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Abstract. Laboratory experiment was conducted in the College of Agricultural Engineering at
Al-Furat University in Deir Ez-Zor. The seeds of durum wheat (Triticum durum L., var. Sham
7) were soaked before planting in Petri dishes with two solutions: silver nanoparticles (Ag
NPs) and regular silver nitrate (AgNOs) at four concentrations (10-20-40-80 ppm) in addition
to soaking in distilled water (control treatment) for a duration soaking of 1,2 and 3 hours.
Silver nanoparticles were synthesized by green methods from extract of dried Eucalyptus
camaldulensis leaves and the resulting silver nanoparticles exhibit a spherical shape with
dimensions of 12 nanometers as described by scanning electron microscopy (SEM). The
surface plasmon resonance peak at a wavelength of 450 nm is based on UV-Vis spectroscopy.
The results of seed soaking experiment indicated that the seed soaking of durum wheat before
planting in silver nanoparticles (Ag NPs) or regular silver nitrate (AgNOs) for two hours had a
significant effect on the studied germination indicators (germination rate, germination
percentage, shoot length, root length, dry weight of shoots and roots) .The values were higher
when seeds were soaked in a 20 and 40 ppm of silver nanoparticles. The study recommends to
soaking wheat seeds in a solution of silver nanoparticles at a concentration of 20-40 ppm for
two hours before planting, also recommends to conducting several seed priming experiments
with different nanomaterials for other varieties and crops.
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1. Introduction

Cultivation of wheat is highly significant for the Syrian Arab Republic, covering approximately 50%
of the major grain crops cultivated in the region Wheat is primarily used in human nutrition, and the
by-products of wheat harvesting are utilized in the composition of animal feed. The agricultural sector
faces numerous challenges, including climate change, increased consumption of agricultural products,
and a reduction in cultivated land. This necessitates the advancement of agricultural development to
achieve economic stability. Nanotechnology provides scientific solutions to enhance agricultural
production, both gquantitatively and qualitatively, to meet human nutritional requirements. It has been
found that the formation of nanoparticles of gold (Au), silver (Ag), and others has applications in
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agriculture [1]. Nanotechnology may offer enormous potential to enhance agricultural production to
meet human nutritional requirements [2]. Grain germination is a crucial stage in the growth of plants,
ensuring their survival [3]. Therefore, many researches were conducted to determine the effect of
silver nanoparticles on the germination stage. Treating wheat grains with different concentrations of
silver nanoparticles encouraged grain germination and seedling growth compared to control, the
highest increase in root wet and dry weight was recorded at a concentration of 100 ppm [4]. Plant
absorption and accumulation of particles was greater in plants treated with (75 and 100 ppm) [5]. The
results of one experiment showed that (50-75) mg/ml Ag Nanoparticles had a positive effect on wheat
plants, as they led to a noticeable increase in root length and root wet and dry weight [6]. Silver
nanoparticles have a stimulating effect on the germination and growth of wheat plants. Low
concentrations of them clearly enhanced grain germination and root length of seedlings compared to
the control. In contrast, high concentrations (100-150) ppm led to a noticeable decrease in grain
germination and root length of seedlings of treated plants [7&8] were able to form silver nanoparticles
with a spherical shape and an average size of (10) nanometers. He studied the effect of these particles
on grain germination and wheat seedling growth. The results showed that the concentration of (0.001-
0.5) mg/L has no Effect on grain germination, while it was found that these particles have the ability to
increase the wet mass of seedlings and roots at (1-0.06) and (0.1-0.03) mg/L, respectively, while the
concentration (0.06) mg/L caused an increase in the length of the roots. While (5) mg/L led to
inhibition of root length, it was also noted that (0.7) mg/L was the best concentration for the wet mass
of the plant .Silver nanoparticles have a clear effect on the number of roots of wheat plants, as Ag NPs
were formed at several concentrations with an average size of 13 nm, and an increase in the number of
roots was observed at (2.5 and 5) mg/L [9]. While (7.5 and 10) mg/L caused a decrease in the number
of roots in wheat seedlings, analyzes indicated that these particles have the ability to stimulate the
formation of proteins [10]. The surface properties of silver nanoparticles also play an important role in
many physiological characteristics of wheat plants [11]. Immersing wheat grains in low concentrations
of silver nanoparticles (Ag NPs) with a size of (10-20) nanometers did not affect the germination of
wheat grains, while concentrations higher than (75) ppm had a negative effect on the germination
index. On the other hand, this Particles played a positive role by increasing the number of embryonic
roots at (25 and 50) ppm. Their results also showed that a concentration of (25) ppm increased leaf
area, wet and dry weight and root biomass during the first week, but it gradually decreased in the
second and third weeks. Compared to the control, exposure to silver nanoparticles for a long period
negatively affected the growth indicators of wheat seedlings, while all concentrations enhanced the
wet and dry weight and plant chlorophyll content, but the best of them was at (25) ppm of Ag NPs
compared to the control [12]. One study showed that silver nanoparticles led to a decrease in water
absorption by wheat plants, and thus to a decrease in the accumulation of nutrients in the plant. In
return, they had a negative impact on the biomass of roots and seedlings [13].

