Becui Hanprsinanehait akanamii HaByk benapyci. Cepsist arpapubix HaByk. 2026. T. 64, Ne 3. C. 221-231 221

ISSN 1817-7204 (Print)

ISSN 1817-7239 (Online)

UDC 633.11:631.531.027.2:581.1.046 Iocrymnuna B pegakuuro 11.02.2025
https://doi.org/10.29235/1817-7204-2026-64-3-221-231 Received 11.02.2025

Nayab Hina!, Ayesha Mushtaq', Farida Behlil!, Farrukh Bashir!,
Sabeena Rizwan!, Jahangir Khan?

!Sardar Bahadur Khan Women’s University, Quetta, Pakistan
’Balochistan Agricultural Research and Development Centre, Quetta, Pakistan

IMPACT OF SILICA NANOPARTICLES ON WHEAT (TRITICUM AESTIVUM L.)
VARIETIES FROM BALOCHISTAN GROWN IN SALINE SOILS

Abstract. Finding effective methods to raise salt tolerance of agricultural crops is critical for food security in arid regions.
Salinity negatively affects wheat growth, reducing yield and productivity. This study aims to evaluate the impact of silica
nanoparticles (Si NPs) on the growth and development of two wheat varieties from Balochistan (Azri and Shalkot) cultivated
in saline soil. Seeds of Azri and Shalkot wheat varieties were collected and sown at the Balochistan Agricultural Research
and Development Centre (BARDC), Quetta, under normal and saline conditions. The experiment consisted of three treatments:
T1 (control) with only Nitrogen, Phosphorus, and Potassium (NPK) fertilizer; T2 with Si NPs + NPK fertilizer; and T3, where
seeds were primed in Si NPs before sowing. For priming, seeds in T3 were soaked separately in water and Si NPs for 24 hours
before planting. Germination was monitored for 10 to 15 days, and various growth parameters were assessed at different
growth stages, including plant maturity. The wheat variety Shalkot exhibited better growth than Azri under saline stress.
Silicon supplementation substantially improved plant height, spike length, chlorophyll content, spike weight, productive stems
per unit area, and dry mass weight. Among the treatments, Si NP supplementation (T2) enhanced all growth parameters,
while the priming treatment (T3) yielded the best results. The application of silica nanoparticles effectively enhanced wheat
growth even under salt stress. This study highlights the potential of Si NPs to mitigate salinity effects and improve wheat
yield, making it a promising strategy for sustainable agriculture in salt-affected regions.
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BJIUSAHUE HAHOYACTHUI JTUOKCUAA KPEMHHUSA HA COPTA
NINEHULBI (TRITICUM AESTIVUM L.) U3 BEJYJXKUCTAHA,
BbIPALIIUBAEMBIE HA 3ACOJIEHHBIX TOYBAX

