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Effects of dielectric barrier discharge (DBD) helium plasma treatments on guar
(Cyamopsis tetragonoloba) seed germination and seedling growth were studied.
Seeds were pretreated with 0, 1/44 and 0/68 W of cold plasma for 60 s. Salt stress
experiment included three salinity levels of NaCl (0, 50 and 100 mM). Results
showed that plasma treatments had positive effects on seed germination and
seedling (shoot length, root length, dry and fresh weight of shoot and root), The
treatment of 1.44 W of cold plasma had the most stimulating effect on the
percentage of germination and growth of guar seedlings. Additionally, the
application of Helium plasma treatments, considerably enhanced chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, and potassium (K+) content in the
leaves of guar plant. Thus, cold plasma treatment can be used an ameliorative way
to the enhancement germination and improve seedling growth of guar against
damage caused by salt stress.
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EXTENDED ABSTRACT

Introduction

Salinity stress poses a significant challenge to crop
growth and development, making it crucial to enhance
tolerance to such stress, especially in arid and semi-arid
regions. Guar seeds contain a high concentration of the
natural hydrocolloid known as galactomannan, or guar
gum, which is widely used across various industries.
However, salinity stress adversely affects guar plants,
leading to reduced growth and productivity. In recent
years, non-thermal plasma technology (NTP) has gained
traction in the agricultural sector. Despite this, there are
currently no studies examining the effects of cold plasma
on guar plants under salt stress. This study aims to
investigate the impact of helium cold plasma treatment
on guar plants exposed to salt stress.

Materials and Methods

This experiment investigated the effects of two different
plasma input power levels: 1.44 W (current: 0.48 A,
voltage: 3 V) and 0.68 W (current: 0.34 A, voltage: 2 V).
High-purity helium gas (>99%) was used as the plasma
carrier gas, with a flow rate of approximately 1 Liter per
Minute (SLM). The seeds were exposed to cold plasma
for 1 minute. Following plasma treatment, both treated
and untreated (control) seeds were hydro-primed using
distilled water for 12 hours. Afterward, the seeds were
transferred to Petri dishes containing varying salinity
levels (0, 50, and 100 mM sodium chloride). The Petri
dishes were placed in a growth chamber with a 16-hour
light/8-hour dark cycle at a temperature of 25 °C. After 7
days, seedlings were collected to evaluate several
morphological and physiological parameters.

Results and Discussion

The results indicated that as salinity stress increased, the
germination percentage and germination rate decreased.
However, seed priming using cold plasma significantly
improved these parameters. The highest germination
percentage under salinity stress was observed with
Helium 3V cold plasma pretreatment. Moreover, plasma
seed priming notably enhanced the germination rate
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under 100 mM salinity stress at both helium 2V and 3V
potential differences. Salinity stress led to reductions in
both root and shoot lengths, as well as decreases in the
fresh and dry weights of both shoots and roots. In
contrast, seedling growth characteristics—including
shoot length, root length, shoot fresh weight, root fresh
weight, shoot dry weight, and root dry weight—
significantly increased following cold plasma treatment.
Numerous studies suggest that the improvements in seed
germination and seedling growth rates attributed to
plasma may be linked to enhanced water uptake by the
seeds. Exposure to cold plasma can erode the seed coat,
resulting in changes that increase the seed's hydrophilic
properties. This enhancement significantly facilitates
water absorption, which is critical for both germination
and subsequent seedling growth. Under conditions of
salinity stress, the contents of chlorophyll a, chlorophyll
b, total chlorophyll, and carotenoids decreased, whereas
these contents increased with cold plasma treatment,
particularly in the He/3V treatment. As salinity levels
rose, sodium (Na+) content increased in the roots and
leaves, while potassium (K*) content declined in both.
However, cold plasma treatment improved K* levels in
the leaves and roots under saline conditions and
significantly reduced Na* content in the leaves, thereby
enhancing the K*/Na* ratio.

