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BIEAT)ReA, BEMiSE e T KRR F420% 7); KITAZAKI
UV R RS DBD RIS B A KIS 2 bR BRI
J ) 2 v B A FEBOR AL BRALAT BT in, - L3 i R AN i
FHEMA%. BT MIERA G TS BRI
Z5/<, DBD fI RS B 1R Ah B 9 R0 1 B A e AR
i T DBD (RIS B 7R AL B IGIR 45 1 1A A
Wigm el wEl R R R R E R RS
PR e T A AT R KA R, 2R BRI,
DBD G 55 B TR B ARAR SCHIF 7¢ 1 BEARBLAE AR ™ i LR
TR PR RS TR AR AE DT, (AL
O R TR T, R B TN R
Tk 78 HXT Jim 4w AR R BT S A A B B0 5 i AT i
. [, FETENSMCT DBD RIS B AR 2 5%
TR GREBSR SR, MK, 5aEES o
A RO R THRAE F1 . KRS T E AR
FESEIN BT FEARAE, W FOIZ AN WE KRB 2
—NERNTIE S R A A BIFEN, DU EORAE IR
o 22 SN A 7 rR R T B T T £ I R 3k — 5 (KR
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1 MR5RE

1.1 #RERF

BERFP T PR 22 (FKE 11.0%), A0k R
B FAR 307 CBKER 11.2%), R EER: 1
W3R T 2022 £ 6 H «

Wil PrEfLEs GBS SR/ AL AT A
W) AR S (bR REEREARAFD
Tt 2 P2 o b4t
1.2 UFE58%

DBD-50 il % 85 7Rk e B 2%, {258 TR
HAMRAF; H3-18KR @ B 00, 517 AT A 2% % &%
HIRAR]; UV-3400S L4 WG e B, Bt
X2 PR AT, CTFD-10T-U B2 A% T1EHL, F 5Kk
FIE)E B FRFH R AT Scios 2HiVac i T B4
5%, £ FEI A
1.3 REHE
1.3.1 #Hax

DBD % & TR B2 B i 1 R, 10 g /b
R 2 5] 1 P4 E DBD-50 i 75 25 B 11K I B 2 o
FLUEERER (1 L/min) A& S. HRHE VELICHKO
G g e, ETURIG S R 1, BE LGS
H: HLHE 10 kHz, “FIHIADIE 60 W, fith R
15kV, 525 25%, HHEEE 8 mm, JHCHEATE N 0. 6.
9, 12, 15s.

¥ FIRAE S T 5 82 15 )1 R R A g R e,
TEM e 2 RAHE A (0s) KAFFEFEM (6. 9. 12,
15s) P& /IRy EET, BYBOR IR 258 7d BB EEn
WAEGA G, —80 C 7, ULH T ER. A
AEAEFEFR (7 5 o

1. 2SR B 2. Bk A f 4% 3. ok #s 4. SO S. B EARED 6. FUIRIRED 7. IR
FARAR 8. A1 JEAR

1. AC power supply 2. Pulse modulator 3. Oscilloscope 4. Gas cylinders 5. High-
pressure probe 6. Current probe 7. High voltage electrode plate 8. Quartz plate

B 1 DBDREF&THRAELER

Fig.1 DBD low-temperature plasma treatment device diagram
1.3.2 #FE A4

NEENREFRSHME IR NS, SR
an BT R 40 KB T R LA, R RL E] 2 D fR KR
0.5 cm HIAIER; 20 C BOLIEFR AL 3d Ja, BERE;
7%, BP24°C. JEHEKEFE 14h, 18 'C. HMEERIFE 10h;
S8 J P B SR ML PP NS B ) 28T RK AR DR 78 R R 7K 20 B35

K ZFZ (germination rate, GR): PAZFHGEHITFF ALK
FER)—FubritE, BRI R RO ATIE S, R ARDY:

Gn
Gr = —x100% (D
m

X Gy ARHER; G, N n RIRZES m iR KR
TR

MESHK: W FRER 74N, NERFRME
BEHLIEEL 20 ¥R/NZE4NT (3R 10 M), SRR,
KHE RGN ZDHHIRERE K, ZBR&SSHMNR
KESHRME, FHHEPHME.

fEE T E ERBREAR . WRAE, K20 %
INFEYTE L R AR TS SR, 2K RS, B
HARHK A, e s, BJE 105 Cy & 30 min,
75 C HtFFAEE, e TR,

W /1F6% (vigor index, VI):

G,
GZZE’ (2)
V,=G,xS (3)
KF G NEZFEREG G, N n RINKZFE: D, NEZ
REG v, NiE e EG S A K, mm.

