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The effects of cold plasma treatment on wheat seed germination and seedling growth under copper stress

DENG Min"?, ZHAO Ling’, TENG Ying’", LIU Fang'", XU Yong—feng™’, REN Wen—jie’, MENG Ke™’, MA Wen—ting’

(1.Resource and Environmental Engineering College, Guizhou University, Guiyang 550025, China; 2.Key Laboratory of Soil Environment
and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 3.University of Chinese Acade-
my of Sciences, Beijing 100049, China)

Abstract: Several studies have reported that cold plasma treatment technology can not only enhance the resistance of crop seeds to salinity,
drought, and cold, but can also improve the yield and quality of agricultural products. However, little information has been obtained on in-
creasing the heavy metal resistance of crops germinated from seeds treated with cold plasma technology. To assess the effect of cold plasma
treatment on the heavy metal resistance of seeds germinated, the germination and seedling growth of three varieties of wheat were investigat-
ed at three copper stress levels and four cold plasma power treatments. Seed germination rate, root length, sprout length, and copper concen-
tration in the wheat seedlings were measured, and the germination and vigor indices, absorption coefficient, and transfer factors were calcu-
lated. The results showed that cold plasma treatments did not significantly affect the germination rates and indices under copper stress, but
vigor index was improved markedly. The root length, sprout length, and vigor index increased by 46.2%, 145.4%, and 82.1%, respectively,

under the optimal cold plasma power treatment compared to those with no cold plasma treatments. At low copper concentrations, the amount
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of copper absorbed by the roots and sprouts increased under the cold plasma power treatment. However, at the high copper concentrations,

cold plasma treatments improved the transport capacity of copper from roots to sprouts, which could alleviate the toxic effects of copper

stresses on seed germination and root growth. These results suggest that cold plasma could effectively alleviate the toxic effects of copper on

wheat.

Keywords: cold plasma treatment; copper stress; wheat; germination; growth
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Table 1 The effect of cold plasma treatment on the accumulation of copper in the root and seedling of wheat seeds

mmﬁl A Wk ﬁ%&ﬁé %%&%ﬁ' 'ﬁﬁﬁ%ﬁ '%§%§ﬁ R RAL
Cu concentration/ L. Cu concentration  Cu concentration in Bioconcentration Bioconcentration Transfer
mg-L" Cultivar Power/W in roots/mg-kg’  sproutsimg kg™ factor in roots factor in sprouts  coefficient

10 I 188 0 28.36+5.11b 13.52+1.33a 2.84 1.35 0.48
500 31.55+0.43b 14.61+0.29a 3.16 1.46 0.46

990 59.87+14.53a 13.27+0.24a 5.99 1.33 0.22

THIS 0 39.24+4.40a 21.14+0.19a 3.92 2.11 0.54

500 41.37+0.60a 23.03+0.60a 4.14 2.30 0.56

990 44.98+0.35a 20.62+0.86a 4.50 2.06 0.46

IR 128 0 36.11+0.44b 19.05+0.45b 3.61 1.91 0.53

500 48.28+2.31a 17.01+0.16¢ 4.83 1.70 0.35

990 36.59+0.71b 21.30+0.06a 3.66 2.13 0.58

50 IR 188 0 57.94+1.72b 19.70+0.60b 1.16 0.39 0.34
500 61.50+0.24b 24.89+0.79a 1.23 0.50 0.40

990 83.10+10.35a 26.17+0.39a 1.66 0.52 0.31

TS 0 60.50+3.68¢ 27.86+3.36a 1.21 0.56 0.46

500 73.91+0.18b 31.09+0.64a 1.48 0.62 0.42

990 88.85+2.84a 28.32+0.21a 1.78 0.57 0.32

JpAZ 128 0 62.66+24.83b 21.65+1.31b 1.25 0.43 0.35

250 64.77+0.53b 24.87+1.71a 1.30 0.50 0.38

750 104.62+1.04a 24.95+0.07a 2.09 0.50 0.24

990 66.95+1.89h 23.75+0.53ab 0.33 0.12 0.35

200 JAZ 188 0 359.06+0.68a 99.58+1.45¢ 1.80 0.50 0.27
500 438.08+68.04a 172.06+16.88a 2.19 0.86 0.39

990 395.79+66.16a 134.87+6.11b 1.98 0.67 0.34

TH15 0 434.52+10.03b 84.43+1.88b 2.17 0.42 0.19

500 301.52+4.49¢ 69.11+3.49b 1.51 0.35 0.23

990 810.83+34.08a 261.23+64.00a 4.05 1.31 0.32

I 128 0 307.85+6.64¢ 46.80+5.32bc 1.54 0.23 0.15

250 255.05+2.30d 41.89+2.78¢ 1.28 0.21 0.16

500 581.04+1.20a 111.80+0.93a 291 0.56 0.19

990 305.95+1.93h 52.68+1.15b 1.53 0.26 0.17

TE AN A)/INE FREROR ] — Cu W BEAN [V 45 2 - PR A J R 22 57 1. 3 (P<0.05)