In this study, we aim to investigate the effect of priming(soaking) wheat seeds in silver nanoparticles
(Ag NPs) and silver nitrate (AgNOs) on germination indicators (germination rate, germination
percentage, plant length, root length, shoot dry weight, and root dry weight) of durum wheat (Sham 7).

2. Materials and Methods

Laboratory experiment was conducted in the College of Agricultural Engineering at Al-Furat
University in Deir Ez-Zor. The seeds of durum wheat (Triticum durum L., var. Sham 7) were soaked
before planting in Petri dishes with two solutions: silver nanoparticles (Ag NPs) and regular silver
nitrate (AgNQO;) at four concentrations (10-20-40-80 ppm) in addition to soaking in distilled water
(control treatment) for a duration soaking of 1,2 and 3 hours. Silver nanoparticles were synthesized at
NanoLab within the Physics Department of Damascus University, following the methodology outlined
in the previous research [14]. In brief, an aqueous extract of dried Eucalyptus camaldulensis leaves
was added to a solution of silver nitrate (AgNO3) at room temperature. The color of the mixture
changed from yellow to dark brown, signifying the formation of silver nanoparticles. The reaction
mixture was left in the dark at a constant room temperature of 25°C for 24 hours to ensure the
completion of the reaction. Subsequently, the nanoparticles were separated through centrifugation at
10411 x g for 5 minutes. The residue obtained was washed four times with deionized water (DI) and
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then with ethanol via centrifugation to eliminate silver ions and biological materials. The silver
nanoparticles were characterized by scanning electron microscopy (SEM), UV-Vis spectroscopy and
dynamic light scattering technique (DLS). The colloidal suspension of silver nanoparticles was
prepared by adding distilled water to the washed silver nanoparticles. They were thoroughly dispersed
using an ultrasonic bath for 15 min and then stored for further use. Subsequently, the soaked seeds
were planted in Petri dishes, with a rate of 10 seeds in each Petri dish. Various indicators (germination
percentage and germination rate) were measured in all replications. At ten days of age for seedlings,
plants from each Petri dish were taken for germination measurements, including plant length, root
length, shoot dry weight, and root dry weight.

The laboratory experiment was conducted following a factorial experimental design with three factors
(type of soaking material, concentration of soaking material, and soaking duration) with four
replications for each treatment. The collected data were statistically analyzed using the M-Stat-C
statistical analysis program to calculate the Least Significant Difference (LSD) values at a significance
level of 0.05.

3. Results and Discussion

3.1. Characterization of Ag NPs
This study investigates the impact of green-synthesized silver nanoparticles on the germination
indicators of durum wheat. The nanoparticles exhibit a spherical shape with dimensions of 12
nanometers as described by scanning electron microscopy (SEM). The surface plasmon resonance
peak at a wavelength of 450 nm is based on UV-Vis spectroscopy. Additionally, a narrow size
distribution of silver nanoparticles was confirmed using a dynamic light scattering technique (DLS)
which depicts that the nanoparticles are well dispersed, as shown in figure (1).
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Figure 1. (a: Scanning electron microscope SEM image, b: UV-Vis optical absorbance spectrum of
colloidal silver nanoparticles prepared at different times "10, 30, 120 minutes", c: Dimensional
distribution curve as a function of number) according to the dynamic light scattering "DLS" technique

for the colloidal silver nanoparticles used).
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From the previous figure, we notice the appearance of the surface plasmon response (SPR) peak
characteristic of silver nanoparticles. The intensity of this peak increases with increasing time, and this
indicates an increase in the concentration of the prepared particles. We also note the narrow width of
this peak, which indicates homogeneity in the sizes of the particles formed.

