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Abstract  
The purpose of this research was to determine the effect of cold plasma treatment duration on the characteristics of seed germination and seedling growth 
of different soybean cultivars (Sari, Saba, Arin, Katool and Williams). An experiment in the form of a nest-factorial design with four replications was 
performed at the Plasma Physics Research Center of Islamic Azad University, Tehran Research Sciences Branch and Seed and Plant Certification and 
Registration Instate (SPCRI) on Karaj in 2021. Seeds were exposed to cold plasma with using Argon gas for 30, 60, 180, 300 and 420 seconds. The 
results of analysis of variance showed that the effect of cultivar, class within cultivar, time of plasma treatment and their interaction were significant for 
all traits. Seeds treatment by cold plasma caused germination potential 53.3 percent increasement, as the lowest germination potential amount, 54.5 
percent investigated in Arian cultivar certified seeds control treatment and the most germination potential amount96.7 percent related to registered class 
of Williams cultivar seeds treated with cold plasma during180 and300 seconds the cultivar certified class seeds treated with cold plasma during60 
seconds. Katool cultivar certified class seeds treatment with cold plasma during30 and 60 seconds increased normal seedlings number from76 to100. 
The meanest germination time amounts related to control treatment and the lowest mean germination time amount was1.41 days and investigated in 
Williams cultivar registered class seeds treatment with cold plasma during 60 seconds. The lowest seedling length amount was 22 centimeters and 
belonged to Arian certified class seeds and the most seedling length was43.9 centimeters and belonged to Katool registered class seeds treated with cold 
plasma during180 seconds that indicated about100 percent increasement of the trait. Also the lowest and the highest seedling dry weights were 1and 1.7 
gram investigated respectively in Sari cultivar registered class seeds control treatment and Katool cultivar registered class seeds treated with cold plasma 
during300 seconds. The results of our study showed that 60s treatment cold plasma had the most positive effect on seed germination characteristics and 
seedling growth of commercial soybean cultivars. Therefore, cold plasma at the appropriate time duration could be a suitable technique for improving 
seed germination and seedling growth properties in soybean. 

Keywords: Dielectric barrier discharge, Germination index, Root length, Seedling length. 
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Figure 1- Dielectric plasma discharge device (a) and soybean seed treatment (b) 
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Table 1- Studied soybean commercuial cultivars and their seed classes  
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Table 2- Results of analysis of variance for seed germination characteristics and  
seedling growth of different soybean cultivars 
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1.49** 112.83** 534.52** 105.96** 3.21** 838.63** 509.56** 1061.30** 4 
dY0 

Cultivar 
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Class (within cultivar) 
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ns and **: Not significant and significant at 1% probability level, respectively 
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Table 3- Comparison mean of the effect of plasma treatment on cultivar and  

class within cultivar in studied traits in soybean 
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�R��# 0�R�
 ��� *

("�!�>) ���  
Cold plasma 

treatment time 
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"!��O _�2!�+# �P0��!� 

Germination 
potential 

percentage 

"!��O <����!� (%) 

Germination Rate 
(%) 

"!��O kQ�C�!�  

Germination 
index 

�h��+ "!��O �����!� 

(��0) 

Mean 
Germination 
Time (Day) 

*0�� 

Sari 

*0��� 
Registered 

0 85.50 ± 1.26f-m 92.75 ± 0.63a-k 57.12 ± 1.18g-p 2.65 ± 0.02d-h 
30 96.25 ± 0.85ab 98.13 ± 0.43a 66.19 ± 1.03a 1.54 ± 0.01lm 
60 96.00 ± 1.22abc 98.00 ± 0.61a 63.94 ± 1.22a-d 1.54 ± 0.01lm 
180 98.13 ± 0.66a 98.13 ± 0.66a 64.31 ± 1.25abc 1.67 ± 0.14i-m 
300 93.75 ± 0.75a-e 94.88 ± 0.37a-h 62.85 ± 0.69a-f 2.53 ± 0.01e-j 
420 95.25 ± 1.80a-d 97.13 ± 1.39a-d 63.51 ± 1.49a-d 2.30 ± 0.77f-m 