Notes : The different lowercase letters within a Cu treatment mean indicate significant differences among different power of cold plasma (P<0.05).



AR T IRRT AASRIA T AR T % 540 KR 2675

o IEI Ve AR TR A PR — E R R T A
Fe HEER B89 Cu %12 21 v 58 19 BE 7, N THTISUEE T Cu X
AR 0B AR

3 iFig

T Cu AR NV 2 GBI (0 il 3L, A
AR BB BT B R0, R AR R Cu s
FIE 6% A1 T A 00 A PR R ) 5 8, A0 R A ) T T A
P AR R Cu han XA AR KR B A
AR R A E VR B AN B & AR A
053 5455 BRI 1, SR T 00 /N2 08 5 B R R I A
FHP, AR E BT B EE 5, RIS R JE Cu 7
e AT B S B0 N A R S A . iR
FHIE B )R8 S5 B A B ER SRR RE A S 32 55 Cu
AR AR/ N R0 & ZF 56 R 2R3 40 (HAE—
SERREE DR T/NEFFIOTE 13880, ek T /N2 4
B A B AN AR 5% 25 S 52 B A /N AR
T 36 B0 X R Ak B A 5 K38 R 43 501 K 46.2%
145.4% F182.1% (& 4 A& 5) , X 5 %38 19 45 12 11k
P BB & S5 /NG BT R A K 2 R
78, Bl |, v 55 B R A B AT LA R b ok
AP - T8RS T B AR S A I A 3 v
Tl W A FE 58, A= 9 Al R i, 9 J5 1 5 ol
52 RE IR A 7, X AT e R A ST R S
FURA BRI /N T R Cu B M A

& 85 B TR A B b ke S VE AR K Y
FILT 8 A 58 4 T AT , Li S10 A K 53 149 R SR e 05 1 45
FAREIEAT THRR . AT N EE 4 W AL A A v
B FREEPLIL AT T IR R TEAR VR FE Cu
VEFRIS % 5 B T IRE—E FEEE b RO fE R AR L 1 %
Cu By, $ E R 715 71, Cu i] 2 5 B4 i a0 A= #L A=
K i, x4 R e A Kk R T B AE
FHED 76 =W Cu MR, A 25 B8 IR RE RS S i 4l i
Xt Cu BIFEZRE ST  IE— B R IR T Cu X4 AR
R FAE T N T4 AR K

AN ] ) 605 45 B AR BRI 45 1 AT LUE A
IFi] ZIN 22 i o X VA S8 8 - A %) SR B T 37 P A7 7
BES . W R ARLE S5 SLBR B, T ZAR 4
VW R0 22 18 LA S5 S R TK

4 it

(DG Cu M B R38N, ARAEV 55 8 TR AL
IR 3 Bl N2 Ao i A Al i A 3 SR B B

AR, ¥ 25 1 b b B T LAY R A IX b
MfEA

(2) 7% 35 B AL P /NF2 48 Cu R AE TR 1 K
2R AR B AR (ERXAR 1 A R DL Ao
TG THERBOIA — R R

IRV Cu BT, V2 55 B TR RERS (2 E 4y i
XF Cu YW, S e M1~ B3 1 5 g R BE Cu JBb I I, 7%
S5 T URAE BRAETE — B FEIE E 3R 4 AR AR AR Y Cu

B B WS AE T, R Cu XA TR TR R FE AR
ML HE B AR
S B30k :

(1] E20, R w0, i A6, 35 B 2 d e D X R L e R A 38
KBS Br2EH AR 5 T AL, 2014, 14(15) : 105-113.
WANG Xue—feng, SU Xiao—yu, SHANG Fei, et al. Ecological risk as-
sessment of heavy metal element in soil around Mengzhuang industrial
zone of Xinxiang City[J]. Science Technology and Engineering, 2014, 14
(15):105-113.

