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Effects of exogenous AsA and GSH on the growth of Dianthus chinensis seedlings exposed to
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Abstract: A pot experiment was carried out under greenhouse condition to investigate the effects of
different concentrations (0, 20, 40, 60, 80 and 100 mg + L™") of exogenous AsA, GSH on Dian-
thus chinensis seedlings which were stressed by 50 mg + kg™ Cd in the soil. The results indicated
that 50 mg + kg™ of Cd significantly inhibited the growth of D. chinensis seedlings. An appropriate
concentration of exogenous AsA significantly improved the biomass, plant height, tiller number,
GAT and APX activities, and AsA and GSH contents. However, with the increase of exogenous
AsA concentration, the ameliorating effect decreased and prooxidant effect occurred. Exogenous
GSH could replenish the non-enzymatic antioxidants of D. chinensis seedlings, but the changes of
antioxidant enzyme activities were relatively slight. The main mechanisms of GSH to alleviate Cd
toxicity might be promoting root PCs synthesis, thereby reducing the Cd concentration in the seed-
lings. Both 35-45 mg + L' exogenous AsA and 55-65 mg - L™ exogenous GSH could alleviate the

Cd toxicity on D. chinensis seedlings, and the former was superior to the latter.
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Table 1 Factors and levels of the experiment ( Cd:
mg - kg™'; AsA, GSH: mg - L™")

b3 CK I I i v v VI
Treatment

AsA+Cd - 0+50  20+50 40450 60+50 80+50 100+50

GSH+Cd - 0+50  20+50 40+50 60+50 80+50 100+50
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IR A AL ( APX) RIS B H BKIE A (GR) 1%
P 5 2 B8 Nakano il Kozi' ™ B, BEPTIA L
FRiA I i ( DHAR ) 15 &0 bt 3R 1l R iF 5 fily
( MDAR) 3GV A9 %€ 2 B8 Stasolla F1 Yeungm] 5
B BISOR RS RRATE P A koK e, T ZE 1K o
VE2 ~3 i, NS T EAERE S ZE AR ST
7E 105 CHEAE AT 30 min, 38 A4 R A5 S, F7E
70 ~80 C LT ZH & Fra , T PUE R AL
YR/ R IR A ) . AT R AR A R AL R
PR JA , SR VR T v T A AL R i, SRRl
IEEET(AA320N B IIE Cd &
1.4 LB

SR PR 52 v 1 SR D R AR, s A5 A R B 1
Febm S s I S, SR 38, LMo, B
AR

WERAR bR HHUIE Z RIAEAE IE ARG, W% X1t

P, (.
USR AR AR S POk Z A TR O 3% T 50
N
U. =1 - Xijk _X/cmin
" Xk max Xk min
S U, W NSRS A B FE A
TR AR 0 S R BUAH s X, B @ AR B j A
Al PR EXF 2R e TR R A I E (6L X, 4 BT AT AL B



2 3 T YRS AR AsA (GSH XF Cd MG F 4347 40 A K A 2R 421

55k TR AR BRORAE ; X, N A AL BRER | TS Ay
(4 35/ IMHA ; Uy, 8RR BT Mg
1.5 HdEab

FIH Excel 2003 XHAIEE AT 01250 HA- 2R
SPSS 17. 0 JRAAHEA T3 207 25430 HT, Duncan 547
ZHE I (0=0.05) ,KH] Origin 8.6 FAFAEA.
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22.5% F122.7% , k=5 Ao BEX 40 3] R & 36. 8%
54.7%.

W5 it AS [ v MR AsA J5  BE SN AsA Hk i
PG, AT 400 1 45 38 43 A ) et S 18 KR 870N, 40
mg - kg ' AsA AbER(ALFEID ) A4 A7 M R 30 A
kAW B Cd B ia AbBE (LB EE T ) B4
13.9% .21. 6% F1 26. 0% , K &5 Fl 4 BE % 3
30. 7% F183.0% ,fHAI/NT CK;60 mg - kg™ AsA 4b
FHACEE V) A A7 o - 3B FN LR AR P A Cd i
REFE (AL BR T ) 1) 94. 6% F1195. 4% , My F ¥ A= 4 &
SAbEE T 25 5 A8 W3 PR A BEAUEL Cd B Ak
PRCAREE T ) NI 11.9% F118.9%.

