. The
comparison of Variant 3 and Variant 4 shows that
the higher fertilizer dose was not more effective.
Although Variant 4 received more mineral fertilizer,
it did not provide higher nutrient accumulation or
yield. Under furrow irrigation, this may indicate
lower fertilizer-use efficiency and a greater risk of
nutrient losses, especially in meadow-alluvial soils
with possible secondary salinization. *>

Fertilizer treatments influenced early cotton
growth. By June 1, the control plants had 5.2 true
leaves, while fertilized treatments had 6.1-7.1 leaves.
Bud formation followed the same pattern: the control
had 2.1 buds, whereas fertilized variants reached
up to 7.1 buds. One of the important indicators in
cotton is the formation of fruiting branches, where
bolls can develop. By August 1, their number in
the unfertilized variant reached 2.8, while in the
fertilized variants, it ranged from 5.2 to 14.3. The
best results were observed in Variant 3 with the
application of N2ogoP150Ki00 + 25 t ha'l manure. It
should be noted that the combined application of
mineral and organic fertilizers increases the number
of buds, which may indicate that the plant is ready
for reproductive processes. The integrated use of
fertilizers (mineral + organic) stimulates the growth
of vegetative mass, improves photosynthesis, and
leads to the formation of a greater number of leaves,
buds, fruiting branches, and bolls, which can play
an important role in cotton yield formation. The
application of integrated fertilization enhances the
growth of agricultural crops, including cotton, due
to improved nutrient uptake. >

During the course of the experiments, the amount of
accumulated dry matter was calculated. Observations
revealed that in the early phase of vegetation, dry
matter accumulation occurs more slowly, but then
its rate increases. The dry leaf mass in the variant
without fertilizers ranged from 14.0 to 14.7 g, while
the best results were observed in Variant 3, where it
reached up to 28.6 g. A similar pattern was observed
in the dry mass of stems and bolls, which influenced
the total dry matter accumulation by the end of
the vegetation period. For instance, in the variant
without fertilizers, the accumulated dry mass was
54.1-57.3 g, whereas in the most optimal variant
(Variant 3), it amounted to 124.2 g. This process is
explained by the fact that in the early stages of cotton
development, metabolic activity is limited due to the
insufficient formation of vegetative organs capable
of participating in photosynthesis, and thus the rate
of dry matter accumulation is very low.*° When the
plants begin to grow intensively (under favorable
nutrient conditions), the leaf surface area increases,
activating metabolism and photosynthesis, which
leads to biomass accumulation. Based on this, it can
be noted that the combined application of mineral
and organic fertilizers results in the highest increase
in dry matter, which contributes to higher cotton
yields. The obtained results are consistent with
those of other researchers. For example, according
to the findings of Fageria et al., the integrated
application of fertilizers contributed to dry matter
accumulation by enhancing root growth,>® which in
turn improved nutrient availability from the soil and
increased metabolic and photosynthetic activity.*?
The effect of fertilizer treatments on cotton growth
parameters in 2019 is presented in Fig. 4. The
corresponding effect of fertilizer treatments on
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Fig. 5. Effect of fertilizer treatments on cotton growth parameters (number of true leaves, buds and fruiting branches per plant) in 2021.

Table 5. Effect of fertilizer treatments on cotton yield (2019-2021).

Treatment 2019 2020 2021 Mean =+ SE

Control 19.3 18.9 17.8 18.7+ 0.45c
N150P150K150 + 25 t hal manure 32.4 33.8 32.6 32.9+ 0.44 b
N2ooP150K100 + 25t ha! manure 34.2 36.1 34.0 34.84 0.67 a
NasoP175K125 + 25 t hal manure 30.1 32.2 31.1 31.1+ 061 b
25 t ha'! manure 24.5 25.2 23.7 24.54+ 0.43 d

Note: Values are means + SE averaged over three growing seasons (2019-2021).
The overall effect of fertilizer treatment on cotton yield was significant according
to one-way ANOVA (P < 0.001). Means followed by different letters are

significantly different at P < 0.05 according to the LSD test.

Table 6. Partial factor productivity (PFP) and agronomic efficiency (AE) of mineral

nutrients in cotton under different fertilizer treatments.

Treatment PFP-N AE-N PFP-P AE-P PFP-K
Ni1s0P150Ki50+ 25 t ha! manure 21.9 9.47 21.9 9.47 21.9
N2ooP150K100 + 25 t hal manure 17.4 8.05 23.2 10.7 34.8
NosoP175K125 + 25 t ha! manure 12.4 4.96 17.8 7.09 24.9

Note: PFP - partial factor productivity (yield per unit of applied nutrient).
AE - agronomic efficiency [(Yield_treatment - Yield_control) / nutrient rate].

cotton growth parameters in 2021 is shown in
Fig. 5.

One-way ANOVA showed a significant effect of
fertilizer treatment on cotton yield (P < 0.001).
The highest mean yield was recorded in Variant 3
(N2ooP150K100 + 25t ha'l manure), reaching 34.8 +
0.67 ¢ ha! Table 5. According to the LSD test at P <
0.05, this value was significantly higher than those
of Variant 2 (32.9 + 0.44 c hal), Variant 4 (31.1
+ 0.61 c hal), the manure-only treatment (24.5 +
0.43 c hal), and the control (18.7 £+ 0.45 ¢ hal).
The annual and mean seed cotton yield values for all
fertilizer treatments are summarized in Table 5.

To further evaluate fertilizer-use efficiency, partial
factor productivity (PFP) and agronomic efficiency
(AE) were calculated for the mineral fertilizer treat-
ments. These results are presented in Table 6.

The nutrient efficiency indices followed the yield
pattern. PFP-N decreased as nitrogen rate increased,
and AE-N was lower in Variant 4 than in Variant
2. Variant 3 did not have the highest PFP-N, but it
showed a better balance between yield and efficiency
for phosphorus and potassium, which corresponds to
its highest cotton yield.

The yield results show that Variant 3 provided the
most favorable balance between fertilizer input and
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crop response. Variant 4 received a higher mineral
fertilizer rate, but its yield was lower than that of
Variant 3. This indicates that cotton productivity was
determined not by the maximum fertilizer dose, but
by the balance between N, P, K and manure under
the studied soil and irrigation conditions. Similar
responses have been reported in irrigated cotton sys-
tems, where excessive nitrogen reduced nutrient-use
efficiency and yield stability. '*?° Excess fertilizer in-
put under furrow irrigation may also increase the
risk of nutrient losses and localized salt accumula-
tion in the root zone of meadow-alluvial soils.** The
manure-only treatment produced a higher yield than
the control, but it did not reach the level of the com-
bined mineral-organic treatments. **

Conclusion

The three-year field experiment showed that
mineral-organic fertilization improved soil nutrient
availability, nutrient accumulation in cotton organs,
and seed cotton yield in old-irrigated meadow-
alluvial soil of the Shavat district. Among the tested
treatments, NogoP150Ki00 + 25 t hal manure gave
the highest mean yield, 34.8 ¢ ha!, and the most
favorable nutrient response. Increasing the mineral
fertilizer rate to N2soP175K;125 did not increase yield,
indicating that the highest input was not the most effi-
cient option under the studied conditions. The results
suggest that balanced mineral fertilization combined
with manure is more suitable for cotton production in
these soils than applying the maximum fertilizer dose.
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