3.2. Germination Indictors

The effect of the type of soaking material is shown in Table (1), the results reveal significant
differences between two soaking materials)AgNO3 and Ag NPs) with all tested germination indicators
(germination rate, germination percentage, plant length, root length, shoot dry weight, and root dry
weight) that were being higher when seeds were soaked in a solution of silver nanoparticles (30.51,
90, 8.23, 8.98, 0.36 and 0.77) compared to seeds soaked in regular silver nitrate (6.84 , 85, 6.28 , 6.70
,0.30 and 0.63)for germination rate, germination percentage, plant length, root length, shoot dry
weight, and root dry weight, respectively. This suggests the absorption of silver nanoparticles by the
seeds can influence the germination rate and length of the root, as observed by [15-17].

Table 1. The effect of soaking material type on tested germination indicators.

Germination Germination Shoot Root Shoot dry Root dry
Materials rate percentage length Length weight weight
(%) (%) (cm.) (cm.) (g/dish) (g/dish)
AgNO3 6.84° 85.00° 6.28" 6.70° 0.30° 0.63°
Ag NPs 30.51° 90.00* 8.23% 8.98" 0.36° 0.77°
LSD 0.05 2.481 2.367 0.656 0.0995 0.0006 0.006

As show in table (2), there were significant differences between treatments when using different
concentrations of silver nanoparticles and silver nitrate (10-20-40-80 ppm) compared to the control
treatment (distilled water). According to statistical analysis, the germination rate, germination
percentage, plant length, root length, shoot dry weight, and root dry weight indicators were higher at
concentrations (20 and 40) ppm, compared to the other concentrations in two tested materials. This
results Aligns with [4], who found that the application of 25ppm, 50ppm, 75ppm and 100ppm
concentrations of Silver nanoparticles promoted seed germination and seedling growth in wheat as
compared to control. However significant results were observed at 100ppm Ag NPs as compared to
control. Also, a significant increase in root fresh weight, root dry weight, root length, and root
elongation was recorded at 100ppm concentration of Ag NPs as compared to the control. On the other
hand, [7] who mentioned that The lower concentration (25 mg L") of the synthesized Ag NPs
significantly enhanced the seed germination and early seedling growth of wheat in comparison to the
control on the 4™ and 8" day.
Table 2. The effect of soaking material concentration on tested germination indicators.

Germination Germination Shoot Shoot dry Root dry
Root length . .

rate percentage length (cm.) weight weight

(%) (%) (cm.) : (g/dish) (g/dish)
Distilled 2.510° 85.00° 6.08¢ 6.72¢ 0.29° 0.62¢

water

10 ppm 12.76 89.72° 7.08° 7.64° 0.32¢ 0.69°
20.ppm 20.57° 88.33° 7.36° 8.01° 0.34° 0.72°
40 ppm 21.40° 89.44° 7.42° 7.98° 0.34° 0.72°
80 ppm 10.84° 80.28° 6.58° 6.94°¢ 0.31¢ 0.63¢
LSD 0.05 3.023 3.055 0.847 0.046 0.0007 0.0029

According to the results of statistical analysis (table 3), there were significant differences among the
three soaking periods (1, 2 and 3 hours), the seed soaking for two hours outperformed soaking for
land 3 hours in terms of germination rate, germination percentage, plant length, root length, shoot dry
weight, and root dry weight. This aligns with [18] they found from the formation of silver
nanoparticles with a size of (13) nanometers and knowing their effect on the germination of millet
grains and the growth of its seedlings by soaking the grains in (20,50) mg/L for two hours, where Ag
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NPs encouraged the germination of grains compared to the control, and the highest percentage was at
(50) mg/L.
Table 3. The effect of soaking duration soaking on tested germination indicators.