AnnoTtanus. [IpoBeqeHa oreHKa BIUSHUS HaHOYACTHUI] AnoKcuaa kpeMuus (Si NPs) Ha pocT u pa3BuTHE IBYX COPTOB
nmeHnnsl u3 berymkucrana (Azri n Shalkot), BeIpamuBaeMbIX Ha 3aCOJICHHOW MOYBe. DKCHEPHUMEHT BKIIIOUAJ TPH BapUaHTa
00paboTKH TSI KaXKI0TO COPTA B HOPMAJIBHBIX YCIOBHSAX U B YCIOBHX 3acoyieHHs: T1 (KOHTPOJIb) — BHECEHUE CTAHIAPTHOTO
azotHo-(pochopHo-kanuitnoro ynoodpeunus (NPK), T2 — suecenne Si NPs coBmectro ¢ NPK u T3 — npennocesHast oopaborka
ceMstH (mpaiiMuHT) B pacTBope Si NPs (cemMena oTenbHO 3aMaunBaliu B Bozie U B pactBope Si NPs B Teuenue 24 1). Bexoxects
CeMsTH 000X COpPTOB OTciexnBany B Tedenne 10—15 cytok. buomerpuueckue n ypoxkaifHple mapaMeTpsl GUKCHPOBATH HA
KJIIOUEBBIX dTalax OHTOreHe3a, BKItoYask a3y MOIHOU criesiocTh. YeTaHoBJeHo, 4To copT Shalkot o6iamaeT 6onee BEICOKOA
aJaNTUBHOI CIIOCOOHOCTBIO U IGMOHCTPHPYET JIyUIINe MOKA3aTeJIN POCTa B YCIOBHIX 3aCOJCHNUS M0 CPABHEHUIO C COPTOM
Azri. Dx3orenHoe npuMeHeHue Si NPs cyniecTBeHHO HUBENHPOBAJIO HETaTHBHOE JICHCTBHE COJIEBOTO CTpecca y 000X COPTOB.
3a(UKCUPOBAHO IOCTOBEPHOE yBEIMYCHHE BBICOTHI PACTEHHUH, JJIMHBI U MAacChl KOJIOCA, KOJIMYECTBA IIPOAYKTUBHBIX CTEO-
Jel Ha eAMHUIY IJIOIAH, HAKOIICHHS CYyXOr'o BEIIeCTBA, a TAK)KE COJACpIKaHMs XI0poduiuia B JINCThsIX. CpaBHUTEIbHBIH
aHaJN3 BAPHAHTOB 00pabOTKY MOKAa3aJ, 9TO MOYBEHHOE BHeCeHHEe HaHoJacTuIl (T2) 3aMeTHO yIydmiano Bce pOCTOBBIE Mmapa-
METpbI, OIHAKO MaKcUMasbHast 3G (OEKTUBHOCTD 10 BCEM MCCIEAYEMBIM IIOKa3aTeIsIM OblIa JOCTUTHYTA B BAPUAHTE C TIPe]-
noceBHbIM npaiimuHroM ceMsH (T3). [IpuMeHeHne HaHOYACTHIT IMOKCH 1A KPeMHHUSI 3P PEKTHBHO yIIyqIIano poCT HIICHHIIBI
JTaXkKe B YCIIOBHSX COJIEBOTO cTpecca. MccnenoBanne neMoHCTpupyeT moTeHIHan Si NPs B CHUKEHUH HETaTHBHOTO BO3JICH-
CTBHSI 3aCOJIEHNUS U TIOBBIIIEHUN YPOKafHOCTH MIIEHHUI[BI, YTO JeaeT 3TOT MOIX0/] MEPCIEKTUBHOM CTpaTeruei ycroifunso-
T'0 3eMJISJICNIUS B PETHOHAX C 3aCOJICHHBIMHU II0YBAMH.

KuroueBble c10Ba: KpeMHE3eM, HAHOTACTHUIIBI, 3aCOJICHNUE, MIIEHUIA, bemymxuctan
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Jluisi nuTupoBanus: BiusiHie HaHOUACTUL TUOKCUAA KPEMHUS Ha copTa nuueHuusl (Iriticum aestivum L.) u3 benynxu-
CTaHa, BBIpaIlMBacMbIC Ha 3aCOJICHHBIX MouyBax / Haiisa0 XuHa, Aiterna Mymrak, @apuna bexmun [u ap.]. Vestsi Natsyyanal nai
akademii navuk Belarusi. Seryya agrarnykh navuk = Proceedings of the National Academy of Sciences of Belarus. Agrarian
series, 2026, vol. 64, no. 3, pp. 221-231 (in Russian). https:/doi.org/10.29235/1817-7204-2026-64-3-221-231

Introduction. Wheat is considered a staple food and is the most essential of the three most widely
produced cereal crops (wheat, rice, and maize). Wheat is annually harvested above 600 million tons.
It has historically been a basic agricultural commodity [1]. The increase in wheat production in Pakistan
occurred largely due to the expansion of the cultivated area, which increased from 8.9 million hectares
in 2014 [2] to 9.4 million hectares in 2020 [3]. Wheat is cultivated both as a winter crop and a spring
crop. However, the spring crop is less extensively grown compared to the winter crop. This is possible
because of differences in variety at different places. Wheat is cultivated in tropical and subtropical areas.
Wheat contains high nutritional values, but agricultural production is affected by salt accumulation [4]
and almost 40,000 hectares of land are degraded annually just because of salinity in Pakistan [5]. A survey
revealed that almost 6.68 M hectares of Pakistani land is wasted due to salinity [6].