WK JEEL 50 b K /NE — /N FlF, FREE, 9l
My M5, BT 10 mL ZEEKF, 1R 8 h JFHUE,
BT HRMAKS, FRRE, ik M,

ﬂ&*%%%)zﬁgéﬂﬁxum% (4

P My N R FIROKET IR, g5 My N/NZERRFIR
KIGHIF R, go
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1.3.3 FFHALMNR

Py SR AR VR I R f Y, AR R A D R
N: TRHC 1.5 pL () ZE AR N R R, SRR A
BRI K %1%, FIH Photoshop 4 EM%, K
Image) A ¥ /KR H L1 7 AR L& 813,
WA A o

Tl Rz G K0y = 34 FH UL AL 1) /IS 22 R L 3 D) B 0 ol
R, G BRI S R A e B0t A B AT fE R
i IR R SO 5 # EAT %%, T 1,000+ 2 000 fi5 T 411 R
FHaprt
1.3.4 4 Rast A 2484709 M T

HEBERSE: B 0.05 g AR, BT W
PRep, O 15mL 1A FR A 2B B (R R L A
2:1), WREERRAIN, HBE 2mL EO0E, 50 C. KR
2h, MAMPESIER)G, 4 °C. 10 000 rpm & 0> 15 min,
U 0.5 mL RS 6 s BuA® (3 mL) o
RA, BEJSIISE 447, 645 . 663 nm &b IR, St
HERIRE R AR N:

Co= 12.21XAg3—2.18X Agss (5)
Cp=20.13XAg15—5.03%Agss (6)

Cooy=(1 000X Ay; —3.27%xC,—104xC,) /229  (7)

ARG (nglg) = L TEXD
XF Cov Cpn Cop A HINIRBUE P4 3R 2y HEEE b
KIS P ERIIIRE, mg/L; Cax L&A (5/6/7) 1T
HHEMORIKEMN (C,/Cy/ Cpu) s mgLs Ay Agse
Agss THNIRBGE T 447, 645, 663 nm AHIROGIE; Vi
NIRERUEAAR, mLs n NBREURFEREMEEG MO

(8)

fifE, g,
AEMEEASE: RAE YR G-250 31T AT

HEE AR EN, FREL0.05 g HRAFREEEEH F, AR
WFBE SR ACIR, IR E 2 mL B0, BE)E A
RN 2 mL BERRZEMR (pH H N 7.8), RlERA], 4 C.
11 000 rpm B§.0» 10 min; WA BIEHR, PR H 5 2800K.
2 Ml G-250 W 2:3:30 FI LR AT A, Wil E
7 595 nm AL EAE . P 100 pg/mL 2 I3 28 1 AR e
(ORI

AR R SR M o E IR EB R,
FREC 0.1 g ¥R A7 8T B i 2884, A 2 mL 80%

vv) HCRE, R HHEE, HH#EE 2mL BOEY,

80 'C. /K¥ 40 min, ¥ #, 3 000 rpm & -C» 10 min; M
B RS, kL K. BRI 1:19:80 1L
WA G, WKW 10 min, AAIZRZER, WE 625 nm I
A . BL 100 pg/mL 8 % KA AR AR 7R 2k o
1.3.5 Y RAIIEAFE M T

PrEAL BRI SR El 105 ) 4% AL B R
BEERIOR, BEDFREX 0.5 g R A7 3T i it = HEk
A SmL BRI (pHE N 7.8), WK LB RS2,
HEEFE 2 10mL B0 H, 4°C. 8500 rppm Z.0» 10 min,