[2] e A RALFIE A2 S R B, GB 15618—2018 4 F it - 4 PR 5% It
HEARUE AT )[S]. JUTT P bR A
Ministry of Ecology and Environmental of the People’ s Republic of
China. GB 15618—2018 Soil environmental quality risk control stan-
dard contamination of agricultural land[S]. Beijing: Chinese Standards
Press.

[3] 5 B R0 SRR TE B RN = P s B8 R SRR DFFE (D). PE 22
KR, 2013.
WU Shu—feng. Studies on the transport and enrichment of copper and
cadmium in loess and wheat[D]. Xi’an:Chang’an University, 2013.

[4] Cao Z H, Hu Z Y. Copper contamination in paddy soils irrigated with
wastewater|]]. Chemosphere, 2000, 41:3-6.

[S1RRNTAH, X TE, X B . 0 X 7 e F) 5 1 R A 8% R SR AL F B 50
U1 T ARBMAERICRFE, 1999, 6:43-44.
KANG Li=juan, ZHAO Ming—xian, ZHAO Cheng-ai. Study on effect of
Cu on rice and its migration accumulation bebaviour[J]. Guangdong
Trace Elements Science, 1999, 6:43-44.

[6] FREEARYES, - BEURAS . 4 3y YA A A R[], o E PR
Ak, 2014(5) :10-11.
Ministry of Environmental Protection of the People’s Republic of Chi-
na, Ministry of Land and Resources of the People’s Republic of China.
National soil pollution survey bulletin[]J]. China Environmental Protec-
tion Industry, 2014(5) :10-11.

[7) R . S5 G L SRR RG-S P 2 (D). 5 7 dE A,
2014.
TANG Wei. Effects of cooper pollution on soil respiration and enzyme
activities[D]. Wuhan : Hubei University, 2014.

[8] 7" 2 . X AN [ 2K it o o 9 25 A= A 5 ) B HEAE AR o
BURI2E 5 (D], B - HHTIREE, 2006.
YAN Yu-ping. Effects of cooper on rice germination and growth and

accumulation of cooper in brown rice in different rice cultivars[D].



2676

VRIEIN ity F3755 12

Hangzhou : Zhejiang University, 2006.
[9] Clijsters H, Van A F. Inhibition of photosynthesis by heavy metals[]].
Photosynthesis Research, 1985, 7(1) :31-40.

[10] Reboredo F, Henriques F. Some observations on the leaf ultrastruc-
ture of Halimione Portulacoides (1.) aellen grown in a medium con-
taining copper[]]. Journal of Plant Physiology, 1991, 137(6) : 717—
722.

(1] Ehae iy, PR, 95— 25, 55 L5 B R AN IR AR ity ol 7 1 &
WML, VLI A RLE, 2015, 43(4) : 79-81.

MA Meng-li, LU Bing—yue, SU Yi-lan, et al. Effects of copper, lead
and cadmium on seed germination of different rice varieties[J]. Jiang-
su Agricultural Sciences, 2015, 43(4) : 79-81.

[12] &30, A 2. E4JE Cu Fl Zn X /N2 Rl & FIAE ) L 1452
W], LR, 2008, 36(35) :15346-15348.

LU Xian-wen, HE Jun. Effects of heavy metals Cu and Zn on seed
germination and biomass of wheat[]J]. Anhui Agricultural Sciences,
2008, 36(35) :15346-15348.

(13148 W&, 1 M. CuXd/NEFD T8 & K i AR K 52 ma (1. 40
DR A= 4l AR, 2003, 21(3) :64-67.

ZHENG Xi, XIAO Wei. Effects of Cu on seed germination and seed-
ling growth of wheat[J]. Journal of Xuzhou Normal University ( Natural
Science Edition ), 2003, 21(3) :64-67.

[14] BERE, CF L B 575 Qo /N R 7l R R4 R K
R[], FF-, 2012, 31(9) : 108-111.

LU Du-kang, BA Yin—shan, ZHAO Yu. Effects of copper and cadmi-
um on wheat seed germination and seedling growth[J]. Seed, 2012, 31
(9):108-111.

[15] EHF}. “Co—y SR H T AT IEIE]. Molk 5 EREEFEE, 2016,
32(2):107-111.

HUANG Gui-dan. Research progress for “Co—+y ray radiation breed-
ing[J]. Forestry and Environmental Science, 2016, 32(2) : 107-111.
[16] AR5 . WOCH A AL A b iy 07T B FC e 1)) A MLAL BT

2009, 31(4):222-225.