The provinces of Pakistan — Sindh, Punjab, Balochistan, and KPK — have saline land (294.3, 130.4,
15.2, and 0.2 hectares respectively) [7]. Balochistan is the largest province of Pakistan by area but unfortu-
nately it is wheat-deficient. To fulfil its wheat requirements, it has to rely on other provinces. Environmental
stresses negatively affect plant growth by causing various molecular, biochemical, physiological, mor-
phological changes in plants [8]. Environmental stresses are the factors which limit crop production
in Balochistan. Basic factors include drought and cold in winter, besides these, a major abiotic factor
is salinity [9—12]. It decreases wheat production in Balochistan, as salinity reduces the yield of wheat
annually. It is essential to overcome such stress by employing advanced agricultural methods. Silicon
supplementation is one of the best methods to control salt stress. Wheat production can be enhanced
by improving fertilizers with silicon supplementation in marginal lands.

Nanotechnology represents a revolution in agriculture. Silicon nanoparticles have gained attention
in advanced research because of their easy synthesis and wide applications in industries like agriculture,
catalysis, pigments, pharmacy and electronic etc. [13]. Stober introduced the synthesis of nanoparticles
of 0.5-2.0 micron sized [14]. The Stober method is the most common and approachable method used
by researchers. It is applied with modifications like ultra-sonication. The literature review specifies
that the Stober method (Sol-gel method) is the easiest and most economically effective method to synthesize
monodispersed, nano-sized, spherical silica particles.

Silica nanoparticles (Si NPs) can be easily synthesized by using TEOS (Tetraethyl orthosilicate)
as a precursor [15]. Si NPs can be employed to increase wheat productivity. Many investigations have
revealed that utilizing a small quantity of silicon can enhance the salt tolerance of soil. According
to a research study, the utilization of Si NPs on 25 lentil genotypes showed beneficial results when
these were grown in saline soil. Seedling growth and germination were increased [16]. There is a pressing
need to apply nanotechnology to improve yield and sustain agriculture [17].

It is beneficial to apply silicon for healthy crop growth under both biotic and abiotic stress [18].
Wheat can accumulate silicon. Silicon helps to retain water in plants as well as enhance resistance against
diseases. It can help maintain Na” and K' ratio in plants. Various silicon sources have been employed,
out of which sodium silicate has been established as a helpful source for good growth parameters in saline
environments [12—20]. It is reported that calcium silicate is a source of silicon that increases spike grains,
tiller, grain yield and biological yield [21]. Other sources of silicon, like potassium metasilicate, remarkably
sustain water potential in plants under saline and drought stress [22]. Silica gel boost various growth
parameters such as spike length, grain yield, biological yield, relative water content, and proline content [23].
Silicon supplementation notably improves the plants efficiency under water-deficit conditions. Application
of foliar spray at the time of tillering is also effective [24].

Seed priming is one of the pre-germination techniques. This technique involves soaking seeds
at osmotic potential. Priming results in better growth and yield. It decreases the mean germination time.
Nowadays seed priming technique is widely used [25]. Using sodium silicate in priming was found
to improve the germination and seedling growth [20]. Priming seeds with Si NPs enhanced seedling
shoot growth, root dry weight, seed germination, and mean germination time in wheatgrass [26].
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It is vital to use silica nanoparticles for better wheat production and silica availability. As it is revealed
from research that it enhances salt tolerance and give better consequences. It can support saline and drought
environments. The present study investigates the synthesis of silica nanoparticles and examines their effects
on the growth of two wheat varieties under salt-stressed environments. The nanoparticles were applied
using two methods: direct supplementation and seed priming. Field experiments were conducted
at the BARDC, Quetta.

Materials and Methods. Silica nanoparticles synthesis. Nanosized silica particles were synthesized
by the Stober method (modified). TEOS was utilized as a precursor. 10 ml ethanol and 4 ml DI water
were mixed. In this mixture TEOS (1.8 ml) was taken in a beaker and allowed to sonicate for 60 minutes
(at 35 °C). In a separate beaker NH,OH (1.4 ml) and DI water (1.4 ml) were mixed. NH,OH was then
added dropwise to the first mixture under constant stirring. Grey color appearance indicated the formation
of SiO, nanoparticles. These particles were centrifuged at 4,000 rpm for 20 minutes. Finally, these nano-
particles were filtered and precipitated out. Increased sonication time resulted in reduction of size. Silica
nanoparticles were prepared in Sardar Bahadur Khan Women’s University, Quetta, Balochistan. Silica
particles were subjected to FTIR, UV and SEM.

