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Abstract | The objective of this study was to evaluate how exogenously applied silicon improves the agronomic
performance of three wheat varieties namely (Bakhtawar, Akbar, and Pirsabaq) under different salinity levels,
consideringitsrolein enhancing crop vigor and competitivenessinsaline agricultural environments. A controlled
pot experiment was conducted using a Completely Randomized Design (CRD) in National Agriculture
Research Center (NARC) Islamabad from 2024 to 2025, with a 2-factor factorial arrangement (silicon x
salinity) and three replicates per treatment. The treatments included a control, silicon application (15 mM),
two NaCl-induced salinity levels (50 mM and 100 mM), and their respective silicon—salinity combinations.
Key agronomic attributes, including plant height, stem diameter, leaf area, tiller number, spike characteristics,
and flag leaf development were studied after 45 and 60 days of treatment. Salinity markedly reduced plant
growth across the wheat varieties, while silicon application produced measurable improvements—for example,
plant height increased by 4-11%, stem diameter improved by 2—4%, leaf number increased by up to 20%, and
leaf length increased by 4-17% under Si-salinity treatments compared with salinity alone. While silicon
application conferred some partial alleviation of salt-induced stress, manifesting as slight enhancements in
specific traits such as plant height, leaf area, and spikelet number, these ameliorative effects were inconsistent
and highly genotype-dependent. These findings indicate that silicon partially alleviates salinity-induced stress
in wheat, with effects varying among varieties and salinity levels, highlighting its variety-specific benefits
under moderate salinity conditions and the need for further research on optimal application strategies.
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Introduction

Soil salinity is a global threat to agriculture because
it affects crop yields and growth in salt-affected
areas (Batlle-Sales, 2023). Salt stress hampers crop
growth and yield in a various ways (Shahid ez a/.,
2020). Salt stress affects crop plants in two ways:
osmotic stress and ion toxicity (Hasanuzzaman and
Fujita, 2022). Salinity stress exhibited secondary
impacts on assimilate generation, cell growth and
membrane function, and cytosolic metabolism
(Ludwiczak ef al., 2021). Salinity stress can regulate
the activity of two ethylene biosynthesis enzymes,
1-amino-cyclopropane-1-carboxylic acid (ACC)
synthase and ACC oxidase (Houben ez al., 2024).
Various growth stages of wheat are simultaneously
affected by salinity. This results in stunted growth
and lower biomass production due to the shifting of
plant metabolism towards stress management and
adjustment of osmotic irregularities (Ghadirnezhad
et al., 2023). Under high salinity, increased sodium
(Na*) and chloride (CIl") concentrations lead to an
ionic imbalance in plant tissues, resulting in reduced
nutrient uptake (Arif ez a/., 2020). Furthermore, a
decrease in the uptake of potassium (K*) and calcium
(Ca™), inactivation of various enzymes, inhibition of
protein synthesis, slow rate of photosynthesis, leaf
and stem senescence, and early leaf senescence are all
noticeable symptoms of salt stress (Imtiaz ez al.,2023).
While the impacts of salinity are well documented,
strategies to mitigate these effects particularly using
silicon supplementation remain underexplored in
wheat, highlighting the need to evaluate variety-
specific responses and optimal application methods
under saline conditions. In Pakistan, salinity has
caused a 25% reduction in crop yield (Syed ez al,
2021). In 2017, waterlogging and salinity in Pakistan
caused severe losses in crop yield, reaching Rs. 880
million ($28.5 million), while the estimation of total
annual economic damage was 300 USD million (Syed
et al.,2021). It is estimated that the land losses due to
salinity are 28000 to 40000 ha of land and because
of low crop yield due to high salinity there is a loss
of about US$ 230 million per year (Murtaza ez al.,
2023). Wheat faces various biotic and abiotic stresses
that severely compromise its productivity. The global
wheat production volume in the year 2020-21 was over
768.9 million metric tonnes (Dhakal ez al, 2021).
Wheat production in Nepal reached 2,210 thousand
tonnes in 2020, representing a 5.73% increase
compared to the previous year (Subedi and Khadka,