ZHU Jia-jian. The prospect and application of laser technology in ag-
riculture[J]. Journal of Agricultural Mechanization Research, 2009, 31
(4):222-225.

[17] ERAR, ska R, £ %2 OGRS 5 B 35 7528 B R i —i8

I g s X 5 L 37 i S X K R A R 2E S s 0. 1 RO,
2006, 26(3) : 198-200.
WANG Kun-lin, ZHANG Jin-liang, WANG Ying. Research on muta-
tion breeding of laser and the high voltage evenelectric field: The la-
ser and high voltage even electric field radiation the paddy seed influ-
ence of the germination percentage[]]. Applied Laser, 2006, 26 (3) :
198-200.

(18] faf v 1%, BLAcHf, BRI, &5 . iR/ NE BRI e 5 S 0. Ve
1, 2011, 37(2) : 202-215.

HE Zhong=hu, XIA Xian—chun, CHEN Xin-min, et al. Progress of
wheat breeding in China and the future perspective[J]. Acta Agronomi-
ca Sinica, 2011, 37(2) :202-215.

[19] Wang Y, Xue Y, Li J. Towards molecular breeding and improvement

of rice in China[J]. Trends Plant Sci, 2005, 10(12) :610-614.

[20] Gupta P K, Langridge P, Mir R R. Marker—assisted wheat breeding:
Present status and future possibilities[J]. Mol Breed, 2010, 26 (2) :
145-161.

20 & 3k, sk SC8e, BT (R A Oy i ke T BA ). B
iz, 2011,27(1):61-65.

CHEN Huan, ZHANG Wen-ying, FAN Long—jiang. Methodology of
crop breeding: Progress and prospect[J]. Bulletin of Science and Tech-
nology, 2011,27(1) :61-65.

[22] 5 4x s, FAEAL, B 5 . RIS 59 7 PR AL BT 2% 55 I TRT X0 R K

ZERFPERIZIAT]. A0l TR, 2017, 7(5) 1 134-139.
FENG Jin—kui, WANG De-cheng, SHAO Chang-yong. Effect of dif-
ferent power and time of low—temperature helium plasma on germina-
tion characteristics of maize (Zea mays L.)[J]. Agricultural Engineer-
ing, 2017, 7(5) :134-139.

[23] Dhayal M, Lee S'Y, Park S U. Using low—pressure plasma for Cartha-
mus tinctorium L. seed surface modification[J]. Vacuum, 2006, 80(5):
499-506.

[24] X237 . AR IS5 1 T PR BRI E(D). 1 a0 B st & LR K
%, 2013.

ZHAO Hui-chao, Research on application of low temperature plasma
technology[D]. Nanjing: Nanjing University of Aeronautics and Astro-
nautics, 2013.

[25] Sadhu S, Thirumdas R, Deshmukh R R, et al. Influence of cold plas-
ma on the enzymatic activity in germinating mung beans (Vigna radi-
ate)[J]. LWT = Food Science and Technology, 2017, 78:97-104.

[26] FF 5, ST 5, IR T, 5 REAL S IR R R TR AE Y
SRV AR AR 2010, 24(3) :470-475.

YIN Mei-qiang, GUO Ping—yi, WEN Yin—yuan, et al. Biological ef-
fects of magnetized plasma on soybean seeds[J]. Chinese Journal of
Nuclear Agricultural Sciences, 2010, 24(3):470-475.

718 B A N, 55 SR UORRE R Ak B )
AT AR PLEAR, 2013, 34(6) : 81-83, 94.

HUANG Huang, YE Chun, YANG Min-li, et al. Field trials effective-
ness analysis of rice plasma seed treatment technology[J]. Journal of
Chinese Agricultural Mechanization, 2013, 34(6) :81-83, 94.

[28] IR TN . 55 B TV Tl 7 A W23 300 BB E D). KA - 75 Ak
Al R, 2004,

CHI Li-hua. Sutdy of biological effect of plasma to crop’s seeds[D].
Changchun: Jilin Agricultural University, 2004.

[29] 5K . HPDUR . Vo5 B T MRHOAR S AR A AR T R b A
WEFEI]. AHULBITE, 2014(7) :211-215.

ZHANG Bo, SHAO Han-liang. Application research on improvement
of crop seeds by cold plasma technical equipment[J]. Journal of Agri-
cultural Mechanization Research, 2014(7) :211-215.