Treatments (T) & Varieties (V): Two wheat varieties Treatments and Varieties of wheat
(Azri and Shalkot) were selected from BARDC, Quetta.
Healthy seeds of both varieties were rinsed for control
and for treatment (Table). The synthesized Si NPs were
used in addition to nitrogen phosphorus potassium (NPK)
fertilizer (T2) in the fields to grow wheat in saline
and non-saline conditions. In priming treatment (T3),
seeds were soaked separately in water and Si NPs solution
for 24 hours.

The two varieties of wheat were grown in normal soil as well as in saline soil (100 mM NaCl added
in it) under all the above treatments.

Growth parameters of Wheat. Seeds of Azri and Shalkot were sown in BARDC, Quetta in the first
week of October, 2022. 20 : 20 : 20 Nitrogen Phosphorus and Potassium (NPK) was used for fertilization.
Germination was recorded for 10 to 15 days, observed continuously, and compared with the control.
Physiological factors were also checked. Data was recorded for shoot length, spike length, spike weight,
seed weight, chlorophyll content, leaf length, grains per spike, and weight of dry mass. Results of control
were compared to other treatments. Data were analyzed using SPSS to calculate means and variance.

Results and Discussion. As a staple food, wheat crop is an essential cereal crop. Its demand is increasing
yearly due to increase in population. So wheat yield needs to increase annually. Wheat yield is badly
affected in areas, both in arid and semi-arid zones. Different factors are involved to affect its production.
Salt stress is one of them. It results in a reduction in crop yield. Many areas of Balochistan and Sindh
(Provinces of Pakistan) are salt-affected which in turn results in a reduction of wheat crop. To reduce
salt-affected areas silica implementation is helpful which could enhance growth as well as yield of wheat
in these provinces of Pakistan. Salt stress causes detrimental changes in morphology, physiology
and metabolism. These changes lower plant growth. To mitigate the adverse effect of salt stress, silicon
implementation is a good source [9].

The substantial role of silicon in wheat was determined in the current century. It is obvious that wheat
varieties grow better by applying silicon. Its beneficial effects have been reported in wheat varieties.
Wheat is a silicon accumulator [9-10]. Silicon application enhances leaf growth in wheat when compared
to control in saline conditions [27, 28]. Implementation of silicon enhanced growth in wheat in saline
conditions due to less intakes of sodium [29]. Silicon maintains saline tolerance in wheat and is classified
as a valuable element for plant biology. It enhances potassium and decreases sodium concentration
in wheat varieties grown under salt stress [30]. Application of silicon proved to enhance salinity tolerance
and increase wheat production. Therefore, instead of bulk or macro silicon, the silica nanoparticles
can be employed to increase availability of silicon more efficiently. So, better results can be achieved
due to nanosized particles [11-12].

S. No. | Symbol Treatment & Variety

VT, |Control of Azri

VT, |Seeds (Azri)+ Si NPs

ViT; |Seeds (Azri) + Si NPs + priming
V,T; | Control of Shalkot

V,T, |Seeds (Shalkot) + Si NPs

V,T; | Seeds (Shalkot) + Si NPs + priming

N[N | B [W( (N |—
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The current study is designed to evaluate the efficacy of silicon in agriculture and to check its effect
on wheat crop growth. In this study nanosized silica particles were selected as silicon source for wheat.
These nanoparticles provide valuable results in experiments when utilized in field. In earlier research,
beneficial role of silicon has been noticed. Wheat is a silicon accumulator. In the presence of silicon
wheat grows better [9]. In current research important growth parameters were improved, and salt stress
was considerably suppressed. It established good results even in salt stress area.

In our study the silica nanoparticles were prepared through the Stober method with few alterations.
Particles were also characterized by scanning electron microscopy (SEM), ultraviolet visible spectroscopy
(UV) and Fourier-transform infrared spectroscopy (FTIR). These particles were used to proceed
for investigation of their effect on wheat growth in the present study. However, the results of synthesized
silica nanoparticles were in agreement with prior studies in which the Stober method with some alterations
and associated with Ultrasonication generated nanosized particles in the range of 50-100 nm [9].