QSR I E i R N L SRR Gk ol B | R i = s I
M & 48 A AL ¥ 4L B (superoxide dismutase, SOD) .
HEEN (catalase, CAT). MG (peroxidases,
POD) 5%

PR MLER & & (ascorbic acid, AsA): FHEHZLL
R GE /N FE G R PO I R S B, A
0.1 g HAFM F FIRFER NN 5 mL ¥R EDTA ¥, Wt
BERAISE, FEFEEFEE 10 mL B0 H, 3000 rpm. 350
10 min, U LJEWAFI; % LS. FER-EDTA A
5% (viv) TRIR. MBER- LIRIETR 5% (viv) HHIREVE
WHARFAEL (1:3:0.8:0.4:1.6) JB%AI, 30 ‘C. 7K¥% 10 min,
Bl J5 M€ 760 nm AW HH . LA 1 mg/mL FI4EA4E & C
YT AR Ve i 28

7§ /% (malondialdehyde, MDA) & &: H 0.1 g
URAFIE 1S TS, N 3mL 0.1% (wiv) =
KOPRVEWR, WIESIS, 4°C. 10 000 rpm 250> 10 min;
WL S, S AR B 2 B IS AR AR L 1:2 7R
21, WK 15 min, SZEIA A, 5000 rpm &0 5 min,
ME _FIERALE 450 . 532« 600 nm A HIBIER.

1.4 HUESH

F I ¥ EE 3K, KA Microsoft Excel 2021 Fll
IBM SPSS 26 4b ¥4 2 2.2 V73 Hr (P<0.05), Origin
2021 fEH.

2 GHRSSMH
2.1 DBD {RIEFE TR N LM FIE IR
2.1.1 MFRFF

Tl 2 Z R i B PP T R SFRE DI HE AR, SR A
PP EMEEER P R 2R, BREE
2d W, B 22 (0s) MIRIFEA 48.75%, M5 &FE
i/ NERIR ZEZR A AN 67.50% (65) 75.00% (9s).
68.75% (12s). 65.00% (15s); F4 307 Ab¥ )5 & k¢
R R E TR B FE S (60.75%), H 4b B
9s B IFh T RZF R G E, KF] 77.50%. KiRE 7d 0,
LR 9 s (PRI /N R S 2 by, 3908 98.75%. ik
45 R W] DBD KRS & PR — e R B ARt T/
TRTF IR, HARHERORARAE S AR s i A B
] (12 15s) MIREK, PRI/ K o 2R 3G IR A
FTRRAR, ZE 5 oAt 2 2 AR 72 45 AR =Y, X a]
A i A R IS 1) S K T i D o S 08 i 2,

80 Kb LI 7] 80 L ER I 7]
60 Treatment time 60 Treatment time
. (6) N 2 N
s 65
9s 40 9s
12s

# Germination rate/%

« 155

— SGompertzil &
012 3 45 6 7
157716 [ Incubation time/d

a. 14307
a. Bainong307

B 2 DBD &R B TR A N EAY T4 F R 9 %h
Fig.2 Effects of DBD low-temperature plasma treatment on

+ 155 \
—SGompertzfl & &
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R % # Germination rate/%
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germination rate of wheat seeds
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2.1.2 HhEmAEkbs
/INZZ Sy T TRTAR T T U S I 40 T I A KR B
i 2 U] 8 0 AR I H 20 7 A K R R KR R T

SRR, R RO R T R R A KBS
7, DBD {545 B 1 1A A 35 5 9 Ah /N 22 1 1T
FIghe (7d) EKEBERWFE 1w,

%=1 DBD REFETFHLEBRNEMTFHESHENEKER

Table 1 Growth condition of newborn seedlings of wheat seeds after DBD low-temperature plasma treatment

Bl A B i) K ff TE i 1TRE
Variety Treatment time/s Root length/mm Shoot length/mm Fresh weight/g Dry weight/g Vigor index

