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In order to evaluate the effect of Ag synthesized from fennel on seed germination, growth
and biochemical characteristics of hybrid single cross 704 corn seedlings, an experiment
was carried out in a randomized complete block design with three replications at the
University of Mohaghegh Ardabili in 2021. Experimental factors included synthesized Ag
nanoparticles (0, 0.001, 0.1, 0.25, and 0.75 mg L) and the application methods of Ag
nanoparticles (seed priming and adding to the culture medium). The results showed that in
both methods of nanoparticle application, with the use of different concentrations of Ag
nanoparticles, there was a significant increase in the percentage and speed of germination,
mean daily germination, germination simultaneity index, vigor index, length and dry weight
of corn seedlings and a decrease in the mean germination time, D50 of corn seeds were
germinated. Among the nanoparticle application methods, seeds priming with 0.001 mg L™
and adding 0.1 mg Lt Ag nanoparticles had a greater effect on improving germination,
seedling growth, and increasing seed vigor index. By adding 0.1 mg L-* of Ag nanoparticles
to no priming, it resulted in the highest germination persentage, synchronicity index, mean
daily germination and the lowest mean germination time. The use of different concentrations
of Ag nanoparticles in both application methods increased the activity of catalase,
peroxidase, polyphenol oxidase enzaymes and proline content compared to the control
treatment. Therefore, the use of a concentration of 0.001 mg L of Ag nanoparticles as a
priming can be suggested to improve seed germination, growth, and biochemical
characteristics of corn seedlings.
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EXTENDED ABSTRACT

Introduction

Maize (Zea mays L.) is one of the most important grains in
providing human food and animal and poultry feed due to
its high sugar and starch content. According to the
physiological processes of plant growth, germination is one
of the most important and sensitive stages of the life cycle
of plants, which, as the first developmental stage, has a
significant effect on plant growth and development. It is
clear that good germination followed by proper
establishment in the field can provide a way to produce a
product with high quantity and quality. On the other hand,
with the industrialization of agriculture, the use of high-
quality seeds in crops and the need to obtain seeds with high
commercial efficiency, corn seed producers are trying to use
advanced technologies in seed production and management.
One of these methods is the use of nanoparticles, which, due
to their involvement in sensitive biological processes in
plants, improves the quality and quantity of agricultural
products. There are different methods for the synthesis of
nanoparticles, and one of these methods is green synthesis
using plant extracts. One of the advantages of plant extracts
utilization in the synthesis of nanoparticles is the presence
of a wide range of secondary metabolites such as
polyphenols, alkaloids, terpenoids, quinones, and tannins.
Therefore, this study aimed to evaluate the effect of green
synthesized Ag on the seed germination, growth, and
biochemical characteristics of corn (704 single cross hybrid
cultivar) seedlings.

Materials and methods

In order to prepare an aqueous extract, 10 grams of dried
fennel leaves were added to 100 ml of water and kept in a
shaker for 24 hours. For the synthesis of silver nanoparticles,
10 ml of the aqueous extract of fennel leaves was added to
90 ml of a 1M solution of silver nitrate (Merck, Germany)
and incubated at room temperature in the dark for 24 hours.
The change in the color of the extract from pale yellow to
dark color indicates the synthesis of silver nanoparticles.
Then, the extracts containing nanoparticles were centrifuged
at 800 rpm for 20 minutes and dried in an oven at 70 °C for
five hours. Fourier transform infrared spectrum (FTIR),
XRD, transmission electron microscope (TEM), and
scanning electron microscope (SEM) were used to evaluate
the morphological characteristics of the synthesized
nanoparticles.

Experimental factors included synthesized Ag nanoparticles
(0, 0.001, 0.1, 0.25, and 0.75 mg L-1) and application
methods (seed priming and adding to the seedbed). Corn
seeds (Hybrid Single Cross 704) were randomly divided into
two parts. One part of the seeds was treated for two hours
with different concentrations (zero, 0.001, 0.1, 0.25, and
0.75 mg of silver nanoparticles were pretreated. Distilled
water was used to apply the control (zero concentration of
Ag nanoparticles) treatment.