% it AS ) € 8 0 A8 IR GSH e, Hh 0 &R K]
I Bl SR GSH W BE (W38 K, A P 4l il 453 o AR
Y Ae s RE P MR LB T ~ VAT T

*R2 SME AsA GSH 3t Cd BB TE M4 E £ K220

WA YRR B L RN 2 AR PRIV A H
SRR i FVRR g #0058 B d KA, e B A EE T 1
1.3.1.2 1 1.3 £% {H45 Lt CK K, ZbFEV Fn VLA AT
AR TR AR E TARE T .

2.2 HMNE AsA (GSH X} Cd JBipiti A 714l i 45384
LT RS Cd BRI

P 1 R, Cd B8 (R PR A1 7T 40 25y
BN TR Cd A2 CK f919.1.5.3 Fil6. 4 £

] 7 P 0 P T P it S ) R 3 R AN AsA
PR T ~ VIR A B it & Cd i Je 3 s v b
A Ab T 2 S 2 AL I Gk BB KM, A3 T A
1.5 4% A BEVION A AL T /9 93. 1% ;i AT 4l
LI B B0 RS Cd SR I T B #, kb B VI
Iy WAL T 4 82.7% F196.3% .

] 3 77 4y P O Tt S ) VR JEE 9 AR GSHL )
AP ~ VIARFR A BT 7% Cd ERFE PR EEA
AT ARV |V RIVIA T4 T R AR LAy o
FCd BEFAEE ALB T | I 2535 24
& Cd mEFARE VA PTARER ZEH A R
BN TR Cd AL E T ~ VI B eI, 2
HAE LI T 1Y 60.8% (43.0% 1 36.9% , (AL
CK HHRFRA A Tt 7% Cd .

TN HME AsA PR EE 5 AT AR ZE
MR TR Cd B AR OC R A5 0.92 (P<
0.05) .0.81 (P<0.05)#10.31 (P>0.05); #MJ§
GSH MWK FEE 5 = F W AHC R 538 0. 89 (P<
0.05) .0.90 (P<0.05)%10.90(P<0.05).

Table 2 Effects of exogenous AsA and GSH on growth of Dianthus chinensis seedlings under Cd stress ( mean+SE)

b3 MWk Biomass (g - pot™') Bk JrBERL R EES
Treat- Hi R B Hb |3 AR Plant height Tiller number Resistance
ment Root Shoot Whole plant (em) coefficient
AsA CK 1.89+0.11a 13.66+0.30a 15.56+0.37a 27.50+2.38a 11.7+2. 1a -
I 1.44+0.05d 10.59+0.26¢ 12.02+0.21¢ 17.37+1.62cd 5.3%1.5¢cd 0.77
I} 1.75+0.03b 13.43+0.45a 15.18+0.42a 23.17+1.20b 7.0+£1.0bed 0.98
I 1.64+0. 12bc 13.51+0.40a 15.15+0.50a 22.71+0.64b 9.7+2.1ab 0.97
v 1.58+0.06cd 11.23+0.10b 12.81+0.07b 18.33+0.58¢ 7.7£1.2bc 0.82
A% 1.48+0.04d 10.33+0.20cd 11.81+0.23¢ 17.48+1.96¢d 6.3x1.5cd 0.76
A\l 1.45+0.10d 10.02+0.20d 11.47+0.19¢ 15.25+0.72d 4.3x1.5d 0.74
GSH CK 1.89+0.11a 13.66+0.30a 15.56+0.37a 27.50+2.38a 11.7+2. 1a -
I 1.44+0.05b 10.59+0.26¢ 12.02+0.21d 17.37+1.62cd 5.3+1.5b 0.77
I 1.44+0.08b 10.75+0.38¢ 12.18+0.32d 18.93+0.26¢d 5.3+2.5b 0.78
I 1.59+0.06b 11.30+0.29b 12.90+0.31¢ 20.16+2.15¢ 7.7£1.2b 0.83
v 1.53+0.21b 13.21+0. 14a 14.73+0. 14b 23.36+0.42b 8.3+0.6b 0.95
\ 1.59+0.08b 11.34+0. 19b 12.93+0.26¢ 19.31+0.06cd 6.7+1.5b 0.83
Vi 1.49+0.35b 11.66+0.27b 13.15+0.28¢ 20.22+0.20¢ 7.3+1.5b 0.85

