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Effects of contact glow discharge plasma on Lycium barbarum seed germination and

seed treatment methodology

LI Wan LONG Haitao XU Weibing XUE Huali CAO Wengiang LI Zhaodi PU Lumei
(College of Science, Gansu Agricultural University, Lanzhou 730000, China)

ABSTRACT In order to promote the germination of Lycium barbarum seeds, the Lycium barbarum seeds were
treated by contact glow discharge plasma (CGDP), the effects of CGDP on germination were explored under
different treatment time, voltages, and electrolyte conditions. The seed treatment process was optimized by response
surface optimization design based on seed germination rate and vigor indexes. The effects of CGDP on the structure
and properties of the seed coat were preliminarily studied through the detecting changes in the morphology and the
contact angle of the seed coat. The results showed that the optimized conditions for seed treatment were 15 min,
voltage 550 V, Na,SO, electrolyte, and the highest seed germination rate was 95.56%. After treatment, the seed coat
becomes flat, the texture is blurred, and the hydrophilicity of the seeds is enhanced; the chlorophyll content in the
leaves of seedlings increases. Therefore, glow discharge plasma treatment can promote the germination and growth
of Lycium barbarum seeds.
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Fig.1 Schematic diagram of experimental equipment
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Table 1 Factors and level of Box-Behnken experiment
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Table 2 Box-Behnken design and results

%5 Number AIV B/ min c R, R,

1 -1 -1 0 91.3333 346.713
2 1 -1 0 90.000 0 320.114
3 -1 1 0 87.777 8 306.376
4 1 1 0 91.111 1 343.953
5 -1 0 -1 87.777 8 256.360
6 1 0 -1 85.5556 249.853
7 -1 0 1 86.666 7 284.298
8 1 0 1 88.888 9 265.792
9 0 -1 -1 88.888 9 246.460
10 0 1 -1 82.2222 191.746
11 0 -1 1 84.444 4 179.377
12 0 1 1 879120 214.098
13 0 0 0 94.444 4 605.356
14 0 0 0 94.444 4 595.438
15 0 0 0 93.3333 580.363
16 0 0 0 94.444 4 620.587
17 0 0 0 93.3333 579.246

#*3  [EEBERTTEMT

Table 3 Analysis of variance of regression model

LSRN Ji FE SRR V5 H i ¥175 FH plE

Response value Source Sum of squares Degrees of freedom Mean square Fvalue pvalue

G, Model 218.01 9 24.22 78.07  <0.000 1
A-HLJE A-Voltage 0.50 1 0.50 1.61 0.244 9
B-Ii} 8] B-Time 3.98 1 3.98 12.83 0.009 0
C-HifitJii C-Electrolyte 1.50 1 1.50 4.84 0.063 6
AB 5.44 1 5.44 17.55 0.004 1
AC 4.94 1 4.94 15.92 0.005 3
BC 25.68 1 25.68 82.75  <0.000 1
A 7.06 1 7.06 22.74 0.002 0
B 29.57 1 29.57 9529  <0.000 1
c 126.59 1 126.59 408.00  <0.000 1
$RZ Residual 2.17 7 03103 - -
AT Lack of fit 0.690 5 3 0.2302 0.6214  0.6374
4li 1% 7 Pure error 1.48 4 0.370 4 - -
M B2 Cor total 220.18 16 - - -

v 1% Model 4.150x10° 9 46115.37 136.65  <0.000 1
A-FJE A-Voltage 24.62 1 24.62 0.0730 0.7949
B-If} 8] B-Time 166.45 1 166.45 0.4932  0.5052
C-Hif# Jii C-Electrolyte 0.0910 1 0.091 0 0.0003 09874
AB 1029.66 1 1029.66 3.05 0.1242
AC 35.99 1 35.99 0.1066  0.7535
BC 1999.65 1 1999.65 5.93 0.045 1
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Y%
Wi 7 Ti R ~FI7 H %175 Fla pli

