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ABSTRACT

Cotton is a cornerstone of Egypt's agriculture, but its productivity in heavy clay soils is severely constrained
by the immobilization of essential nutrients, especially nitrogen (N) and micronutrients such as boron (B).
Therefore, the present study aimed to evaluation nitrogen sources including urea (130 kg/fedd.), ammonium
sulfate (285.7 kg/fedd.) and ammonium nitrate (179.1 kg/fedd.) alone and in combination with boron sources
including boric acid (0.68 g/L), sodium borate (0.55 g/L), and potassium borate (1.2 g/L) as foliar application on
cotton grown under heavy clay soil conditions over two growing seasons (2024 and 2025). The trials were
conducted using a split-plot design. Results demonstrated that ammonium nitrate and ammonium sulfate
significantly enhanced vegetative growth (plant height and number of fruiting branches), chlorophyll content
(a, b and total), productivity traits (number of open bolls and boll weight), yield components (seed index and
seed cotton yield), as well as nutrient content (N, P, K) compared to urea. Furthermore, foliar application of
boron sources significantly improved all evaluated growth and vyield parameters. The most significant
improvements in plant height, fruiting branch number, boll weight, and seed cotton yield were consistently
recorded with the combined application of potassium borate and ammonium nitrate in both seasons. This
combination considers as a strategy provides an effective approach for optimizing cotton production in heavy
clay soils.
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INTRODUCTION

Cotton (Gossypium barbadense L.) is the
most widely used natural fiber crop and
a key component of Egypt’s agricultural and
industrial sectors, often called “white gold”
due to its role in producing fiber, oil, and
employment. In the 2023/2024 season, global
cotton cultivation covered about 30.98
million hectares with an average yield of 1.34
t/ha and total production of about 41.46
million tons, while in Egypt it occupied about
0.11 million hectares with an average yield of
0.96 t/ha and total production of about 0.11

Received 7 April 2026; accepted 16 August 2026.

million tons (USDA, 2024). Cotton growth
and productivity are strongly influenced by
environmental conditions, with nitrogen
being the most critical limiting nutrient
(Khan et al., 2017; EI-Beltagi et al., 2024a).
In  heavy clay soils, nitrogen and
micronutrients such as boron may become
fixed and less available, making careful
fertilization essential. Therefore, improving
cotton yield and fiber quality requires an
integrated fertilization approach that includes
balanced applications of N, P, and K along
with micronutrients, applied in split doses
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based on soil and plant analysis (Wright et
al., 2003; Khan et al., 2017).

In dense clay soils, nitrogen fertilizers
such as urea, ammonium sulfate (AS), and
ammonium nitrate (AN) can improve cotton
productivity, but their efficiency depends on
soil properties and application methods.
Ammonium sulfate is particularly beneficial
because it supplies both nitrogen and sulfur
and remains a relatively low-cost fertilizer.
Ammonium nitrate provides readily available
nitrogen; however, its use requires careful
irrigation management to avoid losses. Its
ammonium (NH4") form is retained by clay
particles, reducing leaching, while its nitrate
(NOs7) form is quickly available for plant
uptake but is highly susceptible to leaching
and denitrification under  waterlogged
conditions. Therefore, due to its dual nitrogen
forms, ammonium nitrate behaves differently
in heavy clay soils compared to lighter soils,
making proper timing and application
essential (Qin et al., 2025).

Foliar application of boron in clay soils
improves the efficiency of nitrogen use by
enhancing nutrient uptake, root development,
and overall plant productivity. Boron works
with nitrogen to increase its utilization in
dense soils where nutrient mobility is limited
(Kohli et al. 2023; Abu El-Fotoh et al.,
2025). It also strengthens cell walls and
promotes deeper root growth, allowing better
access to nutrients bound in clay particles.
Combined application of boron and nitrogen
enhances vegetative growth and overall plant
development (Al-Mharib et al., 2021). In
boron-deficient conditions, sensitive crops
such as cotton may show reduced boll
retention and lower yields, while foliar
application during flowering and boll
development improves boll setting and lint
yield (Wahid et al., 2020). Additionally,
boron enhances fiber quality by improving
sugar transport and cell wall strength, leading
to higher cotton productivity when applied
with nitrogen (Cordeiro et al., 2024).