��C �7��/ 

Certified 

0 88.25 ± 1.11d-l 94.13 ± 0.55a-h 58.34 ± 1.06d-m 2.52 ± 0.12e-k 
30 94.50 ± 0.29a-d 97.25 ± 0.14abc 62.44 ± 0.29a-g 1.56 ± 0.00klm 
60 95.75 ± 0.48abc 97.88 ± 0.24a 63.69 ± 0.48a-d 1.80 ± 0.25h-m 
180 95.75 ± 1.49abc 97.38 ± 0.97abc 63.69 ± 0.48a-d 1.80 ± 0.25h-m 
300 95.50 ± 1.50a-d 97.25 ± 1.11abc 63.69 ± 0.48a-d 1.80 ± 0.25h-m 
420 90.00 ± 1.29b-i 93.25 ± 1.44a-j 63.69 ± 0.48a-d 1.80 ± 0.25h-m 

�=P 

Saba 

*0��� 
Registered 

0 72.75 ± 3.66p 82.38 ± 2.38n 63.69 ± 0.48a-d 1.80 ± 0.25h-m 
30 85.75 ± 3.50f-m 88.88 ± 3.33g-m 55.40 ± 2.81j-r 2.07 ± 0.20f-m 
60 88.75 ± 1.93c-k 92.38 ± 1.76a-l 57.48 ± 1.84f-o 1.84 ± 0.16g-m 
180 91.00 ± 1.29a-h 94.00 ± 1.47a-h 59.41 ± 1.15c-l 1.82 ± 0.16h-m 
300 81.75 ± 1.44k-o 87.88 ± 1.71i-n 51.91 ± 1.15o-t 2.18 ± 0.30f-m 
420 84.50 ± 1.76h-n 90.25 ± 2.03e-l 49.99 ± 0.62rst 2.17 ± 0.21f-m 

��C �7��/ 

Certified 

0 79.50 ± 1.76mno 86.75 ± 2.11k-n 50.61 ± 2.10q-t 4.24 ± 0.51ab 
30 86.50 ± 1.55f-m 92.25 ± 1.76a-l 55.67 ± 1.15i-q 2.25 ± 0.24f-m 
60 85.50 ± 1.19f-m 91.25 ± 0.92c-l 54.88 ± 1.46j-r 2.03 ± 0.25f-m 
180 84.75 ± 1.80g-n 89.88 ± 1.83f-m 54.18 ± 1.62k-s 1.75 ± 0.14h-m 
300 88.25 ± 3.17d-l 94.63 ± 2.78a-h 56.53 ± 3.09i-p 2.00 ± 0.26f-m 
420 87.25 ± 3.12e-l 90.38 ± 2.55e-l 56.84 ± 2.20h-p 2.10 ± 0.22f-m 

S�0� 
Arian 

*0��� 
Registered 

0 84.50 ± 0.65h-n 90.25 ± 0.66e-l 54.05 ± 0.66l-s 4.19 ± 0.49ab 
30 90.75 ± 2.14a-h 93.88 ± 1.51a-i 59.90 ± 1.88b-j 2.22 ± 0.12f-m 
60 92.00 ± 2.12a-g 96.00 ± 1.06a-f 62.31 ± 1.09a-h 2.08 ± 0.21f-m 
180 92.25 ± 1.65a-f 94.63 ± 1.25a-h 61.15 ± 1.42a-i 2.07 ± 0.21f-m 
300 85.50 ± 4.33f-m 87.63 ± 3.13j-n 56.00 ± 3.27i-q 2.10 ± 0.03f-m 
420 81.50 ± 3.38k-o 84.25 ± 3.90mn 52.73 ± 2.01m-t 2.84 ± 0.59def 

��C �7��/ 

Certified 

0 54.50 ± 2.22q 71.88 ± 2.05 o 37.01 ± 1.31v 4.64 ± 0.25a 
30 84.75 ± 0.75g-n 91.00 ± 0.84d-l 48.52 ± 3.64t 1.79 ± 0.12h-m 
60 91.00 ± 2.71a-h 95.00 ± 1.85a-g 59.26 ± 2.39c-l 1.60 ± 0.03j-m 
180 89.75 ± 1.55b-j 91.25 ± 3.44c-l 57.81 ± 0.66e-n 2.41 ± 0.16e-l 
300 86.50 ± 4.09f-m 91.25 ± 3.44c-l 52.80 ± 2.07m-t 2.26 ± 0.26f-m 
420 82.50 ± 3.62j-o 88.75 ± 3.26h-m 52.61 ± 2.43n-t 3.21 ± 0.51cde 