2022). Although wheat accounts for the largest
harvested area (38.8%) among cereals such as rice
and maize in Nepal, its overall productivity remains
the lowest (Katel ez a/., 2023). Salinity has adverse
effects on agriculture and the economy of Pakistan.
To overcome this issue, silicon fertilizers are applied
to plants with salt stress (Attiq ez a/., 2021). Wheat
is a good source of trace minerals, such as selenium
and magnesium, which are essential for good health.
Silicon is a chemical element with the symbol Si and
atomic number 14 (Islam eza/.,2024).1t is a tetravalent
metalloid, meaning it has properties of both metals and
nonmetals, and is the second most abundant element
in the Earth’s crust. Silicon (Si) is naturally present
in plant tissues and contributes to stress tolerance
by enhancing ion balance, antioxidative defense, and
water-use efficiency (Sirhindi ez a/., 2025). However,
its effectiveness varies among genotypes and salinity
levels, with some studies reporting benefits only
under moderate salinity or in specific wheat varieties.
'The quantity of Si accessible to plants has decreased
owing to repeated cropping and the use of artificial
fertilizers (Bardo, 2023). In soils, silicon (Si) mainly
occurs as silicates and oxides, with free Si present
only in low concentrations, typically ranging from
0.1 to 0.6 mM (Tubafna and Heckman, 2015). The
plants uptake Si as silicic acid [Si(OH)4] and found
in crystalline form as silica gels (SiO-nH20) in
the shoots and leaves (Pontigo e al, 2015). The
effectiveness of Si in reducing negative impacts of
salt stress and enhancing salt tolerance in plants has
been widely studied, but the underlined mechanism
is marginally understood (Dabravolski and Isayenkov,
2024). The enhanced salinity tolerance with Si
supplementation is mostly by decreasing the
plant Susceptibility to osmotic and ionic stresses
(Rizwan ez al., 2015). Decreasing the Na* uptake
and maintaining the optimum Na*/K* ratio. Silicon-
mediated tolerance in plants alters the transcriptional
patterns of genes related to aquaporins, phytohormone
biosynthesis, polyamine biosynthesis, salinity stress,
and ion transporters (Farooq ez al., 2024).

'This study hypothesized that silicon supplementation
would partially alleviate NaCl-induced salinity stress
in bread wheat and that the magnitude of response
would differ among varieties. To test this, we
evaluated the effects of Si on growth and yield traits
in three wheat varieties (Bakhtawar, Akbar-2019, and
Pirsabaq) under varying NaCl concentrations.
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Materials and Methods

Experiment design and site

The experiment followed a 3 x 3 x 2 factorial
Completely Randomized Design (CRD), with three
wheat varieties (Bakhtawar, Akbar-2019, Pirsabaq),
three NaCl concentrations (0, 50, and 100 mM),
and two silicon treatments (0 and 15 mM). Each
treatment combination was replicated three times.
Pots were maintained under natural light at NARC,
Islamabad (33.6°N, 73.0°E), with mean temperature
20-26°C and relative humidity 55-65%. Watering

was performed with deionized water to maintain field

capacity.

Plant materials and growth conditions

Seeds were obtained from certified local suppliers
under the Wheat Program of NARC to ensure
varietal purity. The soil used was loamy (sand 42%, silt
35%, clay 23%), with pH 7.6 and EC 2.1 dS m™, and
baseline available Si 18 mg kg™. No fertilizers were
added to avoid confounding nutrient effects. Pots
were irrigated every two days with deionized water to
maintain moisture near field capacity.

Treatment preparation and application
All solutions were freshly prepared before each
application to maintain chemical stability and

bioavailability.

Stlicon solution
Sodium silicate (Na,;SiO3) was used as the silicon
source. To prepare 1 L of 15 mM Si solution:

Mass off (Na»SiOs) (g) = Molarity (M) x Molar Mass
(g/mol) x Volume (L)

Calculated mass=2 g Na,SiO3.The solid was dissolved
in 1 LL of distilled water, mixed thoroughly, and stored
in labeled bottles for further use.