Boron sources, such as boric acid applied
as a foliar spray, when combined with
nitrogen fertilizers like urea, ammonium
nitrate, or soil-applied nitrogen, significantly
improve cotton productivity, boll retention,

and fiber quality in heavy clay soils. This
positive effect is due to the synergistic
interaction between boron and nitrogen,
which enhances nutrient use efficiency and
supports better reproductive development
compared to applying each nutrient alone
(U.S. Borax, 2025). However, limited
research has investigated how different
nitrogen sources (urea, ammonium sulfate, or
ammonium nitrate) interact with various
boron sources (such as boric acid, sodium
borate, or potassium borate) in influencing
cotton performance under heavy clay soil
conditions.

Based on these findings, it is hypothesized
that foliar application of boron combined
with nitrogen fertilizers such as urea,
ammonium sulfate, and ammonium nitrate
can help overcome the limitations of clay
soils. This approach is expected to enhance
plant growth, boll retention, yield, and fiber
quality in cotton. Therefore, integrating boron
with different nitrogen sources may represent
an effective micronutrient strategy for
maximizing cotton performance under heavy
soil conditions.

MATERIAL AND METHODS

Crop Management and Experimental

Design

The field experiments were carried out in
the summer of 2024 and 2025 at the Sakha
Agricultural Research Station in Kafr El-
Sheikh Governorate, Egypt (30°56' N and
31°05' E). In the two seasons, winter wheat
(Triticum aestivum L.) was used as the
previous crop. The field was tilted two weeks
prior to planting and leveled using a laser.
The experiment followed a split-plot design
with five replications for each of the 12
treatment combinations across both seasons.
The main plots were assigned one of the three
nitrogen fertilizer sources (urea, ammonium
sulfate, or ammonium nitrate) applied to the
soil, while the subplots received one of three
boron sources (boric acid, sodium borate, or
potassium borate) as a foliar spray.

Each experimental plot had eight ridges, 6 m
long and spaced 70 cm apart, giving a total
area of 33.6 m?, while the net subplot area
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was 25.2 m2. The cotton cultivar Giza 97
(Egyptian long-staple type) was obtained
from the Cotton Research Institute and sown
at a rate of 60 kg/ha. Planting took place on
May 15 in 2024 and May 25 in 2025.
Seedlings were thinned after emergence (two
weeks after sowing), leaving two plants per
hill before the first irrigation. Harvesting for
both seasons occurred on September 26 (first
picking) and November 1 (second picking).
While harvested on Oct. 18 in 2025 and Nov.

15 in 2025 as first and second pickings,
respectively.

Prior to the initiation of the experiment,
soil samples from the surface layer (0-15,
15-30, 30-45 and 45-60 cm) were collected
from the experimental field for analysis of
their physical and chemical properties,
following the procedures described by Dane
and Topp (2020) and Sparks et al. (2020).
The resulting data are illustrated in Tables 1
and 2.

Table 1. Mean values of selected physical soil properties at the experimental site prior
to planting during the two growing seasons

Sampling sector Particle size distribution, % Texture

depth, cm Sand Silt Clay classes

0-15 21.57 24.63 53.80 clayey

15- 30 19.32 23.21 57.47 clayey

30- 45 17.85 22.42 59.73 clayey

45- 60 16.65 21.51 61.84 clayey
Mean 18.85 22.94 58.21 -

Table 2. Mean values of selected chemical soil properties at the experimental site prior
to planting during the two growing seasons

Sector Ec Solub!e cautions, meg/ | Soluble f_amions, meg/|
depth (cm) | dS /r’n PH (soil paste extract) (soil paste)
Ca™ Mg Na* K* Cos Hcos cr So,”

0-15 3.29 | 8.04 9.07 6.17 15.23 0.72 0.00 8.52 1246 | 1021

15-30 3.11 | 8.26 7.31 5.35 15.82 0.63 0.00 7.84 12.63 8.64

30- 45 293 | 839 6.11 5.52 15.60 0.58 0.00 8.45 12.80 6.56

45- 60 2.84 | 852 6.28 5.85 14.84 0.33 0.00 8.30 12.67 6.33

Mean 3.04 | 831 7.19 5.72 15.37 0.57 0.00 8.28 12.64 7.93
Where: SO, was calculated by the difference between soluble cautions and anions.
Soli fertilization and pests’ management ammonium nitrate (33.5% N) at 179.1

Phosphorus fertilizer in the form of
calcium superphosphate (15.5% P20s) was
incorporated into the soil during field
preparation at a rate of 22.5 kg P.Os per
feddan. Following thinning, potassium
fertilizer was applied as potassium sulfate
(48% K:0) at a rate of 24 kg K.O per feddan.
All pesticide treatments were carried out in
accordance with the recommendations issued
by the Egyptian Ministry of Agriculture for
cotton cultivation.