The current study is conducted to focus on synthesis of silica nanoparticles and their impact
on wheat growth for this purpose two wheat varieties (Azri and Shalkot) were grown in normal and saline
conditions in Balochistan. Silica particles were employed not only to control the salinity but also to improve
the yield of wheat. In this study different growth parameters (leaf length, dry weight, fresh weight, number
of grains, weight of grains and chlorophyll contents) of two wheat varieties were observed in saline
and non-saline conditions. In present study, improved growth parameters were observed. Results
revealed reduced salinity stress and increased tolerance. Results of silicon implementation in wheat
are in accordance with earlier studies in which silicon source was calcium silicate [9].

The values of different growth parameters of replicates of two varieties in normal and saline conditions
showed notable differences. Shalkot showed more resistance towards the saline environment. The final
germination percentage was higher in Shalkot as compared to Azri. It was observed that growth parameters
were altered in saline conditions. Plant growth was better in priming treatment as compared to direct
silicon supplementation. The values of growth parameter are illustrated through bar graphs.

Growth parameters like plant height was normal in control while it was reduced in saline treatments
(Figures 1, 2). When silica nanoparticles were employed in treatment V1T2 in both saline and non-saline
soil all the growth parameters were improved. Application of silica nanoparticles, both via priming
and direct exposure, significantly mitigated salt stress in the Azri wheat variety, resulting in an increase
in plant height from 41.57 cm in the control group to 44.20 cm. In treatment where silica nanoparticles
were used directly the plant height increased and better results were obtained. In past research plant height
in rice was improved. Similarly, increased shoot length was noticed in timber species in China (Changbai
larch) due to silicon application. Enhanced shoot length was also observed because of silicon effect
on Basil in saline environment [9—15]. However, variation was observed in spike length (Figures 3, 4).
Spike weight was observed to increase in priming treatments in both wheat varieties (Figures 5, 6).
Tillers per half meter remarkably increased in priming treatments in both varieties (non-saline and saline
treatments) as compared to control (Figures 7, 8). An increase in chlorophyll content was also observed
in priming treatment of wheat in non-saline and saline conditions (Figures 9, 10), as this is in agreement
with previous research in which chlorophyll content was increased in saline area when compared
with the control [9-15]. Weight of dry mass and weight of seed grain of wheat in non-saline conditions
were enhanced (Figures 11, 12). In saline soil, the values of dry mass were found better as compared
to the control. These observations are similar to findings of silicon effect on Basil’s weight. Therefore,
it is proved that silica nanoparticles help wheat plants to survive under salt stress.

There was variation in weight of seed grain in saline condition of both varieties when compared
with the control (Figures 13, 14). In past many workers found positive impacts of silicon sources
on metabolism and physiology of different crops. Silicon sources increased plant height and dry mass
of wheat even in saline. In a research in rice field dry matter enhanced due to silicon application.
Similarly, in another research silicon implementation enhanced the yield and growth in cereals. It may
be due to low uptake of sodium in the saline environment. Priming treatment with Si NPs also generated
better results and seeds were found persistent in saline treatment, as priming causes breaking of dormancy
of seeds faster. Better growth was observed in results when priming was done with Si NPs [9-30].
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The salt-resistant variety Shalkot produced better results in presence of silica nanoparticles even
in saline and non-saline conditions. When all parameters were checked, beneficial results of silica nano-
particles application were obtained even in saline stress when compared with the control. As depicted
from bar graphs (Figures 1-14) growth parameter values for the control treatment (VIT1) were lower
than for the treatments that included silica particles in saline and non-saline. However, treatments
with silica nanoparticles priming in saline gave better results. Control values under non-saline conditions
were better than control values under salt stress. In treatment T2, values of the different growth parameters
were higher than in the control, even under salt stress. More substantial outcomes were attained in T2
treatments. In priming treatments (T3) much better outcomes were obtained in saline and non-saline
conditions, as salt stress was reduced by priming seeds with nanoparticles at the sowing stage.
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It is obvious from the results that in the absence of silica nanoparticles, growth was suppressed
in saline soil while in the presence of silica, priming of seeds helped wheat mitigate the adverse effects
of salinity.

Salinity reduces growth of wheat. Salinity increases sodium ion concentration and suppresses potassium
absorption. It is obvious from the results that, in a controlled environment, the two wheat varieties generated
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different results in saline and non-saline conditions. Although both wheat varieties produced substantial
results, Shalkot is more resistant to salt stress and gave better results of growth treatments with priming.

