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Fig.1 Plasma seed processor
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Fig.2 Workflow of plasma seed processor
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Table 1 Levels and codes of experimental factors
I ﬂ\@ iﬂ(:l: Level of facu;f@[ﬁ -
Coding value .
Treatment power/W Treatment time/s
1.414 180 21
1 162 18
0 120 12
-1 78 6
-1.414 60 3

®2 TRTRIEXREVAREFEESRITERERR
Table 2 Binary quadratic orthogonal regression rotated
combination design structure matrix table

; s e sy
Tliﬁifg s Coding value Treatment
il 22 A/W Bls
CK - —= 0 a
Gl ! 1 162 18
G2 1 -1 162 6
Gl - 1 78 18
a4 -l -1 78 6
G5 1.414 0 180 12
G6 -1.414 0 60 12
G7 0 1.414 120 21
G8 0 ~1.414 120 3
G9 0 0 120 12
G10 0 0 120 0
Gll 0 0 120 12
G13 0 0 120 12

e oz LB RIS, 2 NALBRIN RS0S4 NALEETIZ, B AR
IR 1R,

Note: z; is coded for processing power, z; is coded for processing time, A4 is
processing power, B is processing time.
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Note: Different lowercase letters on the bar graphs indicate significant
differences (P<0.05), as follows.
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Fig.3 Seed germination potential and germination rate in different
text groups
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Fig.4 Seedling root length and shoot length in different text
groups
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Fig.5 Seedling fresh and dry mass in different text groups
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Fig.6 Seed conductivity and water absorption of seed coat in
different text groups
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W febr A E R, AR T RFRSRER, YHEF
K. FHE, MTRFERS59HFEL. TRE, YR
KGEER . P oOKE, K SE . fi ik
K, DL R A 5 S R B K R R R IE AR,
Horb gt 2R K SRR ROK R A o8 R AR, N 0.875;
iy SRS RFR. RFER, IRk, SRt
R RS, (HAEAEE,

Go| 1 0.836  0.072  0.723  0.498 0.858 —0.257 0.456
Gy , 1 0.003 ' 0.612  0.306 0.846 —0.332 0.287
R, 1 0.409 1 0.822  0.118 —0.378 0.645

S, ’ ’ 1 0.720 1 0.527  0.036  0.875
Fy , ’ 1 0.444 —0.168 0.850
Dy, / , 1 —0.401 0.309
Cy . 1 0.100
POeLLO

G[’ GR R L SL Eti D M CS I/VA

W *RORTE 0.05 K FREMK. G W TF RS, G AR FRFE,
R, RANERAC, S, R K, Fy RATEEETE, D, A TRE, Cs
NFFHEEER, W, ORREIRKE,

Note: * indicates significant correlation at the 0.05 level. G, is seed germination
potential, Gy is seed germination rate, R, is seedling root length, S, is seedling
shoot length, F), is seedling fresh mass, D), is seedling dry mass, C; is seed
conductivity, W, is water absorption of seed coat.

B 7 KELFRATI 6948 K b5 AT

Fig.7 Correlation analysis between the test indicators
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Table 3 Eigenvalues and contribution rates of each principal

component
IR gy i SBULIE
rincipal . o Cumulative
Eigenvalus  Contribution rates/% o
components contribution rates/%
1 4.355 54.44 54.44
2 1.878 23.48 77.92
3 1.237 15.46 93.38
4 0.243 3.04 96.42
5 0.153 1.91 98.33
6 0.083 1.03 99.36
7 0.034 0.43 99.79
8 0.017 0.21 100.00

* 4 HMIIBRAER S BT

Table 4 Principal component loading matrix for each test indicator

oy —
XL FE B Test indicators EX, i) Pr1nc1§al component

1 3
Gp 0.841 —0.442 0.147
Gy 0.742 —0.592 0.060
R, 0.544 0.671 —0.478
S, 0.887 0.146 0.348
Fy 0.834 0.478 —0.101
Dy 0.780 —0.527 —0.079
Cs —0.301 0.279 0.885
W, 0.788 0.524 0.248
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Table 5 Principal component scores and comprehensive
evaluation of plasma treatment effects on alfalfa seeds