Experimental Design and Treatments

The study evaluated 12 treatment
combinations derived from three nitrogen
fertilizers: urea (46.5% N) at 130 kg/feddan,

kg/feddan, and ammonium sulfate (20.5% N)
at 285.7 kg/feddan. Each nitrogen source was
applied in two equal splits: the first before
the initial irrigation after sowing and the
second before the following irrigation. These
were combined with three foliar boron
sources: boric acid (0.68 g L), sodium
borate (0.55 g L™), and potassium borate (1.2
g L"), which were sprayed at 70, 90, and 110
days after sowing using equal volumes. One
feddan is approximately 0.42 hectares
(4200.83 m?). The experiment followed a
split-plot design with five replications to
ensure statistical reliability, with nitrogen and
boron sources applied either individually or
in combination.
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Plant height and fruiting branches number

Ten plants were randomly chosen from the
central five furrows (or beds) of each subplot
(10 plants per subplot) to evaluate the
recorded traits, including final plant height
(cm) and the number of fruiting branches per
plant.

Chlorophyll content

At 120 days following sowing, the fourth
fully developed leaf from the top of the main
shoot was removed and placed in 5 mL of
dimethylformamide to extract pigments. The
concentrations of chlorophyll a, chlorophyll
b, and total chlorophyll (expressed in pg per
cm?) were measured using the procedure
outlined by Moran (1982).

Nutrients content

Prior to nutrient analysis, dried cotton plant
samples were digested by a wet digestion
method using a mixture of sulfuric and
perchloric acids. Total nitrogen was quantified
using the Kjeldahl procedure, phosphorus was
determined by spectrophotometric analysis
and potassium was measured by flame
photometry  following the methodology
reported by Walinga et al. (2013).

Yield and Yield Components

For each treatment, fully opened bolls
were hand-picked thrice to estimate the
cotton yield. The harvested seed cotton was
then ginned to estimate both seed and lint
yields. In the first and second picking, 100
fully matured bolls were hand-picked to
estimate the average weight per boll and lint
percentage. Average boll weight was
calculated by dividing the total weight of
seed cotton of the 100 bolls by their number
per boll. Lint percentage was calculated by
dividing the lint weight obtained from the
same 100 bolls by their corresponding seed

cotton weight. Seed cotton yield per feddan
(kantar) was determined by weighing the
seed cotton harvested from two pickings in
each subplot with a size of 25.2 m? and by
then expressing the weight in kantar per
feddan. It should be noted that one kantar
equal 157 kg.

Statistical Analysis

The data were processed using Microsoft
Excel software version 2024. The graphs
were produced using GraphPad prism
software version 10.4.0. The analysis of
variance test was carried out using CoStat
software. The split plot technique for the
statistical analysis design was adopted
following Snedecor and Cochran (1980)
work.  When significant results were
obtained, LSD test at a probability
significance level of 0.05 based on Waller
and Duncan (1969) guidelines.

RESULTS AND DISCUSSION

Plant height and number of fruiting

branches

The results shown in Figure 1 demonstrate
that, compared to urea, ammonium sulfate
(AS) and ammonium nitrate  (AN)
significantly increased plant height and the
number of fruiting branches per plant in both
growing seasons, with AN producing the
largest gains. Combining foliar boron sources
with nitrogen fertilizers further enhanced
these traits. Among the boron treatments,
boric acid and potassium borate resulted in
higher plant height and fruiting branch
numbers than sodium borate under all
nitrogen sources. The highest values of both
plant height and fruiting branch number were
recorded with the combined application of
potassium borate and ammonium nitrate in
both seasons.
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Figure 1. lllustrates how different nitrogen fertilizer treatments urea (130 kg per feddan), ammonium sulfate (285.7 kg per
feddan), and ammonium nitrate (179.1 kg per feddan) combined with foliar-applied boron sources (boric acid at 0.68 g/L,
sodium borate at 0.55 g/L, and potassium borate at 1.2 g/L) influenced cotton plant height [(a) and (b)] and the number

of fruiting branches per plant [(c) and (d)] across the 2024

and 2025 growing seasons. Treatments that differ significantly

at p <0.05 are denoted by different letters above the bars, as determined by Duncan’s multiple range test.