Sodium chloride solutions

Two distinct concentrations of sodium chloride

(NaCl) were prepared to induce salt stress (Ashraf

and Saeed, 2006):

* 50 mM NaCl solution: Prepared by dissolving 3 g
of NaCl in 1 liter of distilled water.

* 100 mM NaCl solution: Prepared by dissolving 6
g of NaCl in 1 liter of distilled water. Treatment
application

Treatments were initiated 40 days after sowing. The
experimental treatments applied to each variety were
as follows:

Treatments Solutions Varieties
T1 Control Pirsabaq
T2 Silicon 15 mM Pirsabaq
T3 Salt 50 mM Pirsabaq
T4 Silicon + Salt 50 mM Pirsabaq
T5 Salt 100 mM Pirsabaq
Té6 Silicon + Salt 100 mM Pirsabaq
T7 Control Bakhtawar
T8 Silicon 15 mM Bakhtawar
T9 Salt 50 mM Bakhtawar
T10 Silicon + Salt 50 mM Bakhtawar
T11 Salt 100 mM Bakhtawar
Ti12 Silicon + Salt 100 mM Bakhtawar
T13 Control Akbar
T14 Silicon 15 mM Akbar
T15 Salt 50 mM Akbar
T16 Silicon + Salt 50 mM Akbar
T17 Salt 100 Akbar
Ti18 Silicon + Salt 100 mM Akbar

Data collection and agronomic parameter assessment

The key agronomic parameters systematically
measured in this study to evaluate growth and
yield performance included plant height, stem
diameter, number of leaves, longest leaf length and
width, tiller number, number of spikes, number of
spikelets, spike length, flag leaf length, and flag leaf
width. Measurements were taken at 45 and 60 days
after treatment. Plant height and spike length were
recorded from the base to the apex using a ruler. Leaf
and flag-leaf areas were estimated as length x width
x 0.75 (Watson, 1947). Fresh and dry weights were
determined using five plants per pot; dry mass was

obtained after oven-drying at 70 °C for 48 h.

Statistical analysis

Data were subjected to factorial ANOVA using
SPSS v. 20 to test the main and interaction eftects
of variety, salinity, and silicon. Means were separated
by Duncan’s Multiple Range Test (DMRT) at p <
0.05. Homogeneity of variance was checked prior to
analysis data.

Results

Effect of silicon and salt on plant height, diameter and
number of leaves
In the current study, plant height was significantly