. Germination Germination Shoot  Root Shoot dry Root dry
Soaking . .
duration rate percentage length length weight weight

(%) (%) (cm.) (cm.) (g/dish) (g/dish)
1 hour 11.18° 84.83° 6.71°  7.03° 0.30° 0.63°
2 hours 15.84% 88.83% 7.05% 7.79% 0.33? 0.70*
3 hours 13.84° 86.00° 6.91°  7.55° 0.33° 0.67°
LSD 0.05 2.481 2.367 0.066 0.099 0.0016 0.0022

Soaking seeds before planting for a short period, without reaching the germination stage, has positive
effects on improving the germination characteristics of these seeds and the emerging plants. Seed
soaking here refers to hydrating the seeds either with water or nutrient solutions for a short period
(before the onset of germination), followed by drying them to their initial moisture before replanting
[19].

Form the results of statistical analysis, significant differences were observed between the previous
soaking treatments based on the type and concentration of the soaking materials in terms of
germination rate and percentage (table 4). The best germination rate was recorded when seeds were
soaked in silver nanoparticles (20 ppm) compared to the control treatment, but for the germination
percentage, it was highest when seeds were treated with silver nanoparticles at concentration 40 ppm
compared to the control treatment. This is consistent with [16 &18].

Table 4. The effect of type and concentration of soaking materials on germination rate and
germination percentage.

Germination percentage (%) Germination rate (%0)

Ag NPs AgNO; Ag NPs AgNO;

Distilled water 2.50° 2.50° 85.00° 85.00°

10 ppm 28.34 7.50° 85.00° 85.00"

20.ppm 51.68 7.50° 95.83 85.83"

40 ppm 50.84° 8.34¢ 98.33° 85.83"

80 ppm 19.18° 8.34° 99.17° 84.17°
LSD 0.05 5.29 5.55

As show in table (5), there was an increase the length of the root and shoot of treated seeds with silver
nanoparticles and the highest length of the root and shoot (9.78,10.73 cm, respectively) was at
concentration of (20ppm) compared to control treatment, this results are consistent with [7,8].

Table 5. The effect of type and concentration of soaking materials on Shoot length and Root length.

Shoot length (cm) Root length (cm)
Ag NPs AgNO; Ag NPs AgNO;
Distilled water 6.08" 6.08" 6.72° 6.72°
10 ppm 8.60" 6.34¢ 9.63¢ 6.62°
20.ppm 9.78° 6.23%" 10.73° 6.68°
40 ppm 9.63° 6.37° 10.45° 6.75°
80 ppm 7.11° 6.36° 7.39° 6.74°
LSD 0.05 0.147 0.223

According to the results of statistical analysis in the table (6), there were significant differences
observed among the previous soaking treatments based on the type and concentration of the soaking
materials in terms of seedling dry weight and root dry weight. In the general, the soaking in the Ag
NPs had higher values compared with soaking in AgNO;. It is evident that the dry weight of the shoot
increased when the seeds were soaked in silver nanoparticles especially at a concentration of 20 ppm
(0.91 g) compared to the other concentration and control sample (0.62 g). On the other hand, soaking
the seeds in silver nanoparticles led to an increase in the dry weight of the root, with the best result
obtained at a concentration of 20 ppm (0.41 g) compared to the other concentration and control sample
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(0.29 g). These Nano particles played a positive role by increasing the number of roots, leaf area, wet
weight, dry weight, and biomass of the root [9], nanoparticles also play a crucial role in various
physiological characteristics of wheat plants [11]. The nanoparticles played a positive role by
increasing the number of seedling roots when soaking at (25 and 50) ppm of Ag NPs. The results were
by [12] also indicated that a concentration of (25) ppm increased leaf area, fresh and dry weight, and
root biomass during the first week, but gradually decreased in the second and third weeks compared to
the control treatment. Prolonged exposure to silver nanoparticles negatively affects growth indicators
for wheat seedlings, while all concentrations enhanced wet and dry weight and plant chlorophyll
content. The most favorable concentration was at (25) ppm of Ag NPs compared to the control.
Table 6. The effect of the type and concentration of soaking materials on root and shoot dry weight.