0 66.06+1.94° 86.63+0.75° 1.345+0.023" 0.175+0.005" 1 348.04+47.00°

; 6 68.81=0.94° 89.31+3.06" 1.374£0.016" 0.179+0.001° 1 541.89:£47.44°

J’ﬁi g 9 67.56£5.31° 92.69+1.81° 1.424+0.020° 0.194+0.004" 1 739.76+85.10°
12 62.44+0.81° 92.66+2.94° 1.41120.005" 0.184+0.002% 1577.57+100.88°

15 62.40+1.42° 90.3142.55° 1.406+0.014° 0.180+0.002° 1 479.46+81.08"

0 72.44%1.81° 91.25+1.25° 1.359+0.021° 0.2000.002° 1 473.08+46.58"

6 80.75+4.75° 99.63+2.75" 1.461+0.053* 0.212£0.002% 1724.34+51.93"

Baﬁmﬁ ; 03707 9 79.38+4.25° 99.81:0.69° 1.493¢0.021“b 0.215i0.005"b 1819.08+70.17°

12 70.9441.94° 98.1943.44° 1.404+0.024° 0.2040.004" 1779.65+93.41°

15 70.0242.32° 97.66+2.98" 1.394+0.030* 0.201+0.003" 1694.40+71.13"

e FSIAFE B P RRoR A BEEZESR (P<0.05).

Note: Different superscript letters in the same column indicate significant difference (P<0.05).

BAKT &, AHEFTEPRNEZERE K, BT E R
5 SR EOT TH AR AR S 0B 64 9 s RIS
FHRKI m T S RGBS (0s), HEFARZE (P>
0.05); AbEEJE P AN RE ST KA B n, B4
AP O s BFFEE 220 AR 307 MITH KA B RRME, —
FIR A ARA TR RE S (86.63. 91.25 mm) 43 il B 2 14 0
£ 92.69. 99.81 mm; /N &Iy T 1 e i 4k o [
AR Al a3 5 K AR, ELIA AT 9 s I 5 5 35 1t 488
(P<0.05); AbEL 5 BFh/NZZ (135 T3 Fa B398 % B R b
FRAFEM (0s) EESEmE, HIAEE os FMlER K, 7
PRERE T 29.1% (5 22). 23.5% (HA4& 307). A
45 R ] DBD I 55 25 T Ab B N A R B4
HAKEARRAIERER, X2 R E ST AR
H,0,. NO 7E P (& YW i & SR 1R R i pr ™, B
IR EPEY R AR IRK IR ST A RS 5 A A4
A KA AR 3% 311220, th AT 2 K DBD iR 45 5 11k
WE RGP EKER. MR ESER S IEE,
2.1.3 FhFEAKFE

T R R K o WA 5 A P T R I R R K
SRS J 77 4 WIS A B R R 4R, R e BT R K SR A
AL VP4l Rl 7 09 & 7% /1. DBD IR IR &5 B8 144 kb BE
AN TIOR3 s, BEACBREA] I K,
PRk /N b BT K R 2 RIS N 5 R R,
RG22 BIMK REAREER K 6. 9. 12 s 2 10,
ZH0HE 9 s J5 B FFR /N R T IROK A S R AR
FE MG IR B K, 2l B EW N T 6.4% (FF & 22) .
5.9% (HA 307). 45K DBD LIRSS FARTEE Y
Ab BRI 25 A R 5 T /AN R T IROKER, 3K AT R/
2 Tl R T R R B ROV 45 4 A i AR kb B B
(i) B 8 (1) 388 0, ] I A ot 4K 2 o L B K T R
Z 1 o-1,6 BEFEBE I R R B K 2R IR R IE 2 R, R T
P9 S L 7K A 38 3 T AR R IR R, Bk B, N
ol 7 W 7K 2R B Ak 3B B A R 5 B R R R R
WK SEI RS — 2

35
3 51222 Jimai 22
=3 144307 Bainong 307

a a
b ab b ab

il
UL

0 6 9 12 15
Kb FRI 6] Treatment time/s

A F— AR RN BE R (P<0.05) .
Note: Different letters in the same variety indicate significant difference
(P<0.05).