December 2025 | Volume 31 | Issue 4 | Page 219

o -0
Qols Links
“*@Researchers



OPEN aACCESS

Pakistan Journal of Weed Science Research

influenced by both salinity and silicon (Si) treatments
across all wheat varieties. For the Pirsabaq variety,
salinity stress alone (T3 and T5) caused a notable
reduction in plant height by 9.4% and 2.7%,
respectively, compared to the control (T1). The
application of Si alone (T2) resulted in a slight
reduction (6.9%), while co-application of Si with
salinity (T4 and T6) moderately improved plant
height by 4.1% and 2.8%, respectively, suggesting a
partial mitigation of salt-induced growth inhibition
by silicon supplementation. In the Bakhtawar variety,
all treatments except T6 showed a positive effect
on plant height. The highest increase was observed
under T4 (11.9%) and T3 (11.8%), followed by T2
(4.2%) and T5 (1.9%). Treatment with Si under
high salt stress (T6) slightly improved plant height
(3.7%) compared to TS, indicating that Si alleviated
high salinity stress to some extent. In Akbar, Si
treatment alone (T2) and under severe salt stress
(T6) slightly decreased plant height (1.9% and 3.3%,
respectively). However, under moderate salt stress
(T3), plant height increased significantly (8.5%), and
co-application of Si with 50 mM NaCl (T4) also led
to a positive response (6.2%), suggesting that Akbar is
more responsive to moderate salinity when aided by Si
(Figure 1). Stem diameter showed variable responses
among the three wheat varieties under salt and silicon
treatments. In Pirsabaq,a minor increase was observed
across most treatments. The highest increment was
observed under T3 and T'5 (3.39%), whereas Si alone
(T2) and in combination with 50 mM salt (T4)
slightly enhanced the diameter by 1.69% and 1.13%,
respectively. A negligible reduction was noted under
T2 (0.56%). In contrast, Bakhtawar showed a clear
decline in stem diameter under all treatments except
T4, which resulted in a small increase (1.4%). The
reductions were more pronounced under T6 (13.7%)
and T2 (9.3%), indicating a higher sensitivity of
this variety to both salinity and silicon application.
Akbar responded positively under T2 (11.8%) and
moderately under T3 and T4 (2.01, 2.4%). However,
stem diameter decreased slightly under T5 (1.5%)
and more noticeably under T6 (7.3%). This suggests
that moderate salt stress may promote stem diameter
in Akbar, particularly when combined with silicon
(Figure 2). The number of leaves varied in response to
different treatments across the three wheat varieties. In
Pirsabagq, silicon alone ('T2) had no significant effect,
while moderate salt stress (T3) reduced leaf number
by 6.8%. However, T4 significantly increased leaf
production by 20.4%, indicating a strong synergistic

effect of Si and moderate salinity. In contrast, T5
and T6 resulted in reductions of 4.5% and 2.2%,
respectively. Bakhtawar showed a slight increase
under T2 (5%) and T4 (6.2%), with no change in
T3. Treatments T5 and T6 led to similar reductions
of 3.7%, suggesting moderate tolerance but limited
benefit under high salinity, even with Si application.
Akbar exhibited a decrease under T2 (2.4%), T3
(6.6%), and T4 (4.9%). Notably, co-application of Si
under 100 mM salt (T6) improved leaf number by
7.4%, and T'5 alone increased it by 9.9%, highlighting
a unique positive response of this variety to high salt

stress (Figure 3).

80- ,
M Pirsabaq

60- | . . ; . ; | Bakhtawar
= Akbar

Plant height (cm)
N S
T T

o
|

AL

T1 T2 T3 T4 T5 T6
Treatments
Figure 1: Effect of silicon and salt on plant height of

wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 2: Effect of silicon and salt on stem diameter
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 3: Effect of silicon and salt on number of leaves
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.

Effect of silicon and salt on leaf length and area

Leaf length exhibited contrasting responses to
different treatments among the wheat varieties. In
Pirsabaq, Siapplication alone (12) and in combination
with high salinity (T6) led to reductions of 6.7%
and 7.6%, respectively. A substantial improvement
was observed under T4, where leaf length increased
by 16.8%. In contrast, T3 and T5 caused reductions
of 4.3% and 9.3%, respectively, indicating moderate
to severe sensitivity to salt stress alone. Bakhtawar
showed a highly positive response to Si alone (T2),
with an increase of 29.85% in leaf length. A smaller
increase was noted under T4 (3.8%), while slight
reductions were observed under T3 (2.7%) and T6
(15.8%) treatments. T'5 did not contribute positively,
suggesting that the beneficial effect of Si diminishes
under high salt conditions. Akbar showed reduction in
leaflength under T2 (10.2%) and T6 (7.3%). However,
T3, T4, and TS5 treatments improved leaf length by
3.6%, 4.6%, and 8.2%, respectively. This indicates that
Akbar benefited more from the combined salt stress
and Si treatment than from Si treatment alone (Figure
4). Leaf area varied considerably among the wheat
varieties under different Si and salinity treatments.
In Pirsabaq, a strong positive effect was observed
under T4, where leaf area increased by 31.9%. A
mild increase was recorded under T6 (6.3%), while
reductions were noted under T2 (12.3%), T3 (2.05%),
and T5 (7.5%). These results suggest that Pirsabaq
is responsive to the combined application of Si and
moderate salinity but is sensitive to Si alone or higher
salinity levels without silicon. Bakhtawar showed its
highest improvement under moderate salinity (T3),
with a 32.3% increase in leaf area. T4 and T'5 also led