9�+, 

Katoul 

*0��� 
Registered 

0 81.25 ± 0.75l-o 90.25 ± 0.43e-l 54.89 ± 0.44j-r 3.46 ± 0.15bcd 
30 94.75 ± 1.65a-d 97.38 ± 0.83abc 63.44 ± 1.51a-d 2.06 ± 0.22f-m 
60 96.25 ± 0.95ab 98.13 ± 0.47a 63.44 ± 0.29a-d 1.91 ± 0.23f-m 
180 93.75 ± 1.93a-e 96.38 ± 1.46a-e 62.08 ± 1.63a-h 1.81 ± 0.25h-m 
300 90.25 ± 5.19b-i 94.63 ± 2.55a-h 63.76 ± 0.81a-d 1.79 ± 0.25h-m 
420 94.00 ± 2.45a-e 96.00 ± 1.78a-f 63.76 ± 1.37a-d 2.06 ± 0.31f-m 

��C �7��/ 

Certified 

0 85.50 ± 1.26f-m 92.75 ± 0.63a-k 43.63 ± 1.03u 3.68 ± 0.57bc 
30 83.00 ± 2.92i-o 91.50 ± 1.46b-l 51.76 ± 2.21p-t 2.44 ± 0.23e-l 
60 83.00 ± 2.92i-o 91.50 ± 1.46b-l 54.21 ± 1.69k-s 2.60 ± 0.15d-i 
180 76.50 ± 2.33op 82.75 ± 2.38n 48.89 ± 1.31st 1.85 ± 0.17g-m 
300 78.00 ± 2.16nop 86.50 ± 2.25lmn 48.91 ± 1.29st 2.13 ± 0.24f-m 
420 85.50 ± 1.26f-m 92.75 ± 0.63a-k 52.49 ± 1.72n-t 2.80 ± 0.22d-g 

&������ 

Willia
ms 

*0��� 
Registered 

0 83.25 ± 1.38i-o 89.63 ± 0.69g-m 59.73 ± 4.74b-k 4.21 ± 0.54ab 
30 96.00 ± 1.29abc 97.50 ± 0.91ab 64.63 ± 1.06abc 1.78 ± 0.16h-m 
60 96.00 ± 1.87abc 97.50 ± 1.40ab 64.26 ± 1.59abc 1.41 ± 0.14m 
180 96.75 ± 0.48ab 97.88 ± 0.66a 65.01 ± 0.41abc 1.65 ± 0.32i-m 
300 96.75 ± 1.31ab 98.38 ± 0.66a 65.31 ± 0.90ab 2.03 ± 0.30f-m 
420 95.25 ± 2.59a-d 96.13 ± 2.75a-e 64.76 ± 1.27abc 2.27 ± 0.24f-m 

��C �7��/ 

Certified 

0 85.50 ± 1.26f-m 92.75 ± 0.63a-k 54.25 ± 1.73k-s 2.65 ± 0.02d-h 
30 95.50 ± 1.04a-d 97.75 ± 0.52a 63.76 ± 1.11a-d 2.04 ± 0.20f-m 
60 96.75 ± 0.75ab 98.38 ± 0.38a 64.19 ± 0.63abc 1.53 ± 0.01lm 
180 96.50 ± 0.87ab 97.75 ± 0.92a 64.76 ± 0.56abc 1.53 ± 0.00lm 
300 94.75 ± 1.93a-d 96.88 ± 1.46a-d 63.34 ± 1.46a-e 1.92 ± 0.25f-m 
420 93.75 ± 1.31a-e 95.88 ± 1.16a-f 63.24 ± 1.00a-e 2.04 ± 0.21f-m 
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 9��O3- "����  Table 3- Continued 
dY

0 

C
ul

tiv
ar

 "
=\ 

(dY0 _Q��) 
Class 

(within cultivar) 

�R��# 0�R�
 ��� ��� *

("�!�>)  
Cold plasma 

treatment time (S) 

 "^ " �0 9�\

�+!��)(�+�  

Root length (cm) 

 9�\�+!��) "Z7��/(�+�  

Seedling length 
(cm) 

*��� "Z7��/���T
 
Normal seedling 

number 

 "Z7��/ % Q ���

(��/) 
Seedling dry 
weight (gr) 

*0�� 

Sari 

*0��� 
Registered 

0 10.20 ± 0.14z 23.52 ± 0.45y 91.00 ± 1.91d-j 1.07 ± 0.08y 
30 14.67 ± 0.13o-s 34.35 ± 75n-u 98.00 ± 1.15abc 1.17 ± 0.03u-y 
60 13.92 ± 0.35q-v 34.17 ± 0.52p-u 100.00 ± 0.00a 1.16 ± 0.03u-y 