Response value Source Sum of squares Degrees of freedom Mean square Fvalue pvalue
A 4 6754.69 1 46 754.69 138.55 <0.000 1
B 1.099x10° 1 1.099x10°  325.55 <0.000 1
c 2.165x10° 1 2.165x10°  641.48 <0.000 1
5% Z Residual 2362.27 7 337.47 - -
KA Lack of fit 1 144.89 3 381.63 1.25 0.401 8
4l i3 % Pure error 1217.39 4 304.35 - -
KB Cor total 4.174x10° 16 - - -
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Fig.3 Contour and response surface diagram of the interaction of various factors on germination rate
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Fig.4 Contour and response surface diagram of the interaction of various factors on the vigor index
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L:96:122 R: 604 (a) Control L:99::229 R: 01 (b) Treatment
CA: 106.863 CA: 83.165

6 FRAIME T A5 S A AL B A o A DR PR Cad XPHR AL s (o) AL BR A s CA F7m 4
Fig.6 Contact angle measurement images before and after treatment with CGDP:
(a) control; (b) treatment; CA stands for contact angle
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Fig.7 Effects of CGDP treatment on seed surface contact
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Fig.8 Effects of contact glow discharge plasma treatment on seed coat morphology: (a) and (b) are SEM images for the untreated
Lycium barbarum seed surface at magnifications of 1 000 x and 3 000 X, respectively; (c) and (d) are corresponding images

after 15 min plasma treatment

010401-8



OB BMMEETIR SR BT A MIAC AR T B A R HEAE A B T

FH &1 8 /] %0, 76/ F CGDP AT Fh ¥ AL BER , v
PERLT = A2 T S Bl 28R R A 1R b Bz BELRS
We 7K Be 77, s A R IRAT MR B, &0t
CGDP &b B f& , MAC TR f K A2 T 284K, X A RE BRI {2
HE M RC A5 B R R AWK A 5 £ Filatova 557
T FUA, ¥ 55 5 M b B 0T DL 5 LA b1 IRk
4 . Bormashenko 25" I , 1 1o 45 25 74k b 4 e 37
i 57 2 52 FLVR M IR PR R R SR 2R S A, AR
J MR Fh B e TH HH I A 2, Bk AR FBRAIG, B AR A5
7K o 2 B CGDP Ab B G {2 2 Fh W Wi 5 2 117K 43
HVEFRPI 5T, IR K

2.5 CGDPX4IEMFEEZS =M

2% R G E RS I =B
2 3 B2 R AR A 0 S A 1 FH Rk R A & 7= ) 1)
B 2 A 00, CGDP AL B X T 1% 75 30 d Y
FIAC %) 8 A A AR 100 52 0 DL P81 9 5 56 I & 31 R JEE (1) 52
i) WL 10

XA, gl K A B AP Bk
M 10.7 cm #2 5 F 13.4 cm, P M 3N 9 it
B2 . HgFRa M ZEDMA SRS EE
CGDP &b B 5 2 25 39 0 21 J5 R 1) 1.28 £i% . 1.86 £ Al
1.45 £% . Roy Z5U VA 7o B 159 B 28L&k -, 7EXT N
RV SR (R i R W = R e - s | BV
T 6 min.9 min J5 , 55X FEZHAH ELIH 2R & a 43
b RS R KOS R AR B0 B T R A i
A R N AR K AR B 2 . CGDP b B S
A A R SRR BLIR m A T A M, R

B EAER SeE ) (1 4 . CGDP X Fh 7
B R A s R L 1

Before treatment After treatment

E9 CGDPALEER(a b ) FALLEL S (dve D
FRHE 77 30 d Y A K AR L
Fig.9 Seedlings growth after transplanting for 30 d
before (a, b, ¢) and after (d, e, f) CGDP treatment

=
o
1

[ control
14 R Treat
)
g 12F
= 10+
K
g
5 8
S
W 6F
o
g 4r
€
Q
o 2+
Chlorophylla Chlorophyllb Totalchlorophyll

Group

E10 CGDP X HIACH 203 2 B (1 2
Fig.10 Effects of CGDP on chlorophyll content in
Lycium barbarum leaves

Seed coat becomes flat
and rupture

Increase plant height and

Reduce contact angle

Seedling growth

Plasma

A

\
\ 3
02 @05 31;)_
Ny o
¢ 8 g? 2
*—"ag H02 B
OH ¢'g s
N [
wbp | Oy 8
2 @)
v &
Lycium -