to moderate increases (7.21% and 3.2%, respectively).
However, Si alone (T2) and high salt with Si (T6)
caused reductions of 7.6% and 19.8%, respectively.
This indicates that Bakhtawar performed best under
moderate salt stress and may not benefit from silicon
supplementation at higher salt concentrations. In
Akbar, all treatments reduced the leaf area. The most
severe decline was under T6 (30.5%), followed by
T2 (19.7%) and T3 (6.1%). Minor decreases were
observed under T4 (1.02%) and T5 (0.12%). This
variety appears highly sensitive to both salinity and
silicon, with no improvement even under moderate

stress (Figure 5).

40 .
Ml Pirsabaq

=1 Bakhtawar
= Akbar

Leaf length (cm)
N [
T T

-
o
1

o
1

Treatments

Figure 4: Effect of silicon and salt on leaf length of
wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 5: Effect of silicon and salt on leaf area of
wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.

Effect of silicon and salt on number of tillers, spikes and
spikelets

The number of tillers per plant varied considerably
among the three wheat varieties under different
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treatment conditions. In Pirsabaq, a marked

reduction in tiller number was observed under T2
(25%), T4 (43.7%), and T6 (53.1%). However, T3
and T5 improved tiller number by 25% and 75%,
respectively, suggesting that salt alone at certain levels
might stimulate tiller development in this variety. In
Bakhtawar, all treatments significantly enhanced the
number of tillers compared to the control. Si alone
(T2) resulted in a 1.0-time increase, whereas T3
increased the tiller number by 1.3 times. The combined
application of Si and salt (T4) further elevated tillers
by 2.0 times. The most substantial increases were
seen under T'5 and T6, with 3.6 and 4.0 times more
tillers, respectively, indicating an exceptional tillering
response to combined salinity and Si treatment in this
variety. In contrast, Akbar exhibited a reduction in
tiller number under T2,T3, and T4 by 26.6%, 16.6%,
and 33.3%, respectively. Slight improvements were
observed under T5 (20%) and T6 (6.6%), showing
limited resilience to stress and the promotion of tiller
formation by Si treatment (Figure 6). The number of
spikes per plant varied across wheat varieties under
different treatments. In Pirsabaq, Si application alone
(T2) and in combination with 50 mM salt (T4)
increased spike number by 7.1%, while T3 and T5
showed no change. A reduction of 7.1% was recorded
under T'6, suggesting that silicon may slightly improve
spike production under moderate salt but not under
severe stress. Bakhtawar exhibited a more variable
response to the treatments. Treatments T2 and T6
caused reductions of 7.9% and 15.3%, respectively. A
sharp decline was seen under T3 with 30.7% reduction.
However, both T4 and TS5 significantly enhanced
spike numbers by 15.3%, indicating that spike
production improved under salt or combined Si and
salt stress under certain conditions. In Akbar, Si alone
(T2) and its combination with 50 mM salt (T4) led
to small increases in spike number by 6.5% and 3.5%,
respectively. A considerable reduction was observed
under T3 (18.9%) and T6 (14.2%). Treatment T'5 had
no significant effect. These findings suggest Akbar
responds slightly better to Si under moderate stress
but is sensitive to salt stress alone (Figure 7). The
number of spikelets per plant showed both positive
and negative trends across the three wheat varieties
under various treatments. In Pirsabaq, application
of Si alone (T2) improved the spikelet number by
6.5%, whereas T3 and T5 resulted in reductions of
18.9% and 14.2%, respectively. A modest increase was
observed under T'6 (11.8%), whereas T4 led to a slight

