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Abstract: Nano-priming is a pioneering method of treating seeds that improves 

seed germination, growth, and yield by imparting resilience to several plant 

stressors. Zinc oxide (ZnO) is a nanomaterial with a specific surface area, high pore 

volume, low toxicity, and an extended lifetime, and used in nano-priming. This 

study aimed to determine the effect of ZnO nanoparticles (NPs) on seed 

germination and root length in determining the optimum concentration of ZnO-

NPs for soya plants. The transmission of electron microscopy (TEM) and zeta 

potential measurements were used to characterize ZnO-NPs. Soya seeds were 

treated with different concentrations of ZnO-NPs (0, 250, 500, 1000 and 2000 mgL-

1) for 24 h. to determine the optimum concentration of ZnO-NPs for selected 

variants.  After priming, the germination percentage and root length of each 

treatment were measured. The effect of ZnO nanoparticles (in soya plants was 

investigated by comparing them with seeds germinated in a control (hydro-

priming) medium. The investigation demonstrated that the high concentration of 

ZnO NPs had an adverse impact on both seed germination and root length. Based 

on this, it was suggested that studies should be conducted including different 

concentrations of ZnO nanoparticles, which are thought to have a complex 

structure, to understand the mechanism of action, to find the appropriate 

concentration for soybean plants, and to increase seed germination. 

1. INTRODUCTION 

Seed priming, which often occurs during the first stage of germination, triggers metabolic 

processes that result in a higher percentage of germination and a faster emergence rate (Nile et 

al., 2022). At the same time, this process increases the ability of seeds to survive abiotic 

challenges and provides for their survival (Khan et al., 2023). Seed priming techniques often 

used include hydropriming (using water), Osmo priming (using polyethylene glycol and 

inorganic salts), hormonal priming, and nutritional priming. (Paparella et al., 2015; Sytar et al., 

2019). Classic hydro priming involves soaking the seeds in water before drying them. So, seeds 

absorb water rapidly, increasing germination rates, and seedlings emerge uniformly. 

Over the last decade, the use of nanoparticles for nutrient priming has significantly increased, 

surpassing other seed preparation methods (Zain et al., 2023). The process of nano priming 

forms nanopores in the embryo, aiding in water absorption (Gupta et al., 2024). In addition, 

nanoparticle (NP) stimulates amylase, which in turn promotes seed germination, causing starch 
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degradation. Nano-priming mechanisms in seeds may speed up the growth of roots by changing 

the transcription of genes that control metabolic processes, such as making phytohormones 

(Imtiaz et al., 2023). Nanoparticles' most important roles in seed preparation are their ability to 

create electron exchange and their higher surface interaction capacity with different parts of 

plant cells and tissues. Different metal-based nanoparticles, along with biogenic and polymeric 

nanoparticles, have been used as seed pretreatment agents in nutrient priming. These include 

Ag, Au, Cu, Fe, FeS2, TiO2, Zn, and ZnO NPs. Among them, researchers are interested in Zn 

NPs because they are different from other metal oxide nanoparticles in that they can 

photocatalyze and photo-oxidize chemical and biological species (Chikkanna et al., 2019). Zinc 

doesn't dissolve well in soil, so plants don't have any of it. Zn NPs applications can solve this 

problem by providing plants with a form of zinc that dissolves better and is easier to use because 

it is very reactive. Rameshraddy et al. (2017) have demonstrated that priming seeds with Zn 

NPs enhances their Zn content, thereby promoting improved seedling growth and yield. 

Nanoparticles' size, zeta potential, type, and concentration (Santás-Miguel et al., 2023) can 

either help seeds germinate or stop them from doing so (Alobaiddy & Zorer Çelebi, 2022; Das 

et al., 2020; Hassanisaadi et al., 2022; Li et al., 2021). In addition to NP characteristics, the 

effect of ZnO nanoparticles on plants also varies with plant age and species (Burman et al., 

2013). ZnO nanoparticles have been shown to aid in the growth of plants such as mung bean 

(Vigna radiata), chickpea (Cicer arientinum), cucumber (Cucumis sativus), alfalfa (Medicago 

sativa L.), and tomato (Solanum lycopersicum) (Mahajan et al., 2011; de la Rosa et al., 2013). 