Chlorophyll content

As shown in Figure 2, ammonium nitrate
(AN) and ammonium sulfate (AS)
significantly increased chlorophyll a, b, and
total levels compared with urea in both
seasons, with AN consistently yielding the
highest pigment concentrations.  Foliar
application of boron sources alongside

nitrogen  fertilizers  further  enhanced
chlorophyll content compared to nitrogen
alone. Among these combinations, potassium
borate with any nitrogen source produced the
greatest increase in chlorophyll a, b, and
total, followed by boric acid, which also
improved chlorophyll levels across all
nitrogen treatments.
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Figure 2. Effect of nitrogen fertilizers; urea (130 kg/feddan), ammonium sulfate (285.7 kg/feddan), and ammonium
nitrate (179.1 kg/feddan) in combination with foliar boron sources, namely boric acid (0.68 g/L), sodium borate (0.55 g/L),
and potassium borate (1.2 g/L), on chlorophyll pigments content; (a) and (b): chlorophyll a, (c) and (d): chlorophyll b
and (e) and (f) total chlorophyll in cotton leaves during the 2024 and 2025 growing seasons. Statistical differences
among treatments (p < 0.05) are indicated by distinct letters above the bars, in accordance with Duncan’s multiple
range test.
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Number of open bolls and boll weight

Figure 3 shows that nitrogen fertilizers,
especially ammonium sulfate (AS) and
ammonium  nitrate  (AN), significantly
increased the number of open bolls per plant
and average boll weight compared to urea,
with AN consistently giving the highest
values in both seasons. Further enhancements
were observed when foliar boron sources
were combined with any nitrogen treatment.
Among the boron sources, boric acid and
potassium borate applied in combination with
AS or AN resulted in the highest boll number
and boll weight, with the greatest increases
recorded under the combined potassium

borate + ammonium nitrate treatment in both
seasons.

Nutrients content

Figure 4 shows that ammonium sulfate (AS)
and ammonium nitrate (AN) significantly
increased nitrogen, phosphorus, and potassium
concentrations compared with urea in both
seasons. Foliar application of boron sources
with any nitrogen fertilizer further enhanced
nutrient content. The highest N, P, and K levels
were achieved with potassium borate combined
with each nitrogen source, followed by boric
acid, which also improved nutrient levels across
all nitrogen treatments.

(a) Season 2024
Urea Ammoni

ium sulfate

Ammonium nitrate

(b)  Season 2025

sulfate Ammoni

Urea Ammonium

| 101 171

Number of open bolls/plant

Boll weight g

Number of open bolls/plant

Figure 3. Illustrates how different nitrogen fertilizer treatments urea (130 kg per feddan), ammonium sulfate (285.7 kg
per feddan), and ammonium nitrate (179.1 kg per feddan) combined with foliar-applied boron sources (boric acid
at 0.68 g/L, sodium borate at 0.55 g/L, and potassium borate at 1.2 g/L) influenced number of open bolls/plant [(a)

and (b)] and average boll weight [(c) and (d)] across the 2024 and 2025 growing seasons. Treatments showing
significant differences (p < 0.05) are indicated by different letters above the bars, as determined by Duncan’s multiple
range test.

Lint and earliness percentage

Figure 5 shows that among nitrogen
sources, ammonium nitrate (AN) gave the
highest lint percentage in the first season,

while ammonium sulfate (AS) was superior
in the second season. Across both seasons,
the highest lint percentage was achieved
when potassium borate was applied with AN.
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Figure 4. Effect of nitrogen fertilizers; urea (130 kg/feddan), ammonium sulfate (285.7 kg/feddan), and ammonium
nitrate (179.1 kg/feddan) in combination with foliar boron sources, namely boric acid (0.68 g/L), sodium borate (0.55 g/L),
and potassium borate (1.2 g/L), on nutrients %,; (a) and (b): nitrogen, (c) and (d): phosphorous and (e) and (f) potassium
in cotton leaves during the 2024 and 2025 growing seasons. Statistical differences among treatments (p < 0.05)
are indicated by distinct letters above the bars, in accordance with Duncan’s multiple range test.

Regarding earliness, AN significantly
improved this trait in both seasons compared
with other nitrogen sources. In the first
season, maximum earliness occurred with
sodium borate plus urea or AS and potassium

borate plus AN, while in the second season,
the highest earliness values were observed
with sodium borate plus AS and potassium
borate plus AN.