B 3 DBD 1RR % & TR B xt ) £ A TR E 6 ok
Fig.3 Effects of DBD low-temperature plasma on water
absorption of wheat seeds

2.2 DBD RBEFBTHLIEM N EFHTRSEHHIR M
2.2.1 FFAkA

P fih f R A SRR AE [ A M R B RE I LS
o HE 4 RTEN, AbBEAT SRR R A AR AR
AL, ROBEACERR (M RE K, 532 22 (RT3 Ml A
M 124.9° (0s) ZBHFFEZE 73.9° (15s), FH A& 307 (I Fh
FHEMAE 112.7° (0s) FHTFFZE 70.5° (15s), XE
BH /N2 Fh 7 R I R M R T . RS RN
T EEL I F T AR A v KL Tk 2 A R AN e 2 T
BRI A 3R RN, B o Bz LB RS R 3 i AR
Bz 2R T S5 ) K AR Ak MY, XS B R FIR
IR 45 FB VA
2.2.2 FhksM

K A B B G A B 9 s I 1 /N 2 b B AOU 45 A ik
1TMEE, F5RAFLHFE AT 0. i 5 R,
AR AL BT T B Fh R SN R, BRI AN ANER
JEER 5 WA PR T DX 3, Ah B 79 ok /N 2 R P R S B Y
S, B JEE 45 R AR AS AR FLYE DLy . IX 3R B R
S TR R BT R AR R R T K R R AR S D R
P ZI4E BT 8G  3E mAA R T Fh 7 IS 5 ROK R 1

=30, 36
FRmte

[o%)
[}

% 7K 2 Water uptake/%
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Hr#22
Jimai 22

Fi42307
Bainong 307

g.6s

N
A&

d.12s e. 15s

i.12s j.15s

B 4 DBD & & FiR& 325t s 2 FF FiEAR A 09 %0h

Fig.4 Effects of DBD low-temperature plasma treatment on contact angle of wheat seeds

x1 000

0. F A2 RALEAL(0 5) b FEAIAO 5)

a. Jimai 22 untreated group(0 s)

%2 000

o, FEE2 K AT 5) £ 22O 5)

e. Jimai 22 untreated group(0 s)

b. Jimai 22 treatment group(9 s)

f. Jimai 22 treatment group(9 s)

c. FIAR30TALLELZH (0 5) d. ﬁmmﬁuﬁéﬂw s)
c. Bainong 307 untreated group(0 s) d. Bainong 307 untreated group(9 s)

g FAR3OTRAELLL0 s) h. FAR30740 A9 s)
¢. Bainong 307 untreated group(0 s) h. Bainong 307 untreated group(9 s)

B 5 DBD % & AR ) A KT &2 H 09 %
Fig.5 Effects of DBD low-temperature plasma treatment on morphological structure of wheat seed coat

2.3 DBD KBFETFHLIEFF
2.3.1 #hEkbekt

HEBERERENLGEATSEWRIL. KiEthes
gV R EER, SEEYFHREE BRI
A ERE av b MZEEAE MR, HAp Rl
VI e G R ARG sl A DR A RE R
YERT, el N Y AEE AL a8,

DBD I 55 25 1 Ab B AT J5 PR/ 2 4 O A
RERMAENERNE 6 Frx, BPAEJE/NERF4H
K KW AR R GR S E (HSE ath) ¥
TS RAEAREN, HAARE IsH A SREEN
WRRR, B ARCERARE S AR E R T 7.1% (5F
F22). 11.4% CHAC307) . 45 RE LI 5 /N E R T
SR R LI T B G A AR R, X W5 DBD
IR S5 S AR A AR 6B VR P AH G 1 B TR O i
FN2S e e & BT P O B 5P b3 90 125 19
Br32 22 FEA R T 4B RIS D RS B ECRAL
ﬁ#&ﬁ%%m,iﬁFﬁﬁan%ﬁ%¢m*m%h

R AL B RE S R E R S (P<0.05), F B
ImDﬁm%%%W&@b%%%%mik%%Lﬂﬁ&
NifEST. 7 BRI, DBD RIREE B TR/ NE Fh 1 F
TREEEE PG ERSE, HRmERE/NE

