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Abstract: In this study cold plasma based on corona discharge method was used. To investigate the effect of 

cold plasma treatment on seeds at different plasma exposure times compared to the control sample. A factorial 

experiment in a completely randomized design with three replications was used. Germination parameters such 

as germination percentage, germination rate, and root lengths were measured. The results showed a significant 

difference (p<0.01) compared to the control in improving root length and seed vigor indices. Cold plasma 

treatment significantly increased germination rate and percentage compared to the control and other treatments. 
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Introduction: Innovation with regard to food production and processing is required to meet the emerging 

challenges of global food security and the complexities of the modern food chain (Misra et al., 2016). Cold 

plasma has been introduced as a novel technology in the agricultural sector. This technology has the potential to 

be used for improving seed germination and plant growth. Corona discharge occurs when there are spatial 

inhomogeneities in the electric field, and for this purpose, asymmetric electrodes are usually used (Raizer, 

2011). Extensive research has been conducted on the optimization of early seed growth and cold plasma for 

various seeds, however, no research has been conducted in this regard on the chickpea varieties under 

investigation. 

Materials and methods: In this study, a vacuum pump, two asymmetric plate electrodes, and a hemispherical 

chamber (as shown in Figure 1) were employed to generate cold plasma using the corona discharge method. 

Each experimental unit consisted of 25 randomly selected seeds from each of the tested varieties. Chickpea 

seeds were exposed to cold plasma under vacuum for different time periods (0, 30, and 60 seconds). A control 

treatment without plasma exposure was also considered. To investigate the effect of cold plasma treatment on 

seeds at different plasma exposure times compared to the control sample, a factorial experiment in a completely 

randomized design with three replications was used. Following treatment of the experimental samples with cold 

plasma in both dry and wet exposure conditions, seed germination was evaluated in a laboratory environment 

and according to the International Seed Testing Association (ISTA) method. Germination parameters such as 

germination percentage, germination rate, and root lengths were measured. The germination percentage was 

calculated according to the equation 1 (Lo Porto et al., 2019): 

                                                                   G =
N

Nt
× 100                               (1) 

Where, N is the number of germinated seeds in each dish and Nt is the total of seeds in each dish. Germination 

rate was calculated for seeds according to equation 2 (Amnuaysin et al., 2019): 

                                                                  𝐺𝑖 = ∑
𝐺𝑡

𝐷𝑡
                                                                                              (2) 

Where, Gt is the number of seeds germinated per t day and Dt is number of days of germination. Seed vigor is 

calculated using equation 3 (Amnuaysin et al., 2019): 

                                                                  𝑉𝑖 =
𝐿𝑠×𝑃𝑔

100
                                                                                             (3) 

Where, Vi is seed vigor, pg is germination percentage, and Ls is average seedling length.. 

Results and Discussion: The results of the analysis of variance of the factorial experiment with the 

dependent variable of root length, the different factors and their interaction effects are shown in table 1. Samples 

exposed to cold plasma showed a significant difference (p<0.01) compared to the control in improving root 

length and seed vigor indices. Cold plasma treatment significantly increased germination rate and percentage 

compared to the control and other treatments. Additionally, root and shoot lengths were enhanced in the plasma-

treated samples compared to the control. The most effective treatment was the 30-second plasma exposure. As 

shown in figure 2, the average root length after 48 hours of sample incubation under germination conditions, 

with a 30-second exposure time to cold plasma, is highest in the Adel and Mansur varieties. Exposure to plasma 

for 30 seconds increased root length by 12.5% in Adel variety seeds and 18% in Mansur variety seeds. Since 

sufficient nutrient storage is essential for seed growth, the increase in average root length caused by cold plasma 



 

may lead to increased nutrient uptake and penetration into the seeds. As previous research has shown, plasma 

gas little effect on the germination rate of wheat seed, but it has an effect on growth parameters such as root 

length compared to the control, creating up to 1.2 times longer (Dobrin et al., 2015). 

Conclusion: It can be concluded that one of the effects of cold plasma on chickpea seed germination is the 

broader and better development of the plants root system. This can lead to increase water uptake, improves plant 

nutrition, and prevention of water stress. Therefore, cold plasma can be used as an effective method to improve 

chickpea seed germination. This technology can be potentially utilized in the future to increase the production of 

agricultural crops. 

Conclusion: It can be concluded that one of the effects of cold plasma on chickpea seed germination is the 

broader and better development of the plants root system. This can lead to increase water uptake, improves plant 

nutrition, and prevention of water stress. Therefore, cold plasma can be used as an effective method to improve 

chickpea seed germination. This technology can be potentially utilized in the future to increase the production of 

agricultural crops. 

References  

[1] Amnuaysin, N., Hathaichanok, K., Supenya, Ch. & Nopporn, P. (2018). Seed germination and seedling 

growth of rice dielectric barrier discharge plasma, Songklanakarin J. sci, vol. 40, pp. 819-823.  

[2] Dobrin, D., Mandache, N.B., & Ionita, M.D. (2015). The effect of non-thermal plasma treatment on wheat 

germination and early growth, Innovative Food Science & Emerging Technologies, vol. 29, pp. 255-260. 

[3] Loporto, Ch., Lucreaia, S., Francesca, B. & Antonio, F. (2019). Cold plasma pretreatment improves the 

germination of wild asparagus, Scientia Horticulturae, vol. 256: 108554. 

[4] Misra, N., Schluter, O., Cullen, P., (2016). Cold plasma in food and agriculture. Academic press is an 

imprint of Elsevier. Chap 4, pp. 83-112. 

[5] Raizer, Y., (2011). Gas discharge physics. Springer, New York. ISBN: 978-3-642-64760-4. 

 

 

 

Table 1: The results of the analysis of variance of the factorial experiment 

Source of 

Variation 
df 

Germination 

Percentage 

Germination 

Rate 
Seed Vigour Root Length 

Exposure 2 4.525 ns 2.230 ns 118.414 ** 1840.097 ** 

Moisture 1 79.053 ns 0.650 ns 0.594 ns 142.617 ** 

Variety 2 33.790 ns 2.40 ns 1664.668 ** 1594.727 ** 

Exposure × 

Moisture 
2 10.940 ns 0.80 ns 22.523 ** 1198.103 ** 

Exposure × 

Variety 
4 9.480 ns 0.90 ns 393.572 ** 186.005 ** 

Moisture × 

Variety 
2 19.520 ns 1.230 ns 13.128 ** 249.659 ** 

Exposure × 

Moisture × 

Variety 

4 4.780 ns 0.30 ns 113.603 ** 22.534 ** 

Error 36 23.39 1.23 1.154 2.001 

CV (%)  4.93 12.32 8.50 10.90 

Ns: No significant difference and **: Significant difference at the 1% level. 

 

 

 

 



 

 

Figure 1: Cold plasma reactor  using the corona discharge method 

 

 

 

Figure 2: Correlation between average root length and plasma exposure time 

 

0

5

10

15

20

25

0 30 60 

R
o

o
t 

L
en

g
th

 (
m

m
) 

Exposure Time (sec) 

Adel

Mansur

Azad