180 14.87 ± 0.38o-r 34.57 ± 0.61m-u 100.00 ± 0.00a 1.35 ± 0.02k-u 
300 13.75 ± 0.86q-v 30.75 ± 0.63vw 93.00 ± 1.00b-h 1.08 ± 0.04xy 
420 11.47 ± 0.54y 27.25 ± 0.37x 93.00 ± 1.00b-h 1.13 ± 0.07v-y 

��C �7��/ 

Certified 

0 12.1 ± 0.12w-y 22.57 ± 0.5y 89.00 ± 1.91f-k 1.27 ± 0.04p-y 
30 14.02 ± 0.25p-v 34.22 ± 0.22q-u 89.00 ± 3.00f-k 1.22 ± 0.03r-y 
60 15.17 ± 0.22 n-q 36.37 ± 0.46k-p 96.00 ± 0.00a-e 1.36 ± 0.04k-u 

180 14.97 ± 0.22 o-r 35.10 ± 0.31m-t 89.00 ± 1.00f-k 1.22 ± 0.03r-y 
300 14.00 ± 0.32q-v 34.72 ± 0.39m-u 91.00 ± 1.91d-j 1.22 ± 0.03r-y 
420 13.67 ± 0.28r-n 33.17 ± 0.19s-v 87.00 ± 1.91h-k 1.22 ± 0.03r-y 

�=P 

Saba 

*0��� 
Registered 

0 14.87 ± 0.94o-r 22.97 ± 0.69y 89.00 ± 1.00f-k 1.22 ± 0.03r-y 
30 16.82 ± 0.26i-l 36.00 ± 0.37l-r 88.00 ± 2.31g-k 1.24 ± 0.05q-y 
60 21.17 ± 0.17 a 40.92 ± 0.75c-f 96.00 ± 1.63a-e 1.32 ± 0.02m-w 

180 20.60 ± 0.34 ab 40.15 ± 0.35d-g 95.00 ± 1.91a-f 1.35 ± 0.05l-u 
300 20.52 ± 0.62 ab 39.57 ± 0.39d-i 90.00 ± 1.15e-k 1.16 ± 0.09u-y 
420 20.15 ± 0.65 abc 39.47 ± 0.69d-i 93.00 ± 1.00b-h 1.28 ± 0.06o-x 

��C �7��/ 

Certified 

0 11.87 ± 0.15xy 32.50 ± 0.81t-w 88.00 ± 1.63g-k 1.23 ± 0.04q-y 
30 13.30 ± 0.17s-w 32.22 ± 0.14r-v 90.00 ± 2.58e-k 1.20 ± 0.08t-y 
60 14.87 ± 0.21o-r 34.60 ± 0.42m-u 96.00 ± 0.00a-e 1.31 ± 0.04m-w 

180 13.87 ± 0.21q-v 34.82 ± 0.16m-t 86.00 ± 3.46ijk 1.29 ± 0.03n-w 
300 13.62 ± 0.17r-w 34.32 ± 59n-u 86.00 ± 3.46ijk 1.21 ± 0.02s-y 
420 13.30 ± 0.18s-w 33.32 ± 0.42q-v 85.00 ± 1.91jk 1.11 ± 0.05wxy 

S�0� 
Arian 

*0��� 
Registered 

0 12.60 ± 0.29v-y 22.05 ± 0.37y 92.00 ± 0.00 c-i 1.28 ± 0.050-x 
30 15.75 ± 0.60l-o 34.50 ± 1.04m-u 93.00 ± 1.91b-h 1.62 ± 0.10b-h 
60 14.25 ± 0.09p-u 32.76 ± 0.29t-v 99.00 ± 1.00ab 1.54 ± 0.04c-l 

180 14.70 ± 0.12o-s 31.97 ± 0.23m-u 94.00 ± 2.00a-g 1.35 ± 0.07l-u 
300 14.03 ± 0.09 p-t 30.77 ± 0.07vw 88.00 ± 2.31g-k 1.39 ± 0.08i-t 
420 14.00 ± 0.03q-v 29.97 ± 0.14w 84.00 ± 2.83k 1.30 ± 0.06m-w 

��C �7��/ 

Certified 

0 13.7 ± 0.46r-v 22.00 ± 0.19y 87.00 ± 1.00h-h-k 1.31 ± 0.03m-w 
30 18.52 ± 0.25d-h 36.70 ± 0.22j-p 87.00 ± 4.12h-k 1.65 ± 0.09a-f 
60 18.97 ± 0.13c-f 37.10 ± 0.14h-n 97.00 ± 1.00a-d 1.62 ± 0.11b-g 