Research on the exposure of ZnO NPs should include many plant species and variants since the 

impacts of ZnO NPs are unique to plants (Wang et al., 2023). Further investigation is required 

to fully comprehend the consequences of NPs and reveal their concentration and variant 

dependence. The possibility that the ZnO NPs may have beneficial effects on the germination 

process makes the studies valuable in this area. 

Given their economic significance, practical convenience, and various variants, soybeans are 

ideal model plants to test the impacts of these nanoparticles. Before the widespread application 

of ZnO NPs in agricultural environments, it is necessary to develop empirical models based on 

controlled experiments and field research. There is a limited amount of research that particularly 

examines the biological impacts of ZnO NPs on the process of seed germination and the 

development of various plant varieties (Faizan et al., 2020; Thounaojam et al., 2021). The 

studies indicate that high concentrations such as 500 mg/kg (Yoon et al., 2014), 500 mgL 

(Lopez-Moreno et al., 2010) and 400 mg/kg (Yusefi-Tanha et al., 2020) of ZnO NP negatively 

affects the growth and development of soybeans. On the other hand, low concentrations 50 mgL 

(Gaafar et al., 2020), <160 mg/kg (Yusefi-Tanha et al., 2020) effect positively root 

development and seed production, as well as 200 mg/kg the optimum root development in 

soybeans (Yusefi – Tanha et al., 2022). There are still unresolved scientific uncertainties 

surrounding the influence of nanoparticles on plants, namely different soybean variants with 

higher concentrations. Therefore, this research used a highly economic variant of Glycine max 

L. as a model to describe the effects of ZnO NPs on seed germination and root length. 

The study's goal was to determine whether we could use different amounts of ZnO NPs as nano 

priming agents instead of hydropriming to aid in soya seed germination and improve their 

metabolic activity. The research further aimed to evaluate the influence of ZnO NPs on soybean 

plants and ascertain the optimal dosage for maximum effectiveness. We can use ZnO NPs to 

increase the Zn concentration in soybean seeds, which enhances their nutritional quality and 

speeds up germination. This approach may serve as an alternative to traditional hydropriming 

methods. 
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2. MATERIAL and METHODS 

2.1. Plant Material 

In our research, we used ANP 2018 seeds from a widely cultivated and easily grown soybean 

variety. The variety's thousand-grain weight is 121–131 g, and the growing period is near the 

middle (I. product: 135–140 days, II. product: 108–112 days) (ANP 2018, 2023). We obtained 

the variety of seeds from the Eastern Mediterranean Agricultural Research Institute Directorate. 

2.2. Characterization of ZnO Nanoparticles 

The ZnO NP used in the research was purchased from Nanography Turkey 

(https://shop.nanografi.com.tr). The nanoparticles that are provided have a purity level of at 

least 99 percent and an average size of less than 100 nanometers. The characterization research 

of ZnO nanoparticles included assessing the dimensions and distribution of the particles. The 

study was performed at Canakkale Onsekiz Mart University Science and Technology 

Application and Research Centre (COBİLTUM) utilizing a JEOL JEM-1400 PLUS 

Transmission Electron Microscope (TEM) model. The Zetasizer apparatus at the Turkish 

Energy, Nuclear, and Mining Research Institute (TENMAK) was used to estimate the zeta 

potential, which measures the level of repulsion or attraction between particles. 

2.3. Seed Priming Method 

This study used two distinct methodologies to investigate the effects of water and nanoparticles 

on seed preparation: Hydropriming, which simply employed water, and nano-priming, which 

included the dispersion of ZnO nanoparticles in water. The seeds were mixed in a magnetic 

stirrer in a 0.1% sodium hypochlorite solution for surface sterilization for ten minutes. 