TI=Y Y=Y
hﬁgﬁé}i%ﬂ Princioal j:mzﬁ'ﬁﬂ!‘ﬁ s éﬂ?l:l;\fﬁ‘ ﬂFg
Text groups rincipal component score (PCS)  Comprehensive Ranking
F Fy F3 core

CK -6.322 —0.423 1.482 -3.312 14
Gl 2.036 —2.263 0.672 0.681 6
G2 1.871 -2.374 0.204 0.493 8
G3 —0.483 -1.234 -1.318 —0.756 12
G4 —0.739 —1.408 0.479 —0.659 11
G5 0.770 0.176 —-0.013 0.458 9
G6 —1.947 0.045 —2.969 —1.508 13
G7 0.943 0.361 1.084 0.766 2
G8 0.377 0.447 —0.930 0.166 10
G9 0.417 1.797 0.306 0.696 4
G10 0.974 0.818 0.049 0.730 3
Gl11 0.428 1.609 0.484 0.686 5
Gl12 1.069 1.002 0.472 0.891 1
G13 0.605 1.447 —0.003 0.669 7

1 32 B2 2 T 455 TR S5 R AT, AN R ) 4
BT AR EE A7 R AR PR AN E], WRER A G12 4R E
oy, LRE5r 0.891; AL CK £ 154w,
EE-3.312. VLIS T AR T AL B RE S BT A 4R
THEREM TS, HE&R 2R, S8 TIRLEEH
Thae 120 W AbFRRS (] 12 s BF, X i 4 b7 B B =
R HEAE T o
2.3 [EIERBIEE S R AR R AR

TR AR R A SR AR T 8 IR FE AR B4R
—NERE R IR Z, A TR R ES .
PBEC VitER R AR, mHem. RER N 7 EE
TR AL BT B AT R AR BN

N T 0T R 5 T A T A B B £ b PR
ST, A BEAE B T AR BORAE Rl A B T Y B S 43
BB SCHE, EER AL . 12 A Design Expert
BAFX GRE R R Z #EAT A b, A oo
UCIEAZ Bl VA i 2 20 A Bk il 5 v, ke as RNk 6 fr
a TESIER 0=0.01 IARZETG, @LERE R KT
K Z SAERTIAR A FIREPER 8] B 2 8] A B A .

Z=-6.676+0.0984 +0.073B+2.835x 10 *AB
-3.578x107*'A? -3.632x 107 B? (9
®6 ZRTREXREVARERASRITRINER

Table 6 Experimental results of binary quadratic regression

rotating combination design

XL 4 5 Text groups AW BJs V4
Gl 162 18 0.681
G2 162 6 0.493
G3 78 18 —0.756
G4 78 6 —0.659
G5 180 12 0.458
Go6 60 12 —1.508
G7 120 21 0.766
G8 120 3 0.166
G9 120 12 0.696
G10 120 12 0.730
Gl1 120 12 0.686
G12 120 12 0.891
G13 120 12 0.669

e Z NSRRI R
Note: Z indicates the comprehensive germination test index.
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Table 7 Regression model ANOVA table
TiZEMIE SFITAL B 77

E R HL

Source of Sum of Degrees of Mean F i P Determination
. Fvalue P-value . 2
variance squares freedom  squares coefficients R
17 Model 6.590 5 1320 84.15 <<0.000 1**
A 3.610 1 3.610 230.38 <<0.000 1**
B 0.120 1 0.120 7.37  0.030 0%
AB 0.020 1 0.020 1.30  0.2910
4 2.830 1 2.830  180.95 <<0.000 1%*
B 0.140 1 0.140 9.11  0.019 4*
TR 0.983 6
Residual 0.110 7 0.016
)
Ktk Lack ) 7 3 0026 3.6 0.1480
of fit
R 03 4 8139x10°7
Pure error

S Total  6.700 12

e *RRZEREE (P<0.05), *REZERWEE (P<0.0D).