Season 2024

(a)

Urea

Ammonium sulfate  Ammonium nitrate

be od g be

40 4 a d

Earliness %

b obe b o

404

(b)  Season 2028
Urea

I 11 1T 1

def ¢4 cd be  ab be bed bed

Ammonium sulfate  Ammonium nitrate

cde of r

(d)
e be b ¢ cde ® 2 B cd de od
> TSR 3 >
S & & & S
& &0 ~e°<. v&P" (,°°\ i“" ~o°" ~o°“ C»“e i“" ~°c.(’ e(’
F F & F &
.-.pi Q.y .-:.e"@.~ .-.,.wi o

Figure 5. Presents the effects of nitrogen fertilizer forms urea (130 kg feddan™), ammonium sulfate (285.7 kg
feddan™), and ammonium nitrate (179.1 kg feddan™) applied in combination with foliar boron sources,
including boric acid (0.68 g L"), sodium borate (0.55 g L), and potassium borate (1.2 g L"), on lint percentage
[(a) and (b)] and earliness percentage [(c) and (d)] of cotton during the 2024 and 2025 growing seasons.
Statistical differences among treatments (p < 0.05) are indicated by distinct letters above the bars,
in accordance with Duncan’s multiple range test.
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Seed index and seed cotton yield

Figure 6 shows that ammonium sulfate
(AS) and ammonium nitrate  (AN)
significantly increased seed index and seed
cotton yield compared with urea in both
seasons, with AN consistently producing the
highest values. Foliar application of boron

sources alongside nitrogen fertilizers further
enhanced these traits. The highest seed index
and seed cotton yield were achieved with
potassium borate combined with AS or AN,
with the combination of potassium borate and
AN giving the overall maximum responses in
both seasons.

Seed cotton yield K/

Seed cotton yield KT

Figure 6. Presents the effects of nitrogen fertilizer forms urea (130 kg feddan™), ammonium sulfate (285.7 kg
feddan™'), and ammonium nitrate (179.1 kg feddan™) applied in combination with foliar boron sources, including boric
acid (0.68 g L"), sodium borate (0.55 g L), and potassium borate (1.2 g L™") on seed index [(a) and (b)] and seed
cotton yield [(c) and (d)] of cotton during the 2024 and 2025 growing seasons. Statistical differences among treatments
(p < 0.05) are indicated by distinct letters above the bars, in accordance with Duncan’s multiple range test.

The results showed that ammonium nitrate
(AN) and ammonium sulfate (AS)
significantly increased plant height and the
number of fruiting branches compared with
urea in heavy clay soils. These effects are
attributed to the sulfur supplied by AS and
the balanced ammonium and nitrate forms
provided by AN, which promote vigorous
vegetative  growth  and  reproductive
development (Abdel-Tawab et al., 2021; El-
Waraky et al., 2025). AS enhances growth
and boll development through its sulfur
component, although long-term use may
lead to soil acidification, emphasizing the
need for proper soil management (Bufogle et
al., 1998). Chlorophyll content was higher
with AN than urea, as ammonium-based
fertilizers supply readily available nitrogen,
while sulfur from AS further supports
chlorophyll synthesis (Abd El-Salam et al.,
2003). Overall, improvements in plant height
and fruiting branch number are closely linked
to increased chlorophyll content and
photosynthetic efficiency.

Cotton plants fertilized with ammonium
nitrate (AN) generally produced more bolls
than those receiving urea due to its dual
nitrogen forms (NHs* and NOs;"), which
provide a continuous nitrogen supply that
stimulates vegetative growth and fruiting
branch formation. Nitrate promotes root
development and photosynthesis, while
ammonium supports amino acid and protein
synthesis, together enhancing boll retention
and reducing shedding (Chen et al., 2019;
Shams et al., 2025). AN also often increases

boll weight by improving chlorophyll
content, photosynthetic  efficiency, and
nutrient levels, including nitrogen,
phosphorus, and potassium. Enhanced

assimilate production supports carbohydrate
allocation to developing bolls, promoting boll
filling and fiber development. Its ability to
maintain nitrogen availability under soil
fluctuations further sustains boll growth
during stress periods (Fageria and Baligar,
2005; Chen et al., 2019).
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The results indicate that ammonium
nitrate (AN) and ammonium sulfate (AS)
outperform urea in terms of lint percentage,
seed index, seed cotton yield, and crop
earliness. Urea is less efficient due to high
nitrogen losses  through volatilization,
whereas nitrogen from ammonium salts is
more readily available, enhancing yield and
fiber quality. Ammonium salts promote
overall plant growth and accelerate early
development by improving nutrient uptake.
Nitrate ions (NOs") stimulate early growth,
while ammonium ions (NH4") support protein
synthesis and seed formation. Additionally,
the sulfur component in ammonium sulfate
synergistically enhances enzyme activity and
fiber strength (Abdel-Tawab et al., 2021).