Following sterilization, the seeds were thoroughly rinsed three times with deionized water to 

eliminate any traces of chlorine. Subsequently, the seeds were left to dry naturally (Mohamed 

et al., 2019). To manufacture the seeds, ZnO nanosuspensions with varying concentrations (0, 

250, 500, 1000, and 2000 mgL-1) were produced by dispersing the particles in deionized water 

using ultrasonic vibration (200 W, 37 kHz) for 30 minutes (Hòe et al., 2018). The seeds that 

had been prepared were thereafter rinsed 3–4 times (with each rinse lasting 3 minutes) using 

distilled water and then dried until they regained their initial moisture content. Subsequently, 

the seeds were packed in polythene bags and kept at ambient temperature until their next use. 

2.4. Seed Germination Parameters 

The seeds were placed inside a petri dish with a diameter of 10 cm, resting on two filter paper 

discs. The germination experiment was carried out in three replicates, and each treatment group 

consisted of a total of 100 seedlings. The seeds were incubated in an oven at a temperature of 

24 ± 2 °C to initiate germination. 

2.4.1. Screening of different concentrations of ZnO NPs and priming time for seed priming 

To determine the ideal concentrations of nanoparticles for experimental purposes, four 

solutions were created with ZnO NPs at concentrations of 250 mgL-1, 500 mgL-1, 1000 mgL-1, 

and 2000 mgL-1. Soybean seeds were soaked in ZnO NP solutions at varying concentrations for 

24 h at room temperature with continuous aeration and shaking. Hydroprimed seeds were 

soaked in deionized water for the same period (Mohamed et al., 2019). Each petri dish was 

filled with ten seeds and coated with filter paper. The dishes were then sealed with parafilm 

tape. Ultimately, all petri dishes were incubated in an oven at a temperature of 24 ± 2 °C. The 

germinating seeds were quantified using a binocular stereo microscope based on the appearance 

of a 2 mm root. The germination percentages and root lengths in mm were measured at time 

intervals of 15, 21, 24, 48, 72, and 96 hours (Hòe et al., 2018). 

2.5. Statistical Analysis 

We presented the data as the mean and standard deviation of three replicates for each treatment. 

They were then put through a two-way analysis of variance (ANOVA) using the R and R Studio 

(R Studio Team, 2020; R Core Team, 2021).  We used a two-way ANOVA test to evaluate the 

https://shop.nanografi.com.tr/
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effect of two grouping variables (treatment and duration) on a response variable, germination 

percentage or root length. Four ZnO NP solutions and the untreated control group comprised 

the five levels of the first factor, which related to the concentrations the seeds encountered 

(treatment). The second factor is related to temporal measurement, specifically the six-time 

intervals during which we conducted the measurements. The ANOVA assumptions were 

checked using the Shapiro-Wilk test for normal distribution and Levene's test for homogeneity 

of variance. Next, we performed a square root transformation on the root length data to meet 

the required assumptions. We used Duncan's multiple-range test to validate the statistical 

significance of the average difference between certain pairs of groups. (Açıkgöz et al., 2004). 

3. FINDINGS 

3.1. Characterisation of ZnO Nanoparticles  

Transmission electron microscopy (TEM) analysis of ZnO NPs at various concentrations 

revealed that the ZnO NPs had an average size of 30-50 nm and exhibited a spherical 

morphology. Furthermore, the process of combining or gathering together in the cluster of 

sponge-like particles was documented   and shown in Figure 1. The analysis revealed that a 

solution containing 250 mgL-1 of ZnO NPs had an average zeta potential of 11 ± 3.82 mV 

(Figure 2a). The solutions containing 500 mg/L-1, 1000 mg/L-1, and 2000 mg/L-1 of ZnO 

nanoparticles exhibited average zeta potentials of 11.1 ± 3.36 mV (Figure 2b), 9.25 ± 3.23 mV 

(Figure 2c), and 7.79 ± 3.10 mV (Figure 2d), respectively 

Figure 1. TEM micrograph of dispersion and dispersion of ZnO suspension at four different 

concentrations (250, 500, 1000, 2000 mgL-1). (x 300000) (a) 250 mgL-1, (b) 500 mgL-1 particle 

aggregation, (c) 1000 mgL-1 particle aggregation, (d) 2000 mgL-1 particle aggregation. 
 

