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Abstract

Aims The objective was to investigate exogenous glutathione (GSH) mitigation effects of Cadmium (Cd) toxic-
ity on ground cover plants.

Methods A greenhouse pot experiment was conducted to explore the effects of spraying different concentrations
(0, 20, 40, 60, 80 and 100 mg-L™) exogenous GSH on Dianthus chinensis seedlings exposed to 50 mg-kg™ Cd in
the soil.

Important findings 50 mg-kg™ Cd significantly inhibited the growth of D. chinensis seedlings; however, a range
of concentrations of sprayed exogenous GSH significantly relieved Cd stress on D. chinensis seedlings. Sprayed
D. chinensis seedlings had increased activities of the catalase (CAT), peroxidase (POD), ascorbate peroxidase
(APX), monodehydroascorbate reductase (MDAR), dehydroascorbate reductase (DHAR) and glutathione reduc-
tase (GR), as well as increased ascorbic acid (AsA) and GSH contents, biomass, plant height and number of till-
ers. There were decreases in malondialdehyde (MDA), cell membrane permeability, Cd contents, O, production
rates and accumulated amount of H,O,. However, with increased exogenous GSH concentration, there was a
downward trend in mitigation effects. Considering all factors, the mitigation effects were maximized by spraying
55-65 mg-L ™" exogenous GSH.

Key words AsA-GSH cycle, Cd stress, Dianthus chinensis seedling, exogenous GSH, mitigation effect
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Table 1 Design of this experiment

AbH Treatment CK | 1 11 v \Y Vi
¥ Cd (mg-kg™) 0 50 50 50 50 50 50
AWt Ik Glutathione (mg-L™) 0 0 20 40 60 80 100

22 CAatt ™ ANEAR DEH RO A7 77 40 v A A PR S (1 S5 (B £ AR v O 22)

Table 2  Effects of the exogenous glutathione on the growth of Dianthus chinensis seedlings under Cd stress (mean + SD)

by 4:¥y 8 Biomass (g DW-pot™) e Iy B EARUES
Treatment - - Plant height (cm) Tiller number Coefficient
R Root Hi B Shoot 4k Whole plant

CK 1.89 £ 0.11° 13.66 = 0.30° 15.56 + 0.37° 27.50 +2.38° 11.8 £ 2.08° -

I 1.44 +0.05 10.59 +0.26° 12.02 +0.21° 17.37 £ 1.62° 53+1.53 0.77

I 1.44 £0.08" 10.75 + 0.38° 12.18 +0.32° 18.93 + 0.26“ 53+252 0.78

1 1.59 £ 0.06" 11.30 £ 0.29" 12.90 £ 0.31° 20.16 +2.15° 7.7+£154 0.83

v 1.53£0.21° 13.21£0.14° 14.73+£0.14° 23.36 +£0.42° 8.3+0.58" 0.95

\Y; 1.59 £ 0.08" 1134+ 0.19° 12.93 £ 0.26° 19.31 £ 0.06% 6.7+153" 0.83

Vi 1.49 £0.03° 11.66 £ 0.27° 13.15 £ 0.28° 20.22 +£0.20° 7.3+153° 0.85

IEFLA L. WAIRRNG F BF 5 257 i %(p < 0.05).

Treatment see Fig. 1. Different small letters within the same column indicate significant difference (p < 0.05).

2 ERMS

21 GSHMAMHwHEKEIN

g 2n A, PGS AR B
Y BEA AR TCK, AT HU N &5y Mo 1384y
R A ) 5 B CK Ay il 1 B T 23.81%, 22.47%
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TR AT &) i A R T 5 R AR AE N R
AL
22 MNEGSHM AMHEZEHHPCIREN I
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6.35ff(p < 0.05), WijtisMHGSH G, AbFRIN-VIHR
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14.786, R* = 0.701) >5(y== -0.083x + 15.510, R
= 0.808) >#{ (yr= —0.209x + 54.481, R? = 0.701) (p
<0.01).
2.3 SMEGSHX A4 E A MDAE = f48 X
HES RN

WE 205, AT HiAE 5450 mg-kg™ CdF
T3 A K15, 30, 45K )5, ot r MDA 43
B CKI4 I T 23.08%, 23.13%F126.46%, FLi: 4
Xf B 2 % JECKI#2.15, 1.85511.874%(p < 0.05). [
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Table 3 Correlation and linear regression analysis between each index of Dianthus chinensis seedlings and exogenous glu-
tathione concentration under Cd stress