reduction of 3.5%, suggesting moderate tolerance

to combined salt and Si treatments. Bakhtawar
displayed the strongest positive response, particularly
under T3 and T4, where spikelet numbers increased
by 70.2% and 83.2%, respectively. Si alone (T2) had
no effect, while T'5 and T6 enhanced spikelet number
by 26.7% and 30.5%. This indicates that Bakhtawar is
highly responsive to both salt stress and Si, especially
in combination. In Akbar, the number of spikelets
remained stable under T2, T3, and T4, with no
change compared to the control group. However,
slight increases were noted under T1 (7.5%) and T5
(6.1%), whereas T6 resulted in a small reduction of
5.1%. These results suggest that Akbar maintains
consistent spikelet production under moderate stress,
with limited benefits from Si (Figure 8).
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Figure 6: Effect of silicon and salt on number of tillers
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 7: Effect of silicon and salt on number of spikes
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 8: Effect of silicon and salt on number of spikelets
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 9: Effect of silicon and salt on spikes length of
wheat seedlings grown wunder laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.

Effect of silicon and salt on spike length, flag leaf area and
number of grains

Spike length was influenced differently across the
three wheat varieties in response to Si and salinity
treatments. In Pirsabaq, a slight improvement was
observed under T3 (2.7%) and T2 (5.7%), while T4
and T6 led to marginal reductions of 0.34% and
21.2%, respectively. The most notable decline occurred
under T5, indicating that high salinity alone had a
strong negative impact on spike elongation in this
variety. In contrast, Bakhtawar showed considerable
enhancement in spike length under combined salt
and Si treatments. T4 and T5 improved spike length
by 47.6% and 50.7%, respectively. A slight increase
was also observed under T1 (8.2%). However, a
notable reduction occurred with Si alone (T2:12.1%),
indicating that Si alone did not promote spike

elongation in this variety. Interestingly, Akbar
showed an identical response pattern to Bakhtawar.
Treatments T4 andT5 again led to significantincreases
in spike length (47.6% and 50.7%), while T2 resulted
in a reduction of 12.1%. A mild increase under T1
(8.2%) and slight improvement under T3 (same as
Bakhtawar) were also observed (Figure 9). Flag leaf
area showed a range of responses under silicon and
salt stress treatments across all three wheat varieties.
In Pirsabagq, all treatments resulted in improvements
compared to the control. The highest increase was
recorded under T4 (19.1%), followed by T1 (17.8%)
and T3 (14%). Smaller gains were observed under T2
(5.7%) and T'6 (6.1%), suggesting that both moderate
salinity and silicon contributed positively to leaf
expansion in this variety. In Bakhtawar, reductions
were noted under T2, T3, and T4 by 15.3%, 11%, and
0.51%, respectively, indicating sensitivity to silicon
and moderate salt stress. However, a significant
improvement was observed under T6, where flag leaf
area increased by 14.8%. This suggests that under
high salinity, the addition of silicon alleviated stress
effects and promoted leaf area expansion. Akbar
showed mixed results. A pronounced increase in flag
leaf area was noted under T4 (31.9%), followed by
T6 (6.3%). Mild improvement occurred with Si alone
(T2:2%). In contrast, reductions were observed under
T1 (12.3%) and TS5 (7.5%), suggesting that Akbar
responded more favorably to the combined treatment
of moderate salt with Si (T4) (Figure 10). The number
of grains per plant varied among the wheat varieties
under different treatments. In Pirsabaq, the co-
application of high salinity and silicon (T6) resulted
in the greatest improvement (19.2%), while moderate
salt with Si (T4) and Si alone (T2) caused reductions
of 13.4% and 36.5%, respectively. T3 and T5 led to
moderate increases (13.4% and 7.6%), indicating that
certain salt levels may enhance grain set in this variety
when not combined with Si. Bakhtawar showed
a decline in grain number under most treatments.
The highest increase was observed under T1 (9%),
while reductions were found under T2 (19%), T3
(4%), T5 (17%), and especially T4 (42%), suggesting
a negative interaction between Si and salt stress on
grain formation in this variety. Akbar also showed
a similar trend, with the highest increase under T1
(10%). Treatments T2, T3, and T4 led to progressive
reductions of 16%, 4%, and 22%, respectively. A
mild decrease (8%) occurred under T6. These results
suggest that Akbar is moderately sensitive to both salt
and silicon, particularly in combination (Figure 11).
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Figure 10: Effect of silicon and salt on flag leaf area
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.
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Figure 11: Effect of silicon and salt on number of grains
of wheat seedlings grown under laboratory conditions.
Data calculations came from three replicates with their
respective error bars. Different letters indicate significant
differences among treatments (p < 0.05) based on factorial
ANOVA.