  

  

Figure 2. Zeta potential values of ZnO suspension at four different concentrations (250, 500, 1000, 2000 

mgL-1). (a) 250 mgL-1, (b) 500 mgL-1, (c) 1000 mgL-1, (d) 2000 mgL-1. 

     (a)   (b) 

(c)     (d) 
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3.2. Accumulation of ZnO Nanoparticles in Seed Coat 

The images of soya seeds treated with different concentrations of ZnO nanoparticles at the end 

of 24 hours were examined by Scanning Electron Microscopy (SEM). It was observed that as 

the number and concentration of nanoparticles penetrating the seed increased, the accumulation 

in the seed coat increased significantly in parallel (see Figure 3). 

 

Figure 3. SEM micrograph of nanoparticle accumulation in seed coat. (x 5000) (a) Untreated, (b) 250 

mgL-1, (c) 500 mgL-1, (d) 1000 mgL-1, (e) 2000 mgL-1. 

3.3. Effect of ZnO Nanoparticle on Germination of Soybean 

The germination percentage progressively increased with time in both the untreated and 

treatment groups. However, the maximum value was seen at the 72nd and 96th hours (Table 1 

and Figure 4). The lowest germination percentage was seen at the 15th hour in both the 

untreated and treated groups with varying doses of ZnO NPs. Overall, the germination 

percentages quickly rose after 48 hours in both the untreated and treatment groups. The 

germination percentage indicated variability during 96 hours of the experiment (F=58.16, df=6, 

p<0.001). 

Table 1. Effect of ZnO nanoparticle on germination of soya bean seeds. 

 

Variety 
ZnO NP 

Concentration 

(mgL-1) 

Germination Percentage (%) 

15th 

hour 

18th 

hour 

21st 

hour 

24th 

hour 

48th 

hour 

72th 

hour 

96th 

hour 

 

 

ANP 2018 

0 60a 72a 74
a 79a 83a 90a 91a 

250 19b 37b 37b 44b 57
b 61b 69b 

500 20b 35b 39b 44b 67b 67b 78ab 

1000 18b 26b 33
b 40b 55b 63b 79ab 

2000 20b 32b 38b 48b 57b 67b 82ab 

MSE (Mean Square Error) 90.2 97.13 110.4 99.3 119.6 42.3 50.4 

*There is no difference between the values shown with the same letters. 

Similarly, the germination percentage varied within treatments in all temporal measurement 

groups, and this variation was statistically significant (F=51.25, df = 4, p<0.001). The untreated 

group significantly contributed to this variation. The germination percentage of the untreated 

group was higher than that of the treatment groups, and the differences between the germination 

percentage of the untreated group and that of the treatment groups were statistically significant 

for all temporal measurement groups (p<0.001). Among treatment groups, the germination 

percentage of seeds exposed to high concentrations of ZnO NP was high compared to the seeds 

exposed to low concentrations at the 96th hour of the experiment. Among treatment groups, the 

germination percentage of seeds exposed to high concentrations of was high compared to the 

seeds exposed to low concentrations at the 96th hour of the experiment (see Table 1). 
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Figure 4. Effect of ZnO nanoparticle on germination percentage of soya bean seeds at the end of 96th 

hour a: control, b: 250 mgL-1, c: 500 mgL-1, d: 1000 mgL-1, e: 2000 mgL-1. 

3.4. Effect of ZnO Nanoparticle on Root Length of Soybean 

Root lengths obtained in the study are presented in Table 2. The root length got longer in the 

untreated group until they reached their longest point at 96 hours (Figure 5). There was no 

significant variation in root lengths between the 15th and 24th hours (p > 0.05, Table 2). The 

findings were consistent across all different ZnO NP treatments, indicating that there were no 

significant changes seen between the 15th and 48th hours (p > 0.05). In all treatments, the length 

of the roots exhibited growth at 72 hours, with the exception of the untreated group. The growth 

accelerated at the 48th hour in the untreated group (see Table 2). At the 96th hour, all treatment 

groups, including the untreated group, achieved the highest value. There was a significant 

difference among the root lengths of all experimental groups (F = 112.7, df=4, p<0.001). Root 

length was highest at the untreated group (p<0.001). The mean root length in the untreated 

group was longer than that in the all-treatment groups at the all-temporal measurement groups 

(p<0.001). 