The findings also showed that foliar
application of boron sources significantly
improved all evaluated growth and vyield
traits. Boron plays a key role in pollen
viability, pollen germination, and successful
fertilization,  thereby  enhancing  boll
formation. It also facilitates the translocation
of carbohydrates from leaves to developing
bolls, supporting boll growth. Furthermore,
when combined with nitrogen fertilizers,
boron improves nitrogen use efficiency,
leading to increased plant productivity
(Dordas, 2006).

The combined application of potassium
borate and ammonium nitrate (AN) produced
the greatest improvements in cotton growth
and productivity. All boron sources boric
acid, sodium borate, and potassium borate
enhance cotton growth, boll retention, seed
cotton yield, and fiber quality (Howard et al.,
2000). However foliar application provided
more consistent benefits due to higher
nutrient availability and uptake efficiency

(Wahid et al., 2020; El-Beltagi et al., 2024b).
Potassium borate is particularly effective
because its dual supply of boron and
potassium improves assimilate translocation,
boll weight, and fiber quality, whereas
sodium borate releases boron more slowly,
favoring long-term availability rather than
rapid crop response (Howard et al., 2000;
Vera-Maldonado et al., 2024; El-Beltagi et
al., 2025a, b). The combination of potassium
borate with AN enhances the synergistic
interaction of nitrogen, boron, and potassium,
leading to better boll retention, higher seed
cotton yield, and improved fiber quality,
making it an efficient nutrient management
strategy (Kommineni and Bhandari 2024).
The observed improvements in lint
percentage, seed index, and seed cotton
yield were closely linked to enhanced growth
traits - such as plant height, number of
fruiting branches, boll number per plant,
chlorophyll content, and overall nutrient
status all of which collectively increase
photosynthetic  efficiency and assimilate
production to support higher yields.

Figure 7 shows that in heavy clay soils,
ammonium sulfate (AS) and ammonium
nitrate (AN) outperformed urea in enhancing
cotton growth and productivity. Among the
nitrogen sources, AN was the most effective,
increasing plant height, number of fruiting
branches, chlorophyll content, nutrient
uptake, number of open bolls, boll weight,
seed index, and total seed cotton yield. Foliar
application of boron sources - boric acid,
sodium borate, and potassium borate - further
improved all measured parameters compared
to nitrogen alone, with the greatest gains
observed when potassium borate was
combined with AN in both growing seasons.
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Hoavy clay solls in Egypt limit cotton
productivity by immobizing essential
nutrients like Nitrogen and Boron.

SULFATE

179.1 L'!

AMMONIUM
NITRATE

OPTIMAL COMBINATION:
AMMONIUM NITRATE +
POTASSIUM BORATE

+ BORON APPLICATION
AMPLIFIED RESULTS
Folar boron spray further improved
 Growth and yleld metrics across
a trogen treatments.

HIGHEST CONSISTENT
YIELD

This paking consistently produced
the highest seed cotton yiekd and
Dest growth results.

Figure 7. Graphical abstract depicting the beneficial effects of nitrogen fertilizers, namely ammonium sulfate (285.7
kg/fedd.) and ammonium nitrate (179.1 kg/fedd.), compared with urea (130 kg/fedd.) under heavy clay soil conditions.
The figure also highlights the additional enhancement in all evaluated growth and yield-related traits such as plant
height, number of fruiting branches, number of open bolls per plant, boll weight, and seed cotton yield resulting from
the combined application of nitrogen fertilizers with boron sources, including boric acid (0.68 g/L), sodium borate
(0.55 g/L), and potassium borate (1.2 g/L).

CONCLUSIONS

Compared with urea, the application of
ammonium sulfate and ammonium nitrate
had a dramatic effect on improvement in
cotton crop growth and yield-related traits.
Further improvement in all the studied
characteristics was obtained by foliar
treatment with boron source like boric acid,
sodium borate, and potassium borate along
with the various studied nitrogen sources.
The greatest enhancement in crop growth and
production traits was found when the
application of potassium borate through foliar
treatment was done along with ammonium
nitrate. This treatment showed a strong
synergistic effect, indicating its superiority in
improving cotton performance under the
studied conditions.
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