Root dry weight (g/dish) Shoot dry weight(g/dish)
Ag NPs AgNO; Ag NPs AgNO;

Distilled water 0.29" 0.29" 0.62" 0.62"
10 ppm 0.37° 0.31" 0.82f 0.64%
20.ppm 0.41° 0.31" 0.91° 0.63%
40 ppm 0.40° 0.32° 0.89° 0.64%
80 ppm 0.33¢ 0.31" 0.63%" 0.64°

LSD 0.05 0.0140 0.0036

Farghaly et. al. [20] indicated that the nanoparticles are adsorbed to plant surfaces and taken up through
natural Nano or micrometre scale plant openings. Further, when growing, plants absorb relatively
large amounts of essential and non-essential elements, which at certain concentration may be toxic.
Once stored within the plants, beneficial or toxic elements can be transferred along the food chain to
consumers.

Conclusions and Recommendations

We conclude that the bio-method using Eucalyptus leaves in the preparation of silver nanoparticles has
proven effective in obtaining silver nanoparticles with dimensions of 12 nanometers. As for the seed
soaking experiment we can conclude that the seed soaking of durum wheat (Triticum durum L., var.
Sham 7) before planting in silver nanoparticles (Ag NPs) or regular silver nitrate (AgNOs) for two
hours had a significant effect on the studied germination indicators (germination rate, germination
percentage, shoot length, root length, dry weight of shoots and roots) .The values were higher when
seeds were soaked in a 20 and 40 ppm of silver nanoparticles.

Finally, the study recommends to soaking wheat seeds in a solution of silver nanoparticles at a
concentration of 20-40 ppm for two hours before planting, also recommends to conducting several
seed priming experiments with different nanomaterials for other varieties and crops.

References

[1] Zhang, L; and T. J. Webster. 2009. Potential of CopperNanoparticles to Increase Growth and Yield of
Wheat. Journal ofNanoscience with Advanced Technology. Vol: 1, Issue: 1

[2] Wheeler, S., 2005. Factors Influencing Agricultural Professionals’ Attitudes Toward Organic
Agriculture and Biotechnology. Center for Regulation and Market Analysis, University of South
Australia

[3] Zaka, M; Abbasi, B. H; Rahman, L; Shah, A; and M. Zia. 2016. Effect of green synthesized silver
nanoparticles on seed germination and seedling growth in wheat. International Journal of Agronomy
and Agricultural Research (IJAAR). Vol. 12, No. 4, p. 1-7.

[4] Sabir, Sidra; Arshad, Muhammad; Satti, Seema. Hassan¢Tayyaba, Batool; and Farah, Fargaulit. 2018.
Effect of green synthesized silver nanoparticles on seed germination and seedling growth in wheat.
International Journal of Agronomy and Agricultural Research (IJAAR). Vol. 12, No. 4, p. 1-7.

[5] Igbal, Muhammad., Raja, N.l., Mashwani, Zia-Ur-Rehman:.Wattoo, F. H., Hussain, Mubashir., and
Muhammad, Ejaz. 2018. Assessment of Green Synthesized Silver Nanoparticles in Wheat Seedlings at
the Anatomical Level in Relation to Their Uptake<Translocation, and Accumulation. J Sci Technol
Trans Sci., Iran.https://doi.org/10.1007/s40995-018-0639-0

| University of Al-Qadisiyah , College of Agriculture 28
DOI: 10.33794/qjas.2024.145858.1157 This is an open access article under the CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/)



https://doi.org/10.1007/s40995-018-0639-0
https://doi.org/10.1007/s40995-018-0639-0

Al-Qadisiyah Journal For Agriculture Sciences (QJAS) é'g QJAS
ISSN : 2618-1479 Vol.14, Issue. 1 ,(2024), pp. 23-29 ﬁ\ﬁ?jﬁ;ﬁ&“fﬁi
https://jouagr.qu.edu.ig/ !m_n “_mo.

[6] Mehta, C.M., Srivastava, R., Arora, S., and Sharma, A.K.2016.Impact assessment of silver
nanoparticles on plant growth and soil bacterial diversity. 3 Biotech., 6(2):254.

[7] Singh, Yadvinder., Kaushal, Sandeep., and Ramandee.Singh. Sodhi. 2020. Biogenic synthesis of silver
nanoparticles using cyanobacterium Leptolyngbya sp. WUC 59 cell-free extract and their effects on
bacterial growth and seed germination. Journal The Royal Society of Chemistry., 2020, 2, 3972-3982.
https://doi.org/10.1039/DONA00357C.