Note: * indicates significant difference (P<<0.05), ** indicates extremely significant
difference (P<<0.01).
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oA BT A AR (R IR 2 A ELAE A [0S
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N HA R K T A ). A REME, FFRAE
W 305 I %o 45 3 A A R ) S AT AE I 4P, R =
BTSSR BRI

PR (9, MULEEAERFRBTEH Z A3 H i
KAE 0.955 W, XTS5 B8 AR A B 4% F D A BRI R
142 W, KCEEE 16 s, ZRIGI0UE, TEMAMT, FiT
RIFBRRIERBIERT 96%, hERK AN 54.45 mm,
KN 1943 mm, 2hHEFFEN 0351 g, S TR
BH00239g, FTHFERA42.67uSlem, FFIHRKE
N 1.60%. R  Z 15 0.973 SEISTNE 0.955
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Fig.8 Coupling effect of two factors on the integrated germination
test index of alfalfa seeds
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Comprehensive evaluation of alfalfa (Medicago sativa L.) seed vitality
based on plasma treatment

WANG Decheng'*, HUANG Chen!, YOU Yong'*, LIU Jinlong** , HE Gang®,
ZHANG Yuzhuo! , HUI Yunting'**

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. Ningxia Qianyeqing Agricultural Science and
Technology Development Co., Ltd, Shizuishan 753000, China; 3. Hohhot Branch of Chinese Academy of Agricultural Mechanization
Sciences Co., Ltd, Hohhot 010010 China; 4. Key Laboratory of Machinery and Equipment for Forage Seed Production and Processing,
Ministry of Agriculture and Rural Affairs, Shizuishan 753400, China)

Abstract: Alfalfa (Medicago sativa L.) is one of the superior forage crops that is extensively cultivated in China. The surface
of alfalfa seed is rich in dense hydrophobic wax-like substances, thus inhibiting water permeation, seed germination, and
growth. Plasma treatment can serve as a physical seed treatment to promote seed germination and crop growth while offering
environmental and economic advantages. In this study, the optimal conditions of plasma treatment were obtained to promote
the growth of alfalfa. An improved model was constructed to clarify the actual effect of plasma treatment on alfalfa seeds.
Zhongmu No. 4 was taken as the experimental material. The binary quadratic orthogonal rotation design was used to combine
with germination tests. A systematic investigation was also made to explore the effects of plasma treatment power and
treatment time on eight indicators of alfalfa seed germination, including seed germination potential, seed germination rate, seed
conductivity, water absorption of the seed coat, seedling root length, seedling shoot length, seedling fresh mass, and seedling
dry mass. The variance and principal component analysis were conducted to systematically evaluate the vigor of alfalfa seeds
before and after plasma treatment. A mathematical model was established to integrate the plasma treatment power and
treatment time with the comprehensive germination text index of alfalfa seeds, in order to seek an optimized condition of
treatment plan. The results showed that the plasma treatment positively enhanced the vigor of alfalfa seeds; The variance
analysis indicated that plasma treatment significantly (P<0.05) increased the water absorption of seed coat (20.93%), seedling
shoot length (16.05%), seedling fresh mass (18.57%), and seedling dry mass (18.39%). There was a significant (P<0.05)
decrease in the seed conductivity (28.86%), which was beneficial for the quality of alfalfa seeds. Principal component analysis
was implemented to extract three main components with a cumulative contribution rate of 93.38%. A comprehensive evaluation
model was established to explore the effects of plasma treatment on alfalfa seeds, according to the scores of the three principal
components and their corresponding weights. The highest comprehensive score was achieved in the G12 experimental group
(treatment power of 120 W, and treatment time of 12 s). Two factors (treatment power and treatment time) shared the threshold
effect on the comprehensive germination test index of alfalfa, with the influence of treatment power greater than that of
treatment time. There was no significant interactive effect of the two factors on the comprehensive germination test index of
alfalfa (P> 0.05), indicating that the two factors were independent of each other, without substitution and counteraction. The
processing conditions were optimized for the plasma treatment with a treatment power of 142 W and a treatment time of 16 s.
Experimental verification showed that the comprehensive germination test index of alfalfa was 0.973 under the optimized
treatment conditions, with a relative error of 2.83%, compared with the theoretical value of 0.955. An acceptable range of
experimental error was achieved to further prove the rationality of the model. Therefore, the optimized conditions were
obtained by the model for plasma treatment, indicating a quite reliable measurement. In summary, this finding can provide
theoretical support to promote and apply the plasma seed treatment technology. A comprehensive evaluation was offered for
the seed quality, which was a positive significance to promote the application of plasma in seed pre-sowing treatment.

Keywords: seed vigor; principal component analysis; plasma; Medicago sativa L
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