To perform the standard germination test, three replicates of
50 seeds from each treatment (pre-treated seeds and non-
pre-treated seeds) were randomly separated and cultivated
in Petri dishes using the top-paper method. For the
treatments of adding the Ag to seedbed, 15 ml of silver
nanoparticle solutions prepared with the above-mentioned
concentrations were added to the Petri dishes. It should be
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noted that 15 ml of distilled water was used for the pre-
treated seeds. After transferring the samples to the incubator
with a temperature of 25°C, the seeds were counted every
12 hours for seven days. At the end of test, the number of
normal seedlings counted and germination percentage,
average germination time, average daily germination,
germination simultaneity index, germination speed, time to
50% germination, and seed strength index. Furtheremore,
the length and dry weight of seedlings and biochemical
properties of (proline and H202 content, and activity of
antioxidant enzymes) seedlings were measured.

Results and discussion

The results showed that in both methods of nanoparticle
application, Ag nanoparticles significantly influenced the
corn seed germination and seedling growth characteristics and
biochemical properties. Pretreatment of the seeds with 0.001
mg L Ag nanoparticles or adding 0.1 mg L Ag nanoparticles
to the seedbed significantly improved the percentage and
speed of germination, germination synchronicity index,
strength index, length, and dry weight of corn seedlings and
decreased the average germination time, D50 of corn seeds.
In previous studies, it has been shown that the application of
nanoparticles increases the activity of some key enzymes such
as nitrate reductase, which can lead to increased water
absorption and increased seed germination. However,
increasing the concentration of Ag nanoparticles to 0.25 and
0.75 mg L* caused a significant decrease in the percentage
and speed of germination, the synchronicity index of seed
germination, average daily germination, and seedling weight
and length. In contrast, the average germination time, and D50
of corn seeds were significantly increased at the higher
concentrations of Ag nanoparticles. These results can be
attributed to the fact that Ag nanoparticles at the higher
concentrations (0.25 and 0.75 mg/liter) cause a disturbance in
the absorption of nutrients and induce oxidative stress that
finally causes toxicity to seeds and seedlings. Furthermore,
the utilization of Ag nanoparticles in both application
methods increased the activity of catalase, peroxidase,
polyphenol oxidase, and proline content compared to the
control treatment.

Conclusion

In general, our study showed that utilization of appropriate
and optimal concentrations of green synthesized Ag
nanoparticles in both methods of its application
(pretreatment and adding to seedbed) improved the seed
germination characteristics and seedling growth of corn.
The optimal Ag nanoparticle concentration was varied
depending on the application method. So, pre-treatment of
corn seeds with 0.001 mg L Ag nanoparticles and adding
0.1 mg L Ag nanoparticles to the seedbed are the most
effective concentrations to improve the germination and
growth indicators of corn. Also, the results of the present
study showed that the use of Ag nanoparticles by increasing
the activity of antioxidant enzymes has reduced the damages
caused by free oxygen radicals, which has led to the
improvement of germination and growth characteristics of
seedlings. Therefore, it can be concluded that the green
synthesized Ag nanoparticles at lower concentrations are
suitable stimuli for improving germination and seedling
growth.
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Table 2- Analysis of variance of germination characteristics of corn seeds under the influence of different
concentrations of silver nanoparticles (Nano-Ag) and its application methods (AM)
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Figure 6- The effects of silver nanoparticles and application methods treatments on seedling dry (a)
and seedling length (b) of corn
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Table 3-Analysis of variance of activity of antioxidant enzymes and Amino acid proline of corn seedlings under
different concentrations of silver nanoparticles (Nano-Ag) and its application method (AM)

Sla o e
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e G . SV 0 5T el NS 5T Il m
S.0.v. DF s waT ! T SIS 5
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ns, * and ** are non-significant and significant probability level of 5%, 1%, respectively
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Table 4- Comparison of the main effects of experimental factors on the activity of
antioxidant enzymes of corn seedlings
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In each column, means which followed by the same letter are not significantly different at 5% probability level.
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