Discussion

Salinity is a major environmental stress that adversely
impacts agricultural productivity by inhibiting plant
growth, disrupting cellular metabolism, and reducing
yield. High salt concentrations in soil, particularly
sodium salts such as sodium chloride (NaCl), cause
osmotic stress and ionic toxicity. These stressors
interfere with water absorption, nutrient uptake,
and plant physiological functions. Wheat (7riticum
aestivum L.), a staple crop in many parts of the
world, is particularly sensitive to salinity at early
growth stages. In the present study, the negative
impacts of salinity were evident through reduced
plant height, stem thickness, leaf size, and yield-
related traits. These results are consistent with earlier
reports indicating that sodium chloride-induced

salinity significantly decreases biomass accumulation,
chlorophyll content, and photosynthetic efhiciency
in wheat (Fairoj ez al., 2022). Although silicon (Si)
is not classified as an essential nutrient for plants,
it has gained considerable attention for its role in
enhancing stress tolerance, particularly under abiotic
stresses such as salinity, drought, and metal toxicity.
In the present study, the application of silicon (Si)
did not exhibit any pronounced positive or negative
effects on plant growth parameters under salt stress.
While silicon is widely reported to enhance plant
tolerance to salinity by improving water uptake,
reducing oxidative damage, and maintaining ionic
balance (Imtiaz ez a/., 2016), its impact in the current
experiment was marginal. Only in a few cases were
slight improvements observed in specific parameters
such as plant height or leaf area, but these were not
consistent across all treatments or wheat varieties.
'The limited response to silicon application may be
attributed to several factors, including genotype-
specific sensitivity, silicon concentration, salt stress
severity, and exposure duration. Previous studies have
also reported variable effects of silicon on salinity.
For instance, (Saleh and Oustan, 2017) noted that
while silicon improved the growth of wheat under
mild salinity, its effect diminished under high salt
concentrations. Similarly, (Ali and Bijay-Singh, 2025)
emphasized that the beneficial role of silicon is often
contingent on environmental conditions and plant
species. Therefore, it can be concluded that under the
specific conditions of this experiment, silicon did not
significantly ameliorate the adverse effects of salt stress,
nor did it negatively impact the plants. These findings
suggest that the role of silicon in mitigating salt stress
may not be universally effective and warrants further
investigation under varying agro-environmental
settings. Enhanced vigor, leaf area, and biomass in
Si-treated wheat could indirectly influence crop—
weed interactions in saline fields. Improved canopy
development may suppress weed emergence and
growth through shading and resource competition.
Additionally, variations in plant vigor could affect
the efficacy and timing of herbicide applications,
highlighting the potential agronomic relevance of Si
supplementation for integrated weed management in
salt-affected wheat agroecosystems.

Overall, these findings indicate that Si can partially
alleviate salinity-induced stress, but its benefits
are genotype- and stress level-specific. The results
underscore the need for further research to optimize
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Si application strategies under field conditions and
to better understand the physiological mechanisms
driving varietal differences in salinity tolerance.

Conclusions

The study revealed that salinity stress negatively
affected most agronomic traits in wheat, though
responses varied by variety and treatment. The
combined application of silicon and moderate salt
(T4) generally enhanced plant growth, especially in
Bakhtawar and Pirsabaq. Bakhtawar showed the most
significant improvement in traits such as spike length,
flag leaf area, and grain content. Akbar was the most
sensitive variety, showing limited positive response
across treatments. Overall, silicon supplementation,
particularly under moderate salinity, can mitigate
stress effects and improve wheat performance.
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