Increase seed germination
rate, germination index,
vigor index

number of leaves
Increase chlorophyll content

barbarum seed
Treat ment

Performance change

Growth optimization

11 MR IR AR B T AR A T A AR KR R R B
Fig.11 Schematic diagram of the effects of CGDP on seed germination and growth

3 45ig

ARICHEFL T CGDP AL T MR -7 & 12
BEVE o 5 MR et A R 0 = AN R 3 7P A 4 1A
F EEL s < FRL AR AT Ak BRI T o B 52 CGDP Ab B Ay

FE AT ) B A AL 3 T2 LR 550 V. FLfR T Na,SO,
AR BRI [8] 15 min, fEHE A AF N, MOACRP - i a4
151 31 95.56%, i 1 #8 B M 654.24. 43 CGDP 4b #
A P R AR AR T HOH B2, SR K PR B o, 4

010401-9



WA SE S T2 % 2023,41:010401

AT RIROKEE T, H HR Y g Rw & e
BE TR R R R B AR K A SR B, Ol
TR S5 B AR — Bl A B R A R T 1 B
KRG A KW 710 HIX R 5 A ot e 7
AR X o 403 5, g R A 2 D R K R B
T )15 LB AL T 37 (1) i ¥ 77 € - CGDP X T #1
LA AR JT . IRIECER & B & U TH I A
W B B IR NR T . 45 A PCR B AR 20 #r 0T 5%
CGDP % #H 56 3k A 3k i g2, i3 — 2P 4R 5T CGDP
(R M AT AR K BB 2 SR ) B 7 1

EHRMER T EAHTHLREITH IR
TN RTIRXNET ; gk BEW . F T,
EXRER.FHEFLEXRMER AT H GG AN E
BEE, AR XNREABCIT . FRARERF A
F % 3 T3 A T Z % SUR & AR BT R 2

S 3CH

1 M. MRS R D st 5 AR s BRI (], A Rl
2006(3): 49-54.

YANG Xincai. Planting history and technical evolution
of Chinese medlar[J]. Ancient and Modern Agriculture,
2006(3): 49-54.

2 Sera B, Scholtz V, JireSova J, et al. Effects of non-
thermal plasma treatment on seed germination and early
growth of leguminous plants-a review[J]. Plants (Basel),
2021, 10(8): 1616. DOI: 10.3390/plants10081616.

3 Zhu Y L, et al. Feasibility of cold plasma for the control
of biofilms in food industry[J]. Trends in Food Science &
Technology, 2020, 99: 142-151. DOI: 10.1016/. tifs.
2020.03.001.

4 VON Woedtke T, Schmidt A, Bekeschus S, et al. Plasma
medicine: a field of applied redox biology[J]. In Vivo
(Athens, Greece), 2019, 33(4): 1011-1026. DOI: 10.
21873/invivo.11570.

5 Dubinov A E, Lazarenko E R, Selemir V D. Effect of
glow discharge air plasma on grain crops seed[J]. IEEE
Transactions on Plasma Science, 2000, 28(1): 180-183.
DOI: 10.1109/27.842898.

6  ERRA. MR AR AR T AR A AR
AR HID]. 22 M PEABITIE K, 2008.

WANG Aixiang. Formation of contact glow discharge
electrolysis plasma and its application in polymerization
[D]. Lanzhou: Northwest Normal University, 2008.

7 EE, FEE BOEAR, S OEOCIR SEE A EA REf

KA AR R T BRD] AR TR AR, 2014, 8(9):

10

11

12

13

14

010401-10

3577-3584.

WANG Lei, LI Guoxin, LI Dailin, et al. Oxidative
degradation of dibutyl phthalate induced by glow
discharge plasma in aqueous solution[J]. Chinese Journal
of Environmental Engineering, 2014, 8(9): 3577-3584.
ML, Jeifgds, WL, 55 OGRS & TR it
BT R BRI, & EE, 2020, 41(17): 89-96.
DU Mingyuan, LONG Haitao, TIAN Lipeng, et al.
Fungicidal effect of glow discharge plasma on fusarium
sulphureum[J]. Food Science, 2020, 41(17): 89-96.
IRERIG, TR, E05, S Bl A5 RS T A 4R
FE B 18 i1 07 A I R E VR ] R Ak PR T 2000, S S A
LR T 224k, 2022, 40(3): 51-61.