Table 2. Effect of ZnO nanoparticle on root length of soya bean seeds.  

  Average Root Length (cm) 

Variety 
ZnO NP 

Conct. 

(mgL-1) 

 

15th 

hour 

 

18th 

hour 

 

21th 

hour 

 

24th 

hour 

 

48th 

hour 

 

72th 

hour 

 

96th 

hour 

ANP    

2018 

0 0.56±0.13a 0.73±0.22a 0.81±0.22a 0.81±0.21a 1.91±0.98a 2.90±1.61a 7.22±5.30a 

250 0.24±0.13b 0.32±0.16b 0.32±0.16b 0.33±0.15b 0.71±0.3b 0.96±0.58b 1.44±1.12b 

500 0.28±0.14b 0.36±0.21bc 0.36±0.21bc 0.37±0.20bc 0.6±0.31b 1.03±0.47b 1.68±1.42b 

1000 0.24±0.11b 0.35±0.19bc 0.43±0.20bc 0.44±0.19bc 0.81±0.4b 0.93±0.53b 1.51±1.29b 

2000 0.29±0.09b 0.43±0.18c 0.45±0.21c 0.45±0.20c 0.78±0.3b 0.95±0.55b 1.52±1.47b 

MSE (Mean 

Square Error) 
0.002 0.003 0.003 0.004 0.009 0.02 0.33 

*There is no difference between the values shown with the same letters. 

 

Figure 5. Effect of ZnO nanoparticle on root length of soya bean seeds at the end of 96th hour.  

 



Akbay & Yalçın                                                                                                  Int. J. Sec. Metabolite, Vol. 12, No. 1, (2025) pp. 204-215 

210 

4. DISCUSSION and CONCLUSION 

Zeta potential analysis measured the stability of ZnO NPs at different concentrations in this 

study. The ZnO NPs we studied were moderately stable and dispersed. The ZnO NP parts in 

the suspension can be used as a seed priming agent (Ateş, 2018). In our study, we measured the 

zeta potential lower than what Sharma et al. (2022) recorded. Furthermore, our study measured 

the zeta potential positively. There were functional groups on the surface of NP that gave it a 

positive charge. These groups consisted of hydroxyl (OH) or amine (NH2) groups. Therefore, 

the higher pH values (alkaline) of the ZnO NP environment also explain the positive zeta 

potential (Hunter et al., 1981). This phenomenon contributed to their stability, dispersion, and 

interactions with biological systems. On the other hand, low stability increases the possibility 

of particles adhering to one another (Hidayat Chai et al., 2018). Our results indicate that ZnO 

NPs exhibited lower stability at a concentration of 2000 mgL-1, leading to increased particle 

agglomeration. The SEM visualization supports this conclusion. 

Seed germination and early seedling production are crucial phases in plant growth. The positive 

and detrimental effects of ZnO-NP use on plant development depend on the concentration used 

(Faizan et al., 2020; Rajput et al., 2021). In a study with maize and wheat, it was confirmed 

that germination percentage increased at lower ZnO NP concentrations (100 mgL-1), but 

decreased variably at higher levels (150–200 - 200 mgL-1) (Srivastav et al., 2021). In our study, 

seeds showed germination in all treatments, suggesting that ZnO NPs had a positive effect. ZnO 

NPs significantly increase seed water uptake compared to conventional hydropriming (El-

Saadony et al., 2021; Rai-Kalal &Jajoo, 2021). The studies demonstrate that rapid absorption 

of water molecules and ZnO nanoparticles during nano-priming allows them to enter the seed 

through the seed coat's cell wall, leading to the production of ROS, a signal for fast seed 

germination (Mahakham et al., 2017; Sharma et al., 2021). As a result of ZnO nanocoating 

applications, increased seed water uptake promotes metabolic activity. Taking in water 

accelerates the process of breaking down starch by activating germination enzymes such as α-

amylase. This makes seed germination much better in the early stages. Nano priming controls 

the aquaporin and α-amylase genes, making them better at quickly taking in water from the 

seed, breaking down starch, making more soluble sugar, starting GA signaling pathways, and 

getting rid of ROS to help seeds germinate faster and healthier (Khan et al., 2023). 