[30] 95 363, AT 4, K A, &5 0 RS IR S B U0 FOKRFh T e Ak
By BEE M. 5 FHEYI R, 2016, 14(5) :1262-1267.

LUO Mei-jie, ZHAO Yan—xin, SONG Wei, et al. Effects on maize
seed and pollen germination by atmospheric and room temperature
plasma[J]. Molecular Plant Breeding, 2016, 14(5) : 1262-1267.

[31] A= AR AP R THR AL AR Z 525 . GBIT3543. 4—1995 K AEY)

Fh -y e AR : & 2R S ). JLat o EARE ) Rk, 1995.



AR T IRRT AASRIA T AR T % 540 KR 2677

Crop seeds Standardization Technical Committees of P. R. China. GB/
T3543.4—1995 Rules for agricultural seed testing: Germination test
[S]. Beijing: Chinese Standards Press, 1995.

[32] /N . 56 (A T 3 X o SR W o A R 36 R S 44
A KBIRZMAD]. TN TN R R 2R A, 2017
TANG Xiao—ting. Effects of plasma pretreatment on gene expression
in Andrographis paniculata seed germination stage and on its late
growth[D]. Beijing: Guangzhou University of Chinese Medicine, 2017.

B3| k=, i I, REE, F . EERI R LN SR NE -
BT RGPS K1, 4245272408, 2015, 34(8) :2181-2186.
JU Shu-yun, WANG Jie, MI Yan-yan, et al. Phytoremediation of
heavy metal contaminated soils by intercropping with Sedum plumbiz-
incicola and Triticum aestivum and rotation with Solanum melongena
[J]. Chinese Journal of Ecology, 2015, 34(8) :2181-2186.

[34] Axil 22, MU HE, H/NE, % T AR ZEX Cu BARZL MBI B
BERHE, 2014, 27(6) : 1-4.
YU Pao-lan, LAI Fa-ying, XIAO Xiao—jun, et al. Research on the
copper enrichment effect of Ludwigia Prostrata Roxb[]]. Environmen-
tal Science and Technology, 2014, 27(6) : 1-4.

[35] Bk ] o A 30 06T 2% /NS A AR T 77 Sk P55 ) K G % b4 G 14
BEFED]. KBH - I B Al IR, 2006.
XIA Lai—kun. Effects of cooper and cadmium stress on growth and
grain yield of winter wheat and its alleviating measures[D]. Zheng-
zhou: Henan Agriculture University, 2006.

[36] AL SC, TR BT, 45 S0 0 /A 5 Bk L A AR
AL FEIRLI]. TLTE A R0, 2016, 38(1) £ 54-59.

XUE Ying-wen, WANG Yu—feng, ZHAO Chang—jiang, et al. Effects
of copper stress on germination and antioxidant system in wheat seed-
ings|J]. Acta Agriculturae Universitatis Jiangxiensis, 2016, 38(1) : 54—
59.

[37] Guo Q, Wang Y, Zhang H R, et al. Alleviation of adverse effects of
drought stress on wheat seed germination using atmospheric dielectric
barrier discharge plasma treatment|J]. Scientific Reports, 2017, 7:
16680.

[38] Dobrin D, Magureanu M, Mandache N B, et al. The effect of non—ther-
mal plasma treatment on wheat germination and early growth[J]. Inno-
vative Food Science & Emerging Technologies, 2015, 29(4) : 255-260.

[39] ZeAntg, B 22, 5K B, 55 ARTP A9 5 FhpoR 5 38 A B K

F A TR AR AR, 2017, 1:37-45.
WU Yi-nan, XING Xin—hui, ZHANG Chong, et al. Recent progress
on atmospheric and room temperature plasma (ARTP) biobreeding
technology, instrumentation and its industrialization[]J]. Biotechnology
& Business, 2017, 1:37-45.

[40] Li L, Jiang J F, Li J G, et al. Effects of cold plasma treatment on seed
germination and seedling growth of soybean[]J]. Scientific Reports,
2014, 4:5859.

[41] 47055 . S8 T /N Syl A AR B AR R Il 1) s 2 %
WEFED]. 7 & - W TR, 2014,

YANG Shu-fang. Research growth, physiological and ultrastructure
transcriptome sequenced of wheat ( Triticum aestivum L1.) seedling un-

der cooper stress[D]. Xinxiang: Henan Normal University, 2014.