Conclusion

The results of the experiment indicated that increasing
salinity stress negatively affected all morphological and
physiological traits of guar seedlings. However, seed
priming with cold plasma significantly improved the
germination, growth, and overall performance of the
seedlings. Specifically, using helium dielectric barrier
discharge (DBD) plasma at a power level of 1.44 watts
for 60 seconds produced the best outcomes in enhancing
germination and promoting seedling growth. Therefore,
seed priming with cold plasma is an effective strategy for
mitigating the adverse effects of salinity stress on guar
seedling growth, ultimately leading to improved
germination and better establishment of seedlings under
such conditions.
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(Cyamopsis tetragonoloba) seeds under salt stress
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Table 1- Analysis of variance (ANOVA) for traits studied in guar plant under cold plasma treatment and

asdlles 5 90 Slao Ol s Gt.a
Traits studied Source of variations
ST e baos S
Germination percentage Between groups
I8 S b5 S o
Germination rate Between groups
iy, Job Loy S o
Root length Between groups
bl dsb by S o
Shoot length Between groups
drates 5 O3 Loy & o
Root fresh weight Between groups
il 5 055 Loy & o
Shoot fresh weight Between groups
oy oSS 05 oy 8 o
Root dry weight Between groups
araila $Sis ()39 oy S o
Shoot dry weight Between groups
a Jos 8 Loy 8 o
Chlorophyll a Between groups
b s s oy 8 o
Chlorophyll b Between groups
JS s Loy 8 o
Total chlorophyll Between groups
bt 55 5)8” baos S
Carotenoids Between groups
araly ) ey Sl o ey S o
Root K* content Between groups
& ponley (5l e baos S
Leaf K* content Between groups
iy ) ke (8l e baos & o
Root Na* content Between groups
E p prke S e os 8 o

Leaf Na* content

Between groups

salinity stress conditions.

@ol3T @y Sl e Kk 0037 aons
df Mean Square Sig.
8 600.398 x>
8 0.136 **
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8 0.000 **
8 0.000 *x
8 178 **
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8 9.183 **
8 9.768 *x

.M))\}0é)uTch.d)JQm)‘)dM‘éj‘)@&dJ\;u%};4{ ** < ns

ns, * and **: no significance, significance at the statistical level of 5 and 1 percent, respectively.
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Figure 3- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on germination rate of guar
(Cyamopsis tetragonoloba) seeds under salt stress.
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Figure 4- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on shoot length of guar
(Cyamopsis tetragonoloba) plant under salt stress.
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Figure 6- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on root length of
guar (Cyamopsis tetragonoloba) plant under salt stress.
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Figure 7- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on root fresh weight of guar
(Cyamopsis tetragonoloba) plant under alt stress.

Iranian Journal of Seed Science and Technology

Ol ok 65 5 psle 4,2

Vol.: 14, No.: 1, Spring 2025

VECE e o) olad OF Al



fo

OLan 5 25555,

m Salt0 @ Salt 50 O Salt 100
0.3 -
& p
3 o0zs{ be be b pe b
3 5 c T I I
SN 0.2 A o
3 = d
R o
r 8 0.15
\,\ S
\;i 5] 0.1 |
=
[7p]
0.05
0 A
Ct He:2V He:3V
Lol
Treatments

o i o IS ol wrdilu 5 035, IV Y 6u5u)g¢w>ﬁdwxg,;e§ﬂ\ﬁ;nw§;

Figure 8- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on shoot fresh weight of guar
(Cyamopsis tetragonoloba) plant under salt stress.
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Figure 9- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on shoot dry weight of guar
(Cyamopsis tetragonoloba) plant under salt stress.
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Figure 10- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on shoot dry weight of guar

(Cyamopsis tetragonoloba) plant under salt stress.
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Figure 11- Effect of seed priming with helium cold plasma by voltage of 2 and 3 volt on concentration of photosynthetic
pigments guar (Cyamopsis tetragonoloba) plant under salt stress.
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