iR PB PH NT Cdroot Cdstem Cdcar Con MDA/E.\% 02_F$@$
Index MDA content o~ production rate
r 0.523 0.446 0.417 -0.837 -0.899 -0.888 0.619 0.804 0.875
b 0.138* 0.027 0.021 -0.209™  -0.083" -0.081" -0.075™ -0.009" -0.027"
a 12.293 18.562 5.730 54.481 15.510 14.786 31.240 5.486 5.477
febr  H,O.%f PODWYE  SODIEME  CATHEME  APXIGEYE MDARIGYE DHARIETE GRIGME  AsA%&®  GSHE &
Index H,0, POD SOD CAT APX MDAR DHAR GR AsA GSH
content activity activity activity activity activity activity activity content content
r 0.840 0.417 0.122 0.721 0.204 0.672 0.462 0.637 0.565 0.757
b -0.025™ 0.187 0.049 0.101™ 0.001 0.003™ 0.001 0.001™ 0.002" 0.002"™
a 4.338 220.339 130.075 29.968 1.477 1.270 0.483 0.347 0.643 0.311

APX, PUSA MR L AL INE; AsA, HUAILER; CAT, W HEACENE,; Cdiesr, TALBTR M NCAE R, Cdroot, HALFTRAMRMCE & Cdstem,
PRI B ZE I CA i Con, AT HL S %, DHAR, BEELHUIR MR IE R ; GR, & Bt H MICJEEE; GSH, &M ik; H.0, WA LA
MDA, 1 —J#; MDAR, i A HUR MR [N, NT, 20884 Oy, BEPIE 17, PB, /LY PH, ki, POD, T 4L #; SOD,
AL AL EE . vy bAlag) Bl K sPearsont 55 R K. 1] U £ A A 0[] ) 2k AR

APX, ascorbate peroxidase; AsA, ascorbic acid; CAT, catalase; Cdier, Cd content per unit mass of leaf; Cdreo, Cd content per unit mass of
root; Cdseem, Cd content per unit mass of stem; Con, relative conductivity; DHAR, dehydroascorbate reductase; GR, glutathione reductase;
GSH, glutathione; H,0,, hydrogen peroxide; MDA, malondialdehyde; MDAR, dehydroascorbate reductase; NT, number of tillers; O,-,
superoxide anion; PB, whole plant biomass; PH, plant height; POD, peroxidase; SOD, superoxide dismutase. r, b and a represent the Pearson
correlation coefficient, regression line slope and the regression line intercept, respectively. *, p < 0.05; **, p < 0.001.
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Fig. 1 Effects of exogenous glutathione on the Cd content of different parts of Dianthus chinensis seedlings under Cd stress
(mean = SD). Treatment see Table 1. Different small letters indicate significant difference in the same location with different
exogenous glutathione treatments (p < 0.05).
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K RH B A-0619 (y = -0.075x + 31.24) Al MG N B2 T a3, AFIVIE R K, 3
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W37, 50 mg-kg ™ CAff B3 AE KA IR B AT AT 4T HL0o B AN U GSHIK
el e85 7715 30, 45K, Hnk B o7 JhEif FEE AR, A VILE3IA B[] A
MRS A CKIN3.74, 3.98H14.391%, HO 5 &> A ALEEI34.98%. 41.40%4138.43% (p < 0.05),
WECKIK3.03. 2.76F13.054%(p < 0.05). [ 4717 WEV. VIRICKZ MR AR . 5o, hE4
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Fig. 2 Effects of exogenous glutathione on malondialdehyde (MDA) content and the relative conductivity of Dianthus
chinensis seedling leaves under Cd stress (mean + SD). Treatment see Table 1. Different small letters indicate significant

difference between exogenous glutathione treatments of same treatment duration (p < 0.05).
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Table 4 Correlation coefficients between various indicators of Dianthus chinensis seedlings

FR4% Index  Cdroor Con o H,0, POD SOD CAT APX MDAR DHAR GR  AsA GSH
Cdront 1

Con 0.70™ 1

Oy 091" 072" 1

H,0, 0.72”  0.52° 072" 1

POD -0.52" -0.74" -0.56" -0.33 1

SOD 0.66™  0.66™  0.49" 0.42 -0.50"

CAT -0.37 -0.10 -0.6"  -0.42 0.14 0.27 1

APX -011  -0.19 -0.35 0.08 0.39 003 047" 1

MDAR -0.85" -0.73" -0.84" -0.62" 0577 -0.40 0.48" 0.19 1

DHAR -0.71"  -0.70" -0.76" -0.49° 046" -0.33 0.45" 029 078" 1

GR -0.78" -056" -0.84" -0.61" 045" -0.28 0597 024 072" 083" 1

AsA -0.74™ -0.66" -0.83" -0.48" 055" -0.25 0.52" 0.47"° 0.81™ 087" 084" 1

GSH -0.49" -039  -0.65" -0.59" 052 006 073" 028 058" 054" 068" 065" 1
EEEANGE XN

Index see Table 3. *, p < 0.05; **, p < 0.01.

