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1. Flat-mouthed quartz tube 2. Argon intake 3. Aluminum foil 4. Plasma jet 5.
Seeds 6. Conveyor belt 7. Low voltage electrodes 8. High voltage probe 9. High
voltage AC power supply 10. Oscilloscope
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Fig.1 Plasma treatment device
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Table 1 Stress concentration and treatment intensity parameters

mg o PECOOOEIMIKE LT
Group oncentranor} N G- Processing voltage/kV Treatment time/s
solution /%

CKl1 3 0 0
CK2 10 0 0
CK3 15 0 0
CK4 20 0 0

Al 3 4 30
A2 10 4 30
A3 15 4 30
A4 20 4 30
BI 3 5 30
B2 10 5 30
B3 15 5 30
B4 20 5 30
Cl 3 6 30
C2 10 6 30
C3 15 6 30
C4 20 6 30
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Note: Different lowercase lettersfonts indicate that there is a significant
differences between treatments (P<<0.05), the same below.
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Fig.2 Effects of cold plasma treatment with different voltages on
the hydrophilicity of oat seeds
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Fig.3 Effects of different treatment conditions on oat seeds
germination indicators
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3) IRz

T 5 3 e 3 S T AR 20 A B R B AR Ak G
Kl 5c Fizne 3% PEG-6000 ¥R ME T, #5434 [ AR 2
B CK1 AR 2 (P<0.05) B4 0H. 10% PEG-6000 ¥
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Fig.4 Effects of different treatment voltages on plant height, root length and number of root whiskers of oat
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Fig.5 Effects of different voltage cold plasma treatment on plant height, root length and number of root whiskers of oat under different
intensity drought stress
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232 AB
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S5 B TR AR R AT DUAF TR T B i R e 1 g o AR
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C4 HATEME A S EH CK4 4 5138Hn 7.90% F1 9.75%,
EHTLEEEE (P>0.05) Z&,

LSS
Chlorophyll content/(mg-g™")
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Fig.6  Effects of different voltage cold plasma treatment on
chlorophyll content of oat under different intensity drought stress
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Fig.7 Effects of different voltage cold plasma treatment on
malondialdehyde concentration of oat under different intensity
drought stress
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Fig.8 Effects of different voltage cold plasma treatment on soluble
protein content of oat under different intensity drought stress
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Table 2 Contribution rate of principal components

WS g TORE P
Principal Eigenvalue Contribution Accumulative contribution
component rate/% rate/%

1 2.173 36.220 36.220

2 1.136 18.940 55.160

3 1.097 18.288 73.448

4 0.783 13.054 86.502

FIFFHE R (6) X &HME MK LA TR RE
PREE XD BAT IS, FIAEES (D AR BES
BN I 20 AN [R] 5 5 25 8 1 R A BB 1) 2% L e 3 AR K AR A it
ITAREE, FIRWTEL (8) B2 D EHH4, 4
BAng 3, a] LB FILE PEG-6000 K N 3% 10%-
15% B, S8 TR SkV (B4, b3
30 s B [ e 22 S5 A R AR B U, 24 28 U B 4k 4 31 K 2
20% Ja, SAEARLE SRR T CK 4. 5 AMAETS
ERMZ, FEMHEREN 10%. 15%. 20% i, %571
RAL BRI 6 KV (C 41), AbHERS[a] 30 s A 3 32 45 &
FRAR MR T CK 41, KUK 2 ol 1ok 21 S8, B e
F A K BB T R

*®3 AEBRELSFEFHLEGERE &L KIERN
WNEZEE (D) HA
Table 3 Ranking of the weight synthesis value D; of growth
indexes of oat treated with cold plasma at different voltages

PEG-6000 75k /%

. 415 D fd
Concentration of Groups D-values
PEG-6000 solution/% '
Bl 0.814
3 Al 0.737
Cl 0.705
CKl1 0.682
B2 0.691
10 CK2 0.533
A2 0.490
C2 0.432
B3 0.704
15 A3 0.664
CK3 0.519
C3 0.472
CK4 0.523
B4 0.497
20 A4 0.447
C4 0.250
3 i ®
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Effects of cold plasma treatment on oat seeds germination and seeding
drought resistance

BU Yongmei , BAO Jin™ , LYU Xiaogui
(College of Science, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: Cold plasma treatment has attracted much attention in recent years, due to its enhancement of crop growth. Oats
have been the fourth largest cereal crop in the world. However, the increasing stress of drought and salinization has led to low
germination rates and yields of oat seeds. Therefore, it is very necessary to improve the drought resistance of oats. This study
aims to investigate the impact of cold plasma treatment on oat germination and drought resistance. The oat seeds of Bayou 1
were used as test material. PEG-6000 solutions were set at the concentrations of 3%, 10%, 15%, and 20% to simulate drought
stress. After that, the oat seeds were treated with the atmospheric pressure argon cold plasma with voltages of 4, 5, and 6 kV.
The germination and drought resistance were assessed under different degrees of drought stress. A series of indicators were
measured, including the germination indicators of oat seeds, and seedling growth, together with the physiological and
biochemical indicators, such as germination vigor, germination rate, germination index, vitality index, plant height, root length,
number of root hairs, as well as the content of soluble protein, malondialdehyde, and chlorophyll. The results indicated that the
cold plasma treatment significantly (P<0.05) increased the hydrophilicity of oat seeds. Once drought stress was not applied, the
treatment with a voltage of 5 kV shared the most significant effect on the germination potential, germination rate, germination
index, and vitality index of oat seeds. There was also a varying increase in the plant height, root length, root number,
chlorophyll content, and soluble protein content of oat seedlings in each treatment group, compared with the control. While the
malondialdehyde content was lower than that of the control group under drought stress. The oat drought resistance was also
evaluated using membership function and principal component analysis. It was found that the cold plasma treatment with a
voltage of 5 kV and a time of 30 s performed the best on the drought resistance of oat seeding under drought stress with PEG-
6000 solution concentrations of 3%, 10%, and 15%. The hydrophilicity of seeds that were treated with cold plasma was
significantly improved, most of which was found in the treatment voltage of 6 kV. The increasing hydrophilicity was beneficial
to the water absorption capacity of seeds for the better germination rate of seeds. Cold plasma treatment improved the
germination indicators of seeds, including germination potential, germination rate, germination index, and vitality index. The
best performance was achieved at the treatment voltage of 5 kV. Cold plasma treatment shared the promoting effect on the root
length, plant height, and number of root hairs of oat seedlings. Cold plasma treatment also increased the chlorophyll content
and soluble protein content of oat seedlings under drought stress, while there was a great reduction in the malondialdehyde
content. Plasma treatment can be expected to improve the plant response to drought stress. The findings can also provide
theoretical references for oat breeding and cultivation in arid and semi-arid regions.

Keywords: cold plasma; oats; drought; stress; PEG-6000 solution
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