[8] Asanova, A. A.; S. E. Yashin, T. V Trofimova, & V. I. Polonskiy, Application of silver nanoparticles to
improve wheat seedlings growth. IOP Conference Series: Earth and Environmental Science, 315 (2019)
052041. https://doi.org/10.1088/1755-1315/315/5/052041.

[9] Eren, Abdullah. 2020. Biyolojik Olarak Sentezlenen Giimiis Nanopartikiillerin Bugday (Triticum
aestivum L.) Tohumlarinin Cimlenmesine Etkisi. ISPEC Journal of Agr. Sciences., Turkey 4(2).

[10] Jhanzab, Hafiz Muhammad., Abdul Razzaqg., Bibi, Yamin<.Yasmeen, Farhat., Yamaguchi, Hisateru.,
Hitachi, Keisuke«.Tsuchida, Kunihiro., and Setsuko Komatsu. 2019. Proteomic Analysis of the Effect of
Inorganic and Organic Chemicals on Silver Nanoparticles in Wheat. International Journal of Molecular
Sciences., Pakistan. 2019, 20, 825.

[11] Anna, B.; K. Barbara, & O. Magdalena, How the surface properties affect the ancytotoxicity of silver?
Study of the influence of three types of nanosilver on two wheat varieties. Acta Physiologiae Plantarum,
40 (2018) 31 https://doi.org/10.1007/s11738-018-2613-z.

[12] Razzaqg, A., Ammara, R., Jhanzab, H.M., Mahmood, T«.Hafeez, A., and S. Hussain. 2016. A Novel
Nanomaterial to Enhance Growth and Yield of Wheat. Journal of Nanoscience and Technology.,
Pakistan. 2(1) :55-58.

[13] Kulikova, A. Natalia., Volkov, S. Dmitry., Volikov, B.Alexander., Abroskin, P. Dmitry., Krepak, I.
Alexey., and Irina V.Perminova. 2020. Silver nanoparticles stabilized by humic substances adversely
affect wheat plants and soil. J Nanopart Res., 22:100

[14] Zein, R. ; I. Alghoraibi, C. Soukkarieh, A. Salman, & A. Alahmad, In-vitro anticancer activity against
Caco-2 cell line of colloidal nano silver synthesized using aqueous extract of Eucalyptus Camaldulensis
leaves. Heliyon, 6 (2020) e04594. https://doi.org/10.1016/j.heliyon.2020.e04594.

[15] Salama, H.M. 2012. Effects of silver nanoparticles in some crop plants, common bean (Phaseolus
vulgaris L.) and corn (Zeamays L.)., Int J Biotechnol. Res 3(10):190-197.

[16] Abou-Zeid, H. M. 2014. Physiological and cytogenetic responses of wheat and barley to silver
nanopriming treatment. International Journal of Applied Biology and Pharmaceutical Technology, 5(3).
PP.265-278.

[17] Hojjat, S. S. (2015). Impact of Silver Nanoparticles on Germinated Fenugreek Seed. International
Journal of Agriculture and Crop Sciences 8 (4). PP 627-630.

[18] Parveen, Asra., and Srinath, Rao. 2013. Effect of Nanosilver on Seed Germination and Seedling Growth
in Pennisetum glaucum.J Clust Sci., DOI 10.1007/s10876-014-0728-y.

[19] Al-Nori, M. A.,(2017). Effect of Wheat and Barley Seed Priming Treatments on Behavior of Growth
and Yield of Plant, Mesopotamia J. of Agric. VVol. (45) No. (1).

[20] Farghaly, Fatma. Aly; and Nivien, Allam. Nafady. 2015 Green Synthesis of Silver Nanoparticles Using
Leaf Extract of Rosmarinus officinalis and Its Effect on Tomato and Wheat Plants.Journal of
Agricultural Science; Vol. 7, No. 11; 2015.

| University of Al-Qadisiyah , College of Agriculture 29
DOI: 10.33794/qjas.2024.145858.1157 This is an open access article under the CC BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/)



tel:2020
tel:2020
https://doi.org/10.1007/s11738-018-2613-z