180 19.75 ± 0.20bcd 37.87 ± 0.12g-l 95.00 ± 1.00a-f 1.67 ± 0.09a-e 
300 18.22 ± 0.21e-h 36.00 ± 0.24l-r 89.00 ± 1.00f-k 1.58 ± 0.10c-i 
420 17.77 ± 0.35fk 35.90 ± 0.18l-s 88.00 ± 4.32g-k 1.60 ± 0.08b-h 

9�+, 

Katoul 

*0��� 
Registered 

0 12.65 ± 0.66v-y 30.82 ± 0.61vw 90.00 ± 1.15e-k 1.31 ± 0.03m-w 
30 16.42 ± 0.46k-n 40.55 ± 0.85c-g 100.00 ± 0.00a 1.47 ± 0.11f-o 
60 18.02 ± 0.67e-i 41.95 ± 0.51b-e 100.00 ± 0.00a 1.61 ± 0.05b-h 

180 19.75 ± 0.92bcd 43.94 ± 0.94abc 98.00 ± 1.15abc 1.73 ± 0.03abc 
300 18.37 ± 1.13d-h 42.15 ± 0.52bcd 95.00 ± 1.00a-f 1.79 ± 0.08ab 
420 17.62 ± 0.61g-k 39.35 ± 0.47e-i 94.00 ± 1.15a-g 1.50 ± 0.11d-m 

��C �7��/ 

Certified 

0 16.50 ± 0.37 j-n 30.77 ± 0.42vw 76.00 ± 0.00 l 1.38 ± 0.03j-t 
30 18.85 ± 0.89c-h 39.82 ± 0.52d-h 93.00 ± 1.00bh 1.83 ± 0.04a 
60 18.80 ± 0.10c-h 39.22 ± 0.15f-i 99.00 ± 1.00ab 1.74 ± 0.04abc 

180 19.30 ± 0.44bcd 40.17 ± 0.97d-g 94.00 ± 1.15a-g 1.69 ± 0.04a-d 
300 18.68 ± 0.50d-h 38.35 ± 0.58f-l 92.00 ± 1.63c-i 1.73 ± 0.07abc 
420 17.47 ± 0.47h-k 36.02 ± 0.29l-q 92.00 ± 2.31c-i 1.69 ± 0.03a-d 

&������ 

Williams 

"��# 
Foundation 

0 16.00 ± 0.34l-o 31.42 ± 1.02vw 76.00 ± 3.27l 1.31 ± 0.06m-w 
30 16.80 ± 0.16i-m 44.03 ± 0.18ab 98.00 ± 1.15abc 1.49 ± 0.04e-n 
60 18.65 ± 0.31d-h 44.50 ± 0.30ab 99.00 ± 1.00ab 1.61 ± 0.04b-h 

180 19.1 ± 0.37c-f 45.20 ± 0.82a 97.00 ± 1.00a-d 1.42 ± 0.10g-r 
300 18.45 ± 0.53d-h 42.90 ± 0.92abc 95.00 ± 1.00a-f 1.47 ± 0.04f-p 
420 17.85 ± 0.42f-j 40.60 ± 1.23c-g 91.00 ± 1.00d-j 1.57 ± 0.06c-j 

��C �7��/ 

Certified 

0 12.82 ± 0.43u-y 30.62 ± 0.39vw 85.00 ± 6.19jk 1.23 ± 0.03q-y 
30 15.45 ± 020m-p 39.05 ± 0.40f-k 96.00 ± 1.63a-e 1.55 ± 0.03c-k 
60 14.2 ± 0.21p-u 37.25 ± 0.16h-m 100.00 ± 0.00a 1.43 ± 0.06g-q 

180 13.80 ± 0.22q-v 37.00 ± 0.15i-o 96.00 ± 0.00a-e 1.58 ± 0.04c-i 
300 13.32 ± 0.15s-w 37.27 ± 0.16h-m 94.00 ± 1.15a-g 1.46 ± 0.05f-p 
420 13.90 ± 0.16t-x 37.10 ± 0.17h-n 94.00 ± 2.00a-g 1.41 ± 0.05h-s 

"; �7 ���� S��!��� �0�P± ) S��!��� �0��!�+�� *�bQSe���a
 ��B7� �� ! ��+� %� 0� X�+)� W��� .�!�C ���; (�BT� *�7 <�� ��C S��T
 S$!�� ����� h��
 ", <�� 0��  

)P = 0.01.(  
The data were expressed as the mean ± standard error of mean (Se). Different letters within a column indicate significant differences as 
determined by the Duncan test (P = 0.01) 
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