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Table 1. ANOVA of time and voltage effects of atmospheric DBD plasma treatment on
Alyssum homalocarpum seed germination

Mean squares

Sources of Degree of
variation freedom Germination rate Germination percentage Average percentage of
germination per day
Time 1 0.68* 56.25ns 1.46%
Voltage 3 0.19ns 206.25* 0.24ns
Voltage x Time 3 4.27%* 1206.25** 0.52*
Experimental error 8 0.14 43.75 0.14
C.V. 14.32 17.35 15.83

ns, **, and *: not significant, and significant at 1 and 5% probability levels, respectively.
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Table 2. Means comparison of voltage xtime interaction effects on Alyssum homalocarpum seed germination
under atmospheric DBD plasma treatment

Atmospheric DBD plasma Germination rate Germination Average percentage of
treatment (Seeds.day™) (%) germination per day
Voltage (kV) -{Sig;; 70
30 0.42 c 10.00 c 2.50 b
H 60 1.56 b 50.00 ab 1.63 a
30 1.75 b 40.00 b 3.40 bc
18 60 2.71 a 60.00 a 1.90 bc
30 3.25 a 50.00 ab 2.38 c
w0 60 2.67 a 45.00 ab 242 bc
30 1.50 b 35.00 b 2.33 bc
20 60 0.67 c 15.00 c 2.25 bc
LSD 0.60 15.25 0.86

In each column, the numbers with at least one common letter are not significantly different at 5% probability level.
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Table 3. Means comparison of atmospheric DBD plasma different voltages on seed germination parameters of
Alyssum homalocarpum

Atmospheric DBD Germination rate Germination Average percentage of
plasma treatment (Seeds.day™) (%) germination per day
Voltage (kV) 70
17 1.83 ab 30.00 b 2.06 a
18 211 a 47.50 a 2.65 a
19 1.63 b 37.50 ab 2.40 a
20 1.69 b 37.50 ab 2.29 a
LSD 0.42 10.79 0.61

In each column, the numbers with at least one common letter are not significantly different at 5% probability level.
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Table 4. ANOVA of time and voltage effects of atmospheric DBD plasma treatment on some Alyssum
homalocarpum seedling traits

Mean squares

Sources of Degree of i i
variation freedom Fresh weight of - Dry weight of Leaf surface Radicle length Leaf length
radicle radicle
Time 1 3.60ns 5.09* 1.31* 8.44** 0.10**
Voltage 3 9.60ns 2.60ns 0.12ns 0.53** 0.06**
VoltagexTime 3 3.60ns 1.56ns 0.04ns 1.64** 0.10**
Experimental 8 0.00 8.80 0.08 0.04 0.00
error
C.V. 25.14 16.05 17.54 6.96 9.64

** *and ns are significant at the level of 1%, 5% and non-significant, respectively
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Table 5. Comparison of the average interaction of voltage and time on the amount of enzyme

Treatment Catalase Peroxidase Polyphenol oxidase
Voltage Time (Unit per mg of protein) (Unit per mg of protein) (Unit per mg of protein)
17 30 0.38 c 0.43 c 0.09 de

60 0.64 a 0.93 a 0.07
18 30 0.61 b 0.14 e 0.13
60 0.61 b 0.50 b 0.73 a
19 30 0.60 b 0.22 d 0.11 cd
60 0.60 b 0.12 e 0.02 f
20 30 0.61 b 0.11 e 0.11 cd
60 0.61 b 0.03 f 0.23 b
LSD 0.03 0.03 0.03

Numbers that have a dissimilar letter in each column have a significant difference in the 5 percent probability level
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Table 6. Means comparison of the average effect of voltage on the amount of enzyme

Catalase Peroxidase Polyphenol oxidase
Voltage (Unit per mg of protein) (Unit per mg of protein) (Unit per mg of protein)
17 0.51 b 0.68 a 0.08 c
18 0.61 a 0.32 b 0.43 a
19 0.60 a 0.17 c 0.06 c
20 0.61 a 0.07 d 0.17 b
LSD 0.02 0.02 0.02

Numbers that have a dissimilar letter in each column have a significant difference in the 5 percent probability level
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Figure 1. Seed germiation rate with atmospheric plasma treatment in 30 and 60 seconds
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Figure 2. Seed germination percentage with atmospheric DBD plasma treatment in 30 and 60 seconds
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Figure 3. The average number of days of seed germination with atmospheric DBD plasma treatment
in 30 and 60 seconds



o o4l e Sl

fre

£ 100 -
S a a
& 80 - ab
(3]
g abc ape . c
g 60 - ¢ ahc ahc
o bed
8 bede cde cde
5 40 -
£
£ 20 - ﬁ
Sl