XU Yuhong, LONG Haitao, WANG Ting, et al. Effects of
contact glow discharge plasma and seed treatment
methodology on alfalfa seed germination[J]. Journal of
Radiation Research and Radiation Processing, 2022, 40
(3): 51-61.

PN, VRN, TRV, S5 . MOGTICR S B TR 3R
o i 2 2R B AR A RO 3 B BT RS2 IR ). £
Tk B4, 2015, 36(24): 104-108. DOI: 10.13386/j.
issn1002-0306.2015.24.013.

SUN Yan, PU Lumei, LONG Haitao, et al. Effect of glow
discharge plasma on the degradation of patulin in apple
juice and its quality[J]. Science and Technology of Food
Industry, 2015, 36(24): 104-108. DOI: 10.13386/].
issn1002-0306.2015.24.013.

FPRE, TKWEER, PRIA, 55 maR S BNE KAL) M
2R A2 G AR, 2010, 46(4): 399-402. DOI: 10.13592/.
cnki.ppj.2010.04.001.

SHU Zhan, ZHANG Xiaosu, CHEN Juan, et al. The
simplification of chlorophyll content measurement[J].
Plant Physiology Communications, 2010, 46(4): 399-402.
DOI: 10.13592/j.cnki.pp;j.2010.04.001.

Riintzel C L, da Silva J R, da Silva B A, et al. Effect of
cold plasma on black beans (Phaseolus vulgaris L.), fungi
inactivation and micro-structures stability[J]. Emirates
Journal of Food and Agriculture, 2019: 864. DOI: 10.
9755/ejfa.2019.v31.i11.2029.

Mitra A, Li Y F, Klampfl T G, et al. Inactivation of
surface-borne microorganisms and increased germination
of seed specimen by cold atmospheric plasma[J]. Food
and Bioprocess Technology, 2014, 7(3): 645-653. DOLI:
10.1007/511947-013-1126-4.

Liu Y G, Ye N H, Liu R, et al. HO, mediates the
regulation of ABA catabolism and GA biosynthesis in
Arabidopsis seed dormancy and germination[J]. Journal
of Experimental Botany, 2010, 61(11): 2979-2990. DOI:



OB BMMEETIR SR BT A MIAC AR T B A R HEAE A B T

15

16

17

18

19

20

21

22

10.1093/jxb/erq125.

Rajjou L, Gallardo K, Debeaujon I, et al. The effect of a
-amanitin on the Arabidopsis seed proteome highlights
the distinct roles of stored and neosynthesized mRNAs
during germination[J]. Plant Physiology, 2004, 134(4):
1598-1613. DOI: 10.1104/pp.103.036293.

EHL BRE =, BOER, & KRS & TR B0 4252
7T R A AE KR B RIRZ I [D]. #R b AR 224k, 2007, 22
(6): 108-113. DOI: 10.7668/hbnxb.2007.06.022.

WANG Min, CHEN Qingyun, CHEN Guangliang, et al.
Effect of atmospheric pressure plasma on growth and
development of lettuce[J]. Acta Agriculturae Boreali-
Sinica, 2007, 22(6): 108-113. DOI: 10.7668/hbnxb.2007.
06.022.

Zhou R W, LiJ W, Zhou R S, ef al. Atmospheric-pressure
plasma treated water for seed germination and seedling
growth of mung bean and its sterilization effect on mung
bean sprouts[J]. Innovative Food Science & Emerging
Technologies, 2019, 53: 36-44. DOI: 10.1016/j.
ifset.2018.08.006.

JRBA, AT, B R . B R AR A A N K AR LB AR
[0]. HF 2 2 ) B 22 24 06 2005, 22(3): 531-533, 524
DOI: 10.3969/j.issn.1005-202X.2005.03.011.

