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Effect of dielectric barrier discharge plasma on alfalfa seed vigor and the construction of

comprehensive evaluation model

LIYingyan CHANG Jiging QIAO Yiying DONG Lulu LIU Jiaging LONG Haitao PU Lumei
(College of Science, Gansu Agricultural University, Lanzhou 730000, China)

ABSTRACT Low temperature plasma has been considered as a green technology that can stimulate seed
germination and seedling growth. In order to explore the optimal conditions for the effect of dielectric barrier
discharge plasma (DBD) discharge voltage and treatment time on alfalfa seed vigor, this paper used binary quadratic
orthogonal regression rotation combination design to investigate the effects of treatment voltage and time on seed
germination rate, germination potential, germination index, vigor index, water absorption, relative conductivity and
seedling fresh-dry ratio. The comprehensive evaluation model (Z value) of seed vigor was constructed by AHP-
entropy weight method to determine the optimal treatment conditions. The results showed that under the
experimental conditions of the binary quadratic orthogonal regression rotation combination design, plasma treatment
could significantly improve the seed germination index, with the rate and vigor index reaching 78.33% and 613.71,
respectively. The seedling length increased to 46.83 mm. The fresh-dry ratio and water absorption rate reached 19.03
and 94.23%, respectively. The relative conductivity and MDA content decreased to 28.15% and 0.009 umol/g,
respectively. Analysis of variance showed that voltage and time had extremely significant effects on Z values (p<
0.01), and the effect of voltage was greater than that of time. The model optimization showed that the optimal
conditions for DBD treatment of alfalfa seeds were voltage of 18.60 kV and time of 24 s, and the predicted score Z
was 83.60. The experimental results showed that the Z value is 90.54 under this condition, which is better than the
predicted value. Scanning electron microscopy analysis confirmed that DBD treatment enhanced the water
absorption capacity of seeds and accelerated the germination process. The comprehensive evaluation model
established in this paper provides a reliable method for optimizing DBD seed treatment conditions, and the obtained
results also lay a theoretical foundation for the application of plasma in agriculture.

KEYWORDS Alfalfa seed vigor, Condition optimization, AHP-entropy weight method, Dielectric barrier

discharge plasma
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13 SUhysK 28 =KV
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KR IL SR IE A A A B R R R ! 51.94 23.53
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Table 2 Binary quadratic orthogonal regression rotation combination design table
SIS 2 531 #ih{E Coding value AL Treatment
Text group z, z, Als B/kV
CK - - - -
Gl 1 1 52 23.53
G2 1 -1 52 16.48
G3 -1 1 13.05 23.53
G4 -1 -1 13.05 16.48
G5 +1.414 0 60 20
G6 -1.414 0 5 20
G7 0 +1.414 32.5 25
G8 0 -1.4314 32.5 15
G9 0 0 325 20
GI10 0 0 32.5 20
Gl1 0 0 325 20
G12 0 0 32.5 20
G13 0 0 32.5 20
132 S 3 FROACFERESFE ) IFE 0, C; @MYz A 2.
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Table 3 Judgment matrix scale
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1 55 P P52 A [

Equal importance Factors i and j are equally important
3 L5 PR R A LE— SRR B 53— R Rl
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5 b PIE R AL — MR R S — A

Strong importance Factor i is strongly more important than factor j
7 TR PIER R AR LE— SRR B 53— ROy
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9 #5008 R 793 PR 2 AR B — PR 3R B g — i i R
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2.4.6.8 B3R 2 AN AR AT PR 3R R v 4
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{40 BRI AR P a, 36 i X HORIIE W a, = 1a,
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R4 FHREHL—BEIRIRE
Table 4 Average random consistency index value
B % Order 1 2 3 4 5 6 7 8 9
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Table 5 Weights of each index
et BLE Weight
Indicators SR Mk JEALZ: AHP-ELE
AHP Entropy weight method ~ AHP-entropy weight method

K # % Germination rate 0.35 0.09 0.26

K 2E# Germination energy 0.15 0.11 0.13

K 2840 Germination index 0.10 0.12 0.10

% 118 # Vigor index 0.13 0.15 0.16

% 7K % Water absorption rate 0.14 0.18 0.19

H%F HL 5% Relative electrical conductivity — 0.05 0.21 0.08

i tt. Fresh-dry ratio 0.08 0.12 0.07
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Fig.2 Voltage-current waveform and active particle color evaluation (color online)
(a) Voltage and current waveforms over time; (b) O—V Lissajous diagram; (c - ) 2 mm thick agar plates: (c¢) untreated control,
(d) front side after treatment, (e) back side after treatment; (f - h) 4 mm thick agar plates: (f) untreated control, (g) front side after
treatment, (h) back side after treatment
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R6 ILIKIEXE A S LRSI R

Table 6 Experimental results of binary quadratic orthogonal regression rotation combination design

2853 Group 4b3 Treatment 25437 Comprehensive core
Als B/kV V4
CK - - 59.600 3
Gl 52 23.53 28.090 7
G2 52 16.48 65.271 0
G3 13.05 23.53 52.064 1
G4 13.05 16.48 68.253 5
G5 60 20 58.782 4
G6 5 20 79.209 9
G7 32.5 25 11.5810
G8 32.5 15 72.098 8
G9 32.5 20 71.784 9
G10 32.5 20 84.582 7
Gl11 32.5 20 86.036 3
GI12 32.5 20 73.1775
Gl13 32.5 20 79.840 5

I Z NPT R SRR ER 1300 o

Note: Z represents the comprehensive score of each indicator for seed germination.

K7 EEREETESHTR

Table 7 Regression model analysis of variance table

M T H i FH plE

Source Sum of squares Degrees of freedom F-value p-value

I [H] 4 Time 4 5810.30 4 9.88 <0.000 1**
HiJE B Voltage B 32 029.62 4 54.46 <0.000 1**
B[] A” Time 4° 5810.30 4 9.88 <0.000 1**
L% B* Voltage B 32 029.62 4 54.46 <0.000 1**
ZZ HL I AXB Interaction AxB 19 701.99 8 16.75 <0.000 1**
%7 Residual 3822.87 26

PERK R 0.804

Coefficient of determination R’

W FOREREE (p<0.05), ** FoRZEFEW I (p<0.01).
Note: * indicates a significant difference (p<0.05) and ** indicates an extremely significant difference (p<0.01).
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Fig.8 Response surface (a) and contour map (b) of two factors on comprehensive germination index of alfalfa
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Fig. 9 Validation of experimental seed germination
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Fig.10 The physiological characteristics of experimental seeds and seedling growth indexes were verified (color online): (a) seed
water absorption, relative conductivity, fresh-dry ratio, seedling length; (b) changes in the contents of H,0, and MDA in seeds before
and after DBD treatment; (c) and (d) are the visual images of seedling length of the control group and the treatment group,
respectively
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Fig.11 Micro-morphology of seed surface before and after
treatment
(a) and (b) are the SEM images of the control group magnified
by 1 000 and 3 000 times, respectively; (c) and (d) are the
images of the corresponding treatment groups, respectively
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