0 J

17,30 17,60 18,30 18,60 19,30 19,60 20,30 20,60 k30 k60 k120 m30 m60 m120 m240 Control
Time(s), voltage(kv)
aslife 5 ¥ bl 53 (C) Ly S clewdy (A) (g iuadl DBD slewdy [l b Ldy Soale e =Y S
Figure 4. Seed germination speed with atmospheric DBD plasma treatment (A), plasma corona (C)
in 30 and 60 seconds.
)\é&ax\ckm)éjjjﬁ)w)‘j)b‘j}vgjjb uz_?

09 s 5 ods Slae ol 5 Wy blae S LI by
oSl anlie L5 5l sss lspme S Job 5 Sas
Gt Sl I3 L 5 VB 5T 1 Sl ine Sl
asl £ ol 5 SV 3, S5 S sl s
2 om bbasl fe Gy 5 Sde S VA 5, bla 5
& i i W o 38y w5l ol S J
ol gre BNl sas [l lbaga o pe.jj ol ol
LS S 38 ans i ool ol gl )
(S5l aesd8 Lk G3lex e slandy b
LS Sy iy e s tie (2S5 sao] Gl
R R SR - FUCI ARG P UM RO
5 e olpe e el rmen 52 Ol O (2l
BT =90 R ST O RNV YN PSRN K SV E RS
dsle 5o w5 Sl oole 5w Gleldl (g5l
TR B QK ES C I P RS D VPR IR R EN
O TSTES RS VRN BT SRR SR NP L e
e lady b o wm, Jb L

g Sdde olse 0 3 358 5 Cda Gl el Wil e

Jol 5 oy o3le pler Sl 5 4l 518 L,
508 oo age o 33T S JSasl5 5 ay s gy Sl
QT L od Dl i ooslaS Cone Lo LD 6,58
TVIRPPVRSS VUV S SR R GO SV
e 4 4l il lewdl Lo ons ool Jlb Julpe
ol e s oh Al s Soaler G 5 Ao Sl Bl 4
St G ol 03 sde il Jpame 15
o @e.)j 5 My Sidnd s Shs 5 als
W35 b 5 ,auast DBD slewdly bow s (651 e 4058
B Y asl ve) gl L ocdsshS (VW AA N LY e)
Yoos V) slapl b By SDBD cldl 5 (4ids O
Al e e Gl oo (ad8s ¥ 5 ) sl
Sl 4 by e G Sa 4 ar 5 Lob ol s
Foooled s oS A 5W, s Soailse woss i
VA5 4 b e Soaler S op pt 5 02 43U
5y sl 4 by Gialer o)y cp S 5 kS
5ol Pl m rimmad g 43U Y Loy 5 SIS Y
Semy o Dl gae Ml By S Lams o sl &sas
5SS 05 2 obey S aSab plis s pizes Ll



fYo

5 S 5 OMSie oy jiage Sl S sladile Lol
LS il 45 4z Mok ol oS S
Y5 IRUOWIPL QU VL ] P CR PR A1 V.- P VP B
e S5 cuss ssn el as, 5 Siale ce
S slaiis, 5l (S S cnl S ol Gl W s
Lol a2l as, 5 Soalm com 15
Slgn Wl wle (Morent et al., 2011) sl o Ll
ook A,y bl sl asls Sl cou (WSS
ol mi aepa8 54> (Morent et al., 2011) ol i3
syl LS 51 (Alyssum homalocarpum L.)
Olos spms e 4 o Sialm sy adlas &S cul
R A PP QURE: S PRt
CaSlt ol b s Ll Sl 4 ar s b oaes
o b sbao s Ll Gl oS il Ll ol
ol ol Copanl 355 byl e b by
Olidss 568U ol 5 88 Gl s olaxl
s Sl sl sass ol aney cpl 5 el
aap s Hdy Sralem oo, Ll il sl S
SazalS Q;«e.jj 5 Ssdnis b Sas 5 il
ol b sl Bag, cp 55 Sl (S ol 3l Jol>
el 15 L5l s | Lk ol e Wl e Ldly
))Jﬁckwo-*ﬁ)b@%ﬁ)-’-ﬁ)‘w‘Jgiach
ol ol ol Gy CLW S Shwse ialS
alsv 5l ol SS plas Sl oS 50k Al
53 edly i 1 amig 5d gbaY ol sl Ly S
cod o5 S sl ol sessol s e A

.(Xinyu et al., 2020)

References

- Alden, D.M., Proops, J.L. and Gay, P.W., 1998.
Industrial hemp's double dividend: a study for the
USA. Ecological Economics, 25(3): 291-301.