The current study revealed that increased concentration of salt adversely affected wheat varieties
due to uptake of sodium. From the earlier studies it has been shown that employing silicon in any form
can diminish the unfavorable impacts of salinity in wheat. By the induction of salt stress in two wheat
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varieties results were in concordance with prior studies. It showed that increased uptake of sodium
suppressed plant development. Silica nanoparticle supplementation helped the wheat varieties to overcome
salinity stress and generated better results. It may be due to silica’s hydrophilic nature as silica aids
plants to store water which in turn results in more dilution of sodium in soil. Silica nanoparticles protect
plant notably from adverse effect of salt as they are sources of silicon in plants. For example, sodium
silicates application mitigates salinity impacts by enhancing the activity of defense-related enzymes
of wheat grown in Quetta.

Application of silica nanoparticles in study has enhanced its demand in research. The valuable impact
of these nanoparticles elevated the growth parameters. Results of growth parameters were in accordance
with previous studies [10-34]. It is obvious from the results that silica nanoparticles reduce salinity
stress with improved growth of two wheat varieties.

Principal component analysis: Principal component analysis (PCA) was carried out to analyze
the selected samples of wheat varieties. PCA is a good and useful statistical technique for dimension
reduction [35]. It converts high-dimensional data into smaller new variables. PCA is a multivariate method
which analyzes the information table and observations are defined by many intercorrelated (dependent)
variables. PCA transforms original variables which are known as principal components and are linear
combinations [36].

PCA of wheat treated with silica nanoparticles revealed correlation and variance of samples grown
in non-saline and saline soil. The variability in growth parameters of wheat grown in Quetta are elucidated
through PCA shown in Figure 15. This elucidates the variance in data. The total three components were
recognized with Eigenvalue greater than one. The first component PCI1 revealed eigenvalue 2.924 followed
by PC2 and PC3 having eigenvalues 1.638 and 1.049 respectively. The three components account
for 80.142 % of total variance. The first component explains 41.767 % of total variance which is maximum
variance by PC1 while PC2 and PC3 contribute 23.396 % and 14.979 % respectively. Spike lengths, plant
height, chlorophyll, tillers per half meter, spike weight and grain weight are negatively correlated
with PCI. This is similar to previous study [37]. These loadings of same sign with PC indicate positive
association among these parameters of varieties [35].

PC2 was positively correlated with spike length and weight of seed grain while negatively correlated
with plant height, tillers per half meter, chlorophyll, weight of dry mass. PC2 is strongly influenced
by spike length and chlorophyll. It indicates longer spike length and increased seed grain weight. From
the graph it is evident that PC1 and PC2 collectively explain 65 % of overall variability and are reasonably
good for interpretation.
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Figure 15. PCA of growth parameter of wheat grown under different treatments

PC3 is positively correlated with plant height, weight of dry mass, weight of seed grain while negatively
correlated with spike length, tillers per half meter, chlorophyll, spike weight. Plant height dominates in PC3.

The plot shows several distinct groups. One group reveals that treatment V1T3, VIT2, V2T3 (with Si NPs
and priming) are strongly correlated with weight of spike, weight of dry mass and weight of seed grain
indicating high yield. In another VIT4 and VIT5 are present along PC1 and PC2 moderately correlated
with chlorophyll content. However, chlorophyll and spike length show an inverse correlation. The varieties
which show score along axis can be used to enhance yield and it can be good for physiological tolerance
in wheat. Results are in agreement with previous studies.

Conclusion. This study evaluated the effects of nano-sized silica particle supplementation on two wheat
varieties grown in the fields of BARDC, Quetta. The results demonstrate that silica nanoparticle supple-
mentation substantially enhances wheat growth, even under saline stress conditions, making it a promising
alternative for improving crop yield.

The findings suggest that incorporating silica nanoparticles into fertilizers, even in minimal quantities,
could benefit agricultural productivity. Additionally, priming wheat seeds with trace amounts of silica
nanoparticles has proven to be an effective technique, which could be introduced to farmers as a practical
strategy. This approach may be particularly beneficial for wheat cultivation in salt-affected regions
of Pakistan, where it can enhance crop resilience and yield. By integrating silica-based fertilization,
wheat production in salt-affected areas could be improved.
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