INEHERIGE IR

i M R AN TR T A BT 22 57
= 54 b 3K Carotenoid =3 M4 % b Chlorophyll b =3 IH4¢ % a Chlorophyll a
_ _ 25
i} 2 oo 2 oo 20
weE TEAN
5 S 5 S
RE A= =
RE8 £505
2 2
ey [aW 0
0 6 9 12 15 0 6 9 12 15
Kb PR [A] Treatment time/s Kb FR [A] Treatment time/s
a. $ 422 b. Fi4k307
a. Jimai 22 b. Bainong307

Ee F-MOaR P ARTREORE BREEER (P<0.05).
Note: Different letters in the same pigment indicate significant difference
(P<0.05).

B 6 DBDRRF & TIRAER 5
EELENEL
Fig.6 Changes of photosynthetic pigments contents in wheat
seedlings before and after DBD low-temperature plasma treatment

2.3.2 HhBEMES. TEME

AT VAR R A AR 2 AR AR B AR OC Il 1) B A
5y, SHREEDEN 2 MRS TS A
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Wheat seed vigor and seedling physiology using dielectric barrier
discharge plasmas

QI Xianke, LI Miao™, LI Caihong, QU Chenling™
(School of Food and Strategic Reserves, Henan University of Technology, Zhengzhou 450001, China)

Abstract: Wheat production cannot fully meet the ever-increasing growth rate of the demand in recent years. It is of great
practical significance to improve the seed quality and crop growth for high wheat yield. Currently, the commonly-used methods
include the seed soaking with chemical reagent, field application of fertilizer and pesticide after seeding, and genetic
improvement of crops. But all of them have some limitations. Therefore, a green and safe physical technology is required to
improve the seed vigor and crop growth in production. Fortunately, dielectric barrier discharge (DBD) low-temperature plasma
has been used to promote the germination and growth of vegetable seeds, particularly in the degradation of mycotoxins in
agricultural products. However, little has been reported on the role in the quality of wheat seeds. This study aims to reveal the
direct effects of low-temperature plasma treatment on the wheat seed vigor and seedling physiology. Jimai 22 and Bainong 307
were treated by DBD low-temperature plasma with argon as gas source. A systematic investigation was made to explore the
effects of different treatment times (0, 6, 9, 12, and 15 s) on seed germination and seedling growth, morphological structure of
seed coat, metabolic physiology and antioxidant activity of seedlings. The results showed that the DBD low-temperature
plasma treatment significantly increased the germination rate of wheat seeds, seedling root length, fresh dry weight and vigor
index. The water absorption rate of wheat seeds increased under all treatment time conditions. The water absorption of wheat
seeds increased by 6.4% (Jimai 22) and 5.9% (Bainong 307), respectively (P<0.05), when the treatment time was 9 s. The
contact angles of wheat seeds decreased gradually with the increase of treatment time, indicating the increasing wettability of
wheat seed. Once treated for 9 s, the structure of seed coat was blurred with the outstanding cracks. There was the increase in
the content of photosynthetic pigments and soluble proteins in the newborn seedlings of wheat seeds after treatment. The total
chlorophyll contents in the seedlings significantly increased by 7.1% (Jimai 22) and 11.4% (Bainong 307) at the treatment time
of 9 s, respectively, while the contents of soluble protein in the seedlings increased the most, when the treatment time was 12 s.
There was the higher antioxidant capacity of the newborn seedlings of wheat seeds after treatment. The contents of
malondialdehyde in the wheat seedlings decreased by 15.6% (Jimai 22) and 18% (Bainong 307), respectively (P<0.05), when
the treatment time was 9 s. Therefore, DBD low-temperature plasma was effectively improved the wheat seed vigor and the
seedling physiological properties. A potential seed enhancement can be achieved in the seed quality and subsequent wheat
growth in crop production.

Keywords: low-temperature plasma; wheat; seed vigor; morphological structure; metabolic physiology; oxidation resistance
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