- Basaran, P., Basaran-Akgul, N. and Oksuz, L., 2008.
Elimination of Aspergillus parasiticus from nut
surface with low pressure cold plasma (LPCP)
treatment. Food Microbiology, 25(4): 626-632.

- Dhayal, M., Lee, S.Y. and Park, S.U., 2006. Using

\"aj\.«..ix/\&‘Q\ﬂ\}uj@j)‘aob\fga\;ﬁ;ﬁuw

slasd s Jlasl lple sss Hh 4 Gaee slge
Ol 5 Jyame adg 5 aals sms oS 4 (ke
Shodal Conty s &S W S )l S pliie il
o Sl s Shee 5 a2, sss Lwdy adlas
op sbdle L s, 5 (Helianthus annuus L.)
s S W 1 adllas 5 (Khakian et al., 2017)
ol cely (Raphanus sativus) as 5 4 554l s
5 Ll 5 am; 5l 8 Sas 055 5 4z, ey Jib
oeen o (Basaran et al., 2008) 4l 4 4z, e
wlwale Lk az, Giags o ol Ll adlas
2Jss 5l sl L (Cannabis sativa var indica)
5o e L5 5 (Alden et al., 1998) 5 o slawd
(Phaseolus vulgaris) Ly ;3 gi4lee b S5y
5w e S jiags cumen 5 (Teramura, 1983)
5 (Lycopersicon esculentum) Q_i'}éu,,f >% »DBD
5 3l 5 VB b st o) by oles s
VY S b s sledy S mls s SlaSi s
(St s Sns po4ass Vool Gae s clylS
Fazeli et ) o ey Sis sbas, o9 Ko 5 olasd
2 o sl G e,y a5 (al, 2019
anpds g s b Ll Hh Sialee sbajasls
Olst gy 2 Ll Sl s Ll sl calbae o5
g Gl el &S I8, 2 L3S bl
03 Amadny Job 5 Gialer Ce e S3alm Ao
Ol il s a8 aals Ll Lol
el b as ob, Iy S L8 S sl
(Rezaei et al., 2021) 54 sl ;5 o S5 by 3
dom) SHuper ol 4 Ol SIS S ol
Sheslial 5 (3580 o b Suel s s &S
5 by Slal a4 G Sm e gl e DU
p sbdle adl s e B4 G0 s C’L“’
Sl o3 5slaS s Jol OIS 5l e sen
A sbdds boossle ol el pleerd 055l
oals Caws 1, 2 K 390 Ll w0 O g


http://jxb.oxfordjournals.org/content/early/2015/05/14/jxb.erv206.full#ref-44

o o4l e Sl

927-931.

- Rezaei, Sh., Ghobadian, B., Ebadi, M.T. and Ghomi,
H.R., 2021. Effect of Cold plasma on seed gemination
charactrestics of Camelina sativa L. and seed
dormancy of Kelussia odoratissima Mozaff., and
Heracleum persicum Desf. ex Fisch. Iranian Journal
of Seed Science and Technology, 10: 17-27.

- Omid Beigi, R., 1996. Herbal medicines from the past
to the present. Journal of Health and Cosmetics
Industries, 3(19): 63-65.

Raizer, Y., 2011. Gas Discharge Physics. Springer.
New York, 499p.

Singh, A. and Dwivedi, P., 2018. Methyljasmonate
and salicylic acid as potent elicitors for secondary
metabolite production in medicinal plants: A review.
Journal of Pharmacognosy and Phytochemistry, 7(1):
750-757.

Teramura, A.H., 1983. Effects of ultraviolet-B
radiation on the growth and vyield of crop plants.
Physiologia Plantarum, 58(3): 415-427.

Xinyu, L., Song, Z., Xu, W., Li, Y., Ding, Ch. and
Chen, H., 2020. Spectral characteristics on increasing
hydrophilicity of alfalfa seeds treated with alternating
current corona discharge field. Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy,
236: 118350.