Researchers found that priming with ZnO NP increased the germination percentage in soybean 

(Montanha et al., 2020) and wheat (Munir et al., 2018). However, Rosa et al. (2013) found that 

ZnO NPs at a concentration of 1600 ppm slowed the germination of Cucumis sativus 

(cucumber) by 10% and sped up the germination of Solanum lycopersicum (tomato) and 

Medicago sativa (black clover) by 20% and 40%, respectively. In a different study, it was found 

that high levels of ZnO NPs reduce the growth and germination of pepper seeds and seedlings, 

showing that ZnO NPs are toxic (García-López et al., 2018). The results of our study are 

consistent with the literature indicating that high concentrations of ZnO NP reduce the 

percentage of germination in soybeans. Seeds treated with high concentrations of ZnO 

nanoparticles may have nanoparticle deposits on the outer surfaces. This situation may naturally 

block the pores of the seed coat, disrupting the water uptake necessary for germination. As a 

result, the seed is unable to absorb water sufficiently (Johns & Cahill, 2018). This event disrupts 

metabolic processes such as enzyme activation, protein synthesis, RNA synthesis, and cell 

division, among others. Accordingly, cellular oxidative stress begins to increase, and the 

antioxidant defence system weakens. This may delay the germination of seeds. 

As in the germination percentage, previous studies reported that the root length of plants 

exposed to low ZnO NP concentrations (for example, 10 mgL-1) increased (Itroutwar et al. 

2020, Nemček et al. 2020, Youssef & Elamawi 2020). It is known that zinc is needed to make 

certain hormones, like auxins and gibberellins, which explains why the length of the radicle and 

plumule grows when ZnO NPs are present. Consequently, the radicle and plumule length of 

NP-exposed seeds increase. Zinc is essential for the biosynthesis of endogenous hormones, 
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including auxins and gibberellins, which explains the increase in radicle and plumule length in 

the presence of ZnO NPs. Consequently, the radicle and plumule length of NP-exposed seeds 

increase (Cakmak, 2008; Prasad et al., 2012). On the other hand, the toxic effect of the high 

concentration of ZnO NP (1,000 mgL−1) reported as reducing the root length of corn and 

cucumber (Zhang et al., 2015). Also, research has linked high levels of ZnO NP (100–200 mgL-

1) to phytotoxicity by creating chromosomal errors, micronuclei, and vacuolated nuclei 

(Youssef & Elamawi 2020). Our study's result is consistent with this literature: high 

concentrations of ZnO NP exposure negatively affect root length in soybeans. 

We used the nano-priming method to test ZnO nanoparticles on soy bean seeds at 15, 21, 24, 

48, 72, and 96 hours to see how they changed the number of seeds that germinated and the 

length of the roots. The concentrations we tested were 0, 250 mgL-1, 500 mgL-1, 1000 mgL-1, 

and 2000 mgL-1. ZnO had near-spherical structures with an average particle size of 30–50 nm. 

In solution, the zeta potential values of four different suspensions of ZnO NPs showed moderate 

stability and dispersion. At high concentrations, these characterized ZnO NPs had a negative 

effect on germination percentages and root lengths compared to the control groups. This 

statement is compatible with the results of previous studies on various plant species and 

varieties. These findings can help us understand the mechanism of action of high-concentration 

ZnO nanoparticles. However, given the intricate nature of the impact mechanisms, further 

research is necessary prior to agricultural application to boost plant growth and mitigate adverse 

effects. 
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