[a] 51 A ) bl e 7n 22 57 4 2 ( P<0. 05) Different letters indicated significant difference at 0.05 level.
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Fig.2 Effects of exogenous AsA, GSH on MDA content and
relative conductivity of Dianthus chinensis seedlings under Cd
stress.
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Fig.6 Effects of exogenous AsA, GSH on AsA and GSH con-

tents of Dianthus chinensis seedlings under Cd stress.
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Table 3 Membership function value in different treatments

AbE CK I I Il I\ A IRy
Treatment Mean
AsA 0.815 0.132 0.597 0.858 0.514 0.333 0.122 0.482
GSH 0.815 0.132 0.377 0.478 0.739 0.648 0.582 0.539

AsA (GSH &3l LA CK 1 56. 9% F168.3% .

] A7 P 0 I T P it S [ R 32 R AR AsA
Ht R AsA Fl GSH B & ¥ 2 IR AMR AsA ¥R E
T SerG s W N R, Fod Ab PRI AsA 5
LRI T BT 79. 3% ,RbFRVI 503 T 25 R
N AVTHIE A GSH F1 AsA 2 it B3 E A
XK MR EERE] 0. 76.

] 3 7 4y P W Tt S R VR 32 9 AR GSHL )
H: AsA Fil GSH & & ABBESNE GSH Yk B3 K e b
FHIE 2% T %, AsA 7E AL HL IV 15 81 f¢ K {H, GSH 7E
AEPRV SRS e AR, P BIAEAL R VI T B 2 fe/MA,
A AR T .

2.8 ZRBIEE

H1 3 A, Cd BE R (A0BE 1) A P4 e
PEEL CK ORI N B, n] 4247 &y v Pt T8 s it A (] ok
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H>CK, AbFE VIPTPE (L <Ab B T, 158 B3 4 vk B 1 b
VR AsA BEGR AT YT 4T Cd 2% Bk B 1Y SR
AsA A I AR EAAE FT 5 ) A4 &) i e T it A7
U8 GSH J& , HytEH iz 7 B T-, Ab PRIV 3k 3 i K fH,
APV VIR BT M (6 B 0T B B UL AT 0, 35 ~ 45
mg - L™ AYHMNE AsA 155 ~65 mg « L™ [4MNE GSH
HOREAR I ML B ff 0 P4l Cd B F , (HAT & RO
TIa#.

33 i

£ 50 mg - kg™ Cd Bt 3 A= K B9 T 9
MH 0, 7=AR R H,0, & 4 Bl CK 38T
3.0 F12.9 5, 0 5 JEE PR 38 I, A 7T 4l vl i i T
PR 5 AR B BE A 33X AT RS R R A AT 4 i i Cd
&, 55 PCs TEHAR NG 1, 915 PCs B B B 45
B FECETE AN P GSH TR T I A K
ATREEFER) GR TE AR, RIEE APX 3% P4t ] fig
X B SRR T R AIG, AT B ROS IWRE ) T R%, &
HH,0, 7EANA PN FL 2R X 2 H, O, /F R 4l i 72 5 1k
FET-HUME 540 T S AR AR, 5 S502m o B A 1k 1
AL, AR T A0ME B AAIG RE T, e & R B M AR
feFET- o
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tris ) 'O 4y P R 2B FR RN AN AN IR GSH X ViR M A R
( Elsholizia haichowensis) ‘* Cu 7% % Bt VE T 45 5
—.