- Zargari, A., 1996. Medicinal Plants (Vol. 4). Tehran
University, 948p.

fys

low-pressure plasma for Carthamus tinctorium L.
seed surface modification. Vacuum, 80(5): 499-506.
Fazeli, E., Ebrahimi, E. and Shokri, Gh., 2019.
Increasing the germination of wheat and corn using
wheat plasma, dielectric dam. National Conference on
Science and Technology of Agricultural Sciences,
Natural Resources and Environment of Iran, Tehran,
21 December.

Kumar, R., Thakur, A.K., Vikram, A., Vaid, A. and
Rane, R., 2019. Effect of cold plasma treatment of
seeds on quality of seed crop of okra. International
Journal of Economic Plants, 6(2): 073-077.

Khakian, M., Makarian, H., Baradaran Firoozabadi,
M., Mirzaei Moghadam, H. and Momeni, M., 2017.
The effect of seed pretreatment with cold plasma on
some physiological traits of sunflower in the presence
of weeds. First National Conference on Agriculture,
Natural Resources and Veterinary Medicine, Ardakan
University, 10 May: 1-7.

Morent, R., De Geyter, N., Desmet, T., Dubruel, P.
and Leys, C., 2011. Plasma surface modification of
biodegradable polymers: A review. Plasma Processes
and Polymers, 8(3): 171-190.

- Mac-Adam, J.W., Nelson, C.J. and Sharp, R.E., 1992.

Peroxidase activity in the leaf elongation zone of tall
fescue. Plant Physiology, 99(3): 872-878.

- Raymond, J., Rakariyatham, N. and Azanza, J., 1993.

Purification and some properties of polyphenol
oxidase from Sunflower seeds. Phytochemistry, 34(4):



437 Iranian Journal of Medicinal and Aromatic Plants Research, VVol. 38, No. 3, 2022

Plasma treatment effects on seed germination and physiological and enzymatic
characteristics of Alyssum homalocarpum L. seedlings

S. Yadegari'", H.R. Qomi Marzdashri?, M. Pezhmanmehr?® and M. Mirmasoumi*

1*- Corresponding author, M.Sc. graduated, Faculty of Agriculture and Food Industry, Science and Research Branch, Islamic Azad
University, Tehran, Iran, E-mail: sahel_darya2002002@ymail.com

2- Physics School, Shahid Beheshti University, Tehran, Iran

3- Faculty of Agriculture and Food Industry, Science and Research Branch, Islamic Azad University, Tehran, Iran

4- School of Biology, Tehran of University, Tehran, Iran

Received: April 2022 Revised: May 2022 Accepted: May 2022

Abstract

This experiment was conducted to investigate the plasma treatment effects on seed
germination characteristics of Alyssum homalocarpum L. The initial test of plasma on seeds was
by atmospheric DBD with a duration of 30 and 15 seconds and 1 to 5 minutes at voltages of 17,
18, 19 and 20 kV, and counting the daily germination of seeds was repeated for 21 days. The
seeds were then treated again with atmospheric DBD plasma (30 s and 1 min) at the same
voltages and monitored for 21 days. In both times, the changes were observed in the first 3 days,
then the seeds were treated with DBD plasma at times of 10, 30 seconds, 1 and 3 minutes. At
the end of the initial tests, the seeds were treated in DBD plasma with atmospheric pressure
(30 seconds and 1 minute) at voltages of 18 and 20 kV and with DBD corona plasma for 10, 30
seconds, 1 and 3 minutes. Germination rate and percentage, plumule length, radicle length, fresh
and dry weight of root and seedling, leaf area and enzyme characteristics were measured. The
means comparison results showed that the highest rate (2 seeds per day) and germination
percentage (70%) were obtained in the combined treatment of 18 kV and 60 sec. The results
showed that the effect of time on dry weight, leaf length, root length and leaf diameter was
significant at 1% level. In terms of mean comparison, catalase enzyme and polyphenol oxidase
enzyme had a significant difference in the treatments of the combined effect of voltage 20 kV
and time 60 seconds and the mutual effect of voltage 18 kV and time 60 seconds. Overall,
according to the present findings, the atmospheric DBD plasma and corona plasma
pretreatments had a role in improving growth traits and enzymes involved in the biosynthesis of
secondary metabolites compared to other treatments without damaging the seeds.

Keywords: Cold plasma, seed germination, Alyssum homalocarpum L., physiological traits.