CHEN Yang, HE Baosheng, XUE Kang. Study on the
mechanism of biological effect
Chinese Journal of Medical Physics, 2005, 22(3): 531-
533, 524. DOI: 10.3969/j.issn.1005-202X.2005.03.011.
IRV, SRIRAT R, TRANPH, 55 . 97 YR 25550 B4k
TR B ERGRIR[I]. 75 R R (B R R,
2021, 61(12): 1438-1451. DOI: 10.16511/j. cnki. ghdxxb.
2021.25.004.

GUO Yuntao, ZHANG Dongheyu, ZHANG Liyang, et
al.  Air SARS-CoV-2
pathogens: a review[J]. Journal of Tsinghua University
(Science and Technology), 2021, 61(12): 1438-1451.
DOI: 10.16511/j.cnki.ghdxxb.2021.25.004.

Lukes P, Appleton A T, Locke B R. Hydrogen peroxide

and ozone formation in hybrid gas-liquid electrical

of electrostatic[J].

disinfection for and other

discharge Reactors[J].
Applications, 2004, 40(1): 60-67. DOI. 10.1109/TIA.
2003.821799.

Bormashenko E, Pogreb R, Whyman G, er al. The

reversible giant change in the contact angle on the

IEEE Transactions on Industry

polysulfone and polyethersulfone films exposed to UV
irradiation[J]. Langmuir, 2008, 24(12): 5977-5980. DOI:
10.1021/1a800527q.

Bormashenko E, Grynyov R, Bormashenko Y, ef al. Cold

23

24

25

26

27

28

29

30

31

010401-11

radiofrequency plasma treatment modifies wettability and
germination speed of plant seeds[J]. Scientific Reports,
2012, 2: 741. DOI: 10.1038/srep00741.

Zhang W J, Bjorn L O. The effect of ultraviolet radiation
on the accumulation of medicinal compounds in plants
[J]. Fitoterapia, 2009, 80(4): 207-218. DOI: 10.1016/j.
fitote. 2009.02.006.

Grzegorzewski F, Rohn S, Kroh L W, er al. Surface
morphology and chemical composition of lamb's lettuce
(Valerianella locusta) after exposure to a low-pressure
oxygen plasma[J]. Food Chemistry, 2010, 122(4): 1145-
1152. DOI: 10.1016/j.foodchem.2010.03.104.

Meng Y R, Qu G Z, Wang T C, et al. Enhancement of
germination and seedling growth of wheat seed using

dielectric barrier discharge plasma with various gas

sources[J]. Plasma Chemistry and Plasma Processing,
2017, 37(4): 1105-1119. DOI: 10.1007/s11090-017-
9799-5.

Stolarik T, Henselovda M, Martinka M, et al. Effect of
low-temperature plasma on the structure of seeds, growth
and metabolism of endogenous phytohormones in pea
(Pisum sativum L.) [J]. Plasma Chemistry and Plasma
Processing, 2015, 35(4): 659-676. DOI: 10.1007/s11090-
015-9627-8.

Filatova I, Azharonok V, Kadyrov M, et al. The effect of
plasma treatment of seeds of some grain and legumes on
their sowing quality and productivity[J]. Romanian
Reports of Physics, 2011, 56(Suppl): 139-143.

Paatre Shashikanthalu S, Ramireddy L, Radhakrishnan
M. Stimulation of the germination and seedling growth of
Cuminum cyminum L. seeds by cold plasma[J]. Journal of
Applied Research on Medicinal and Aromatic Plants,
2020, 18: 100259. DOI: 10.1016/j.jarmap.2020.100259.
Liu D, Wu L T, Naeem M S, ef al. 5-Aminolevulinic acid
enhances photosynthetic gas exchange, chlorophyll
fluorescence and antioxidant system in oilseed rape under
drought stress[J]. Acta Physiologiae Plantarum, 2013, 35
(9): 2747-2759. DOI: 10.1007/s11738-013-1307-9.

Li L, Li J] G, Shen M C, et al. Improving seed
germination and peanut yields by cold plasma treatment
[J]. Plasma Science and Technology, 2016, 18(10): 1027-
1033.

Roy N C, Hasan M M, Talukder M R, et al. Prospective
applications of low frequency glow discharge plasmas on
enhanced germination, growth and yield of wheat[J].
Plasma Chemistry and Plasma Processing, 2018, 38(1):

13-28. DOI: 10.1007/s11090-017-9855-1.