A5, SN GSH FIANIR AsA 2B A 714
B Cd FEHVLHEARE. SME AsA LB A7 911
M F CAT.POD ,APX .DHAR MDAR . GR I 475 1k
¥4 FAME GSH AbEE ST B AsA R T H
2 5356 ROS, i AT Ry — 26 3% M 57 5 5 A 4 A
BRI R B A A T A, B v T TR T
L ERHE R . AN, AR AsA FARFEV VI
AVTHIE AP MR R BRI A, EL A b Bt
W BE, HH ROS & B A H T ARy 1,
P E AR PRI, 1 U BH = R B R SR AsA 5 Cd
PR AL AT A A AR T2 0,
45 ROS IR 45, JH B2 45 ke &) 1
FFEAMIR AsA XF R R . Cd Joir 388 90 =2 %01 1 19 28 M 5k
IS, B A SRRV FE (R AR AsA AT A3 AL il = 32
SN AR W, T R B Y AsA X HIANH B 2 R
YER, Bimii s AR S AR /R . B e vl O, AsA fE TR
A W BRSO, E R HATA 1R IEHELLE AsA
FEMIAME LT AR AR, — 2 0 45 S S8 40 Hh
FR RACHIE A AsA XF AR BB BUEIE-, &
AT AsA B2 A ALPERL. BHT, AsA {2 E b 1E
FARIHLEA 3 Fl. 5 AsA I8 0, %5 ROS A= il #2
FEAMEECOH) A 56 5 40 i 2o U 42 )8 B F A7
A K5 AsA REVE SR IR B P = A2 1 ROS A
KRB ARV VAT AP AsA
2R B, 5 1 AsA 75 38 i AR HE A4
Ab FEBEAT R AT RE A K ) R (AR F
Bl ) | I = A2 1 ROS $ 3 T 4, Bt s B i vk
JEAMIR AsA iR AL LS.

MFME GSH S A T4t Cd #3597 F 258
IR PU R B S PR AR AE . AR GSH A3 TR A4
P4l AR 2206 - e Ccd™ B b 1 iR &R
HR) Cd™ ) 3R s it 32 2 T A, b 13 Cd

BHEMNEMEH D E S THRER, X8 &SME GSH
REASHE = A 1T 4l o 0 3 vk B Cd Wi i 32 14 1
KHEJF N . GSH &5 Y 4 J@ B A K (PCs) 1Y B
B2 A, HE P R — 2L LT AR N Y B A IR G R
(PCS) Al fk GSH & 1M JE i A [ 4> F & 1Y
PCs'®' PCs 1[5 1 42 J& B LB & 01 % 32 21
PRS2 5 5 AME GSH Wi M 240 12 #E 1
SRR F B 45 SR — 30, (B A SMIR GSH X /NE T 4
B (Cu) B 3 PR FRAEHIFFE P A /N2 G i i
W GSH My, & 3 T R 2 1) PCs Sk A/NE
RN Cu ZE A IR R i /NZ IR Y Cu
iz, ARWFTN R, 512 BB A B A W e HoAth
it VE T Bl R RSN IR T U 25 1 Cd* o)
M bR IE W T AT HIER Y Cd F . 54,
HME GSH EH N AAAEEV VI AT eyt (R 3)
W& BT B, (BT i T AL B T O v vk B Y /MU GSH
AR AsA —FE, 5 Cd DR AL Ia A AT 40,
AT A ANE GSH ¥R BE VA PR | 38 75 2k —

25 BTk Wi 35 ~45 mg - L AME AsA 55 ~
65 mg - L' GSH #s ] LI7A U A 7T 4T Cd 85,
AT LA R (H AT ORI T I 2
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