25 SMNEGSHX A4 E M FPOD, SOD, CAT
TE MRS

wEAfT RN, Bi9815. 30, 45K Ji5, AEFEIPOD
FICAT %3 5 L 45 CK1189.06% . 88.26%. 70.13%
F1108%-. 79.09%. 75.08%, 1fij SODYE 34 [H] A
I 43531 /£ CK#71.08, 1.65H11.391%(p < 0.05). [1]
A1 AT By v TS AN [R) 9 BE [ AN JE GSH G, Ab 3
15K, AEFEN-VIA YTy PODYE M5 AL 3G
W3 22 5 A5 KN, PODYE 4 Bifi 4MJF GSH B 11 44
NG NIRRTy N G | By NS )
CKE R %R . 87815, 30KE, AFU-VIAIT
It J SODYE 1 5 AL BRI TE 1235 72 57 . 30K I, AbFE
H=V1A7 77 40 1 I CAT i 7 Bl A1 9 GSHK J 1)
RS H8 K J5 o s B AR A AN B i, 15, 45K I Ak 3
N-VUAT4 i CATIE P 5 A BRI B3 22 57 o
H1 22 3 W] ANCAT G 1 5 M I GSHMK 2 (1) A o8 & 4K
1£%0.721 (y = 0.101x + 29.968) (p < 0.01).
26 SMEGSHX A4 &M FAPX. MDAR,
DHARFIGRIE 4RI %2 M

WS HT 7R, 783N I [R) 04 #0477 40w
HAPX. MDAR. DHARFIGRiE M 7 ¥ {H % CK
533 N BE 7 8.50%- 26.01%. 34.72%7143.40% (p <
0.05). [n) A1 47 %)) i Wi 161y M5 it A [] 9k B 11 48 GSH
Joi, ARFEN-V A AT F APXGE P b P15 15 I
BAEPRUG B E ARA, fEH30. 45 RIS % BT F

¢ N B, AbERINPEE IS B s, B A TR
(p < 0.05), 5CKESFALEE,; ABN-VIL 1T
7 MDARGE 11 7 34 ] 1] 5 24 Bl A0 Y GSH 2 1)
B g LT RO 98 R R, AAIVIYIA B KA,
A3 e AL BRI 1,15 1.32F11.28£% (p < 0.05); Ab#
=V 1A 77 DHAR S PE7E 55 15 K I T 2 3% 7%
5, 30, 45K I B A5 GSHI BE /39 Inifn 461 T e
PR, ANIRIVIIR B KAE, o AL B
BT 14.89%. 65.12%7#1153.66% (p < 0.05), Ab¥{|
AL VAIVILE3AS I 0] 5 22 e AN 2 3 Ab B
H=V LA T 7 GRS 1 b B A1 I8 GSH K B 1) 14 Jin
([ oA = o N - S [ | O PR S NEa =
Iy PR ALERI11.19. 1.40F11.144% (p < 0.05).

JAh, th#4n] 51, MDAR5 DHARFIGRI) A
JE R B W h0.78F10.72, GREDHARIIHH X £
#40.83, 13041, MDARFIGR 5 4N GSHIK
B B AH O¢ & 4y I8 2] T 0.672 (y = 0.003x +
1.270)#10.637 (y = 0.001x + 0.347) (p < 0.01).
27 SMEGSHM AL EM FASATIGSHE £
=REA

W6 <, £ 445450 mg-kg™ Cd
b A K15, 300 45K )5, i ASAS E
HAH CK58.04%. 56.86%#1130%, GSH& & th %
JCKI(166.67%. 68.29%#1160.00% (p < 0.05). [
ATVT &)y 1 T it AN [R) VR BE (R GSHS , 34N I ) A
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Fig. 4 Effects of exogenous glutathione on peroxidase (POD), superoxide dismutase (SOD) and catalase (CAT) activities of
Dianthus chinensis seedling leaves under Cd stress (mean + SD). Treatment see Table 1. Different small letters indicate sig-
nificant difference between exogenous glutathione treatments of same treatment duration (p < 0.05).
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Fig. 5 Effects of exogenous glutathione on ascorbate peroxidase (APX), monodehydroascorbate reductase (MDAR), dehy-
droascorbate reductase (DHAR) and glutathione reductase (GR) activities of Dianthus chinensis seedling leaves under Cd
stress (mean = SD). Treatment see Table 1. Different small letters indicate significant difference between exogenous glu-

tathione treatments of same treatment duration (p < 0.05).
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Fig. 6 Effects of exogenous glutathione on ascorbic acid (AsA) and glutathione (GSH) content of Dianthus chinensis seed-
ling leaves under Cd stress (mean + SD). Treatment see Table 1. Different small letters indicate significant difference between
exogenous glutathione treatments of same treatment duration (p < 0.05).
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