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( Pogostemon cablin (Blanco) Benth. ) #HAE  Co® BB MY A LB IS MY R . 25 S R, 5 X IR AH EE, 10—
80 wmol - L™ Cu™ BEAR T/ 22 A B A S RS AERR AR Wy 1 RIS ZR P K0, LB ™ ok 8 1 KA T 4
.5 Cu™ A ATEE, ANEERAN 0.10—0.50 mmol - L' AsA 3275 T EF AN M K R K MY WA
i P HE A AR RIS J7 LA S SOD (POD (CAT FI APX I M | B AR AR Z AT XS HL 5% MDA & BRI Cu™ 35 & 5 Bl
AsA RPEIGIIN, B AR RRRAE i AR AR TR R ARA T 1L L POD A CAT 3G MESE TR 5 R Bk, HTXT
HLUS% MDA & &Rl Cu™ & &6 T 5 [ Jt, SOD Rl APX i 1 W — T 18 . 25 52 s, A YRR
0.25 mmol - L™ AsA fE4E 1) 45 7 4y i A0 NI BR 305 P SO RE ), — R R BE 2% 40 pumol - 171 Cu® JHipitt X [
REWUIE R Co® WA xS EF i A K T EE .
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Effects of exogenous ascorbic acid on seedling growth, copper accumulation
and antioxidant enzyme activities of Pogostemon cablin under copper stress

LI Hegin® WANG Weihua® JIANG Xuwen ™"

(Shandong Provincial Key Laboratory of Dryland Technology/College of Agronomy and Plant Protection
Qingdao Agricultural University, Qingdao, 266109, China)

Abstract; Effects of exogenous ascorbic acid on the growth, copper accumulation and antioxidant
enzyme activities of Pogosiemon cablin (Blanco) Benth. seedlings under copper stress were studied
by a hydroponic experiment in the room. The results showed that, compared with control, shoot
length, root length, biomass and root tolerance index were all reduced by 10—80 wmol-L™" Cu*.
With the increase of Cu®* concentration, the inhibitory effects were enhanced. Compared with copper

stress, shoot length, root length, biomass, root tolerance index, root vigor and the activities of
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superoxide dismutase, peroxidase, catalase and aseorbateperoxidase in roots of pogostemon cablin
seedling were all improved by exogenous ascorbic acid with 0.10—0.50 mmol - L™", while relative
electrical conductivity, copper accumulation and malondialdehyde content were reduced. With the
increase of AsA concentration, shoot length, root length, biomass, root tolerance index, root vigor
and the activities of peroxidase and catalase first increased and then decreased. Relative electrical
conductivity, copper accumulation and malondialdehyde content first decreased and then increased.
The activities of superoxide dismutase and aseorbateperoxidase increased. The above results indicated
that the ability of eliminating reactive oxygen species could be improved and the damage of cell
membrane system by 40 pmol + L' Cu*® could be alleviated to some degree by exogenous
0.25 mmol-L™" ascorbic acid.

Keywords ; Pogostemon cablin ( Blanco) Benth., copper stress, ascorbic acid, seedling growth,

antioxidant enzyme.

UTAFR , B A 25 ML A RS P Tl R A= 7 5 5 ) R, A 22 Y < s 1 e it A £
B, S ECE R R G R Y H L H AT RS A E SR L G R 15 Y& Cu Pb As Cd Hg
AU SR 4 R R e R A NS i R A A KR AR Y B R R
W, 8 ] i A ) 7 st A BB, R T UM AR PR, ) 9 R S e A A B K.

w2 A DR T RS S AR AR DT TR A IR A DL 3, ok sz )45 1A R A E AL AR T 98 v o o v
(1 T, AN P B 2 Y K I B i AR P 4 S S R R, S 222 e D R 2y
FE R TS Qe A H g 5 TR S&HE, BOA 2 R/ A BF 52 R 5. T 45 A Pogostemon cablin ( Blanco)
Benth. , A JRIERF ZAE A REAAEAY) , A 3000 A 25 A 55 A Ak Aep kK Ok g2 2 DAl AR, B
BTGB AL T R 2B I AAAE Cu ARG M T A B I T R R .

Cu 25 453 8 3 TS O A PR A 7™ A R B0 36 P40 (ROS ) | IR 4 0 235 40 114 58 e e, L AR
T RE AR HL R0 /NPT B (MDA ) 7% 5t AR S W50 558 [ 38 T AR 400 S0 I S2 1 5 P R JE 1% T A
PIEALRE(SOD) i S LW (POD) it A AL U BE ( CAT) FITIR ML AR i A AL Wy i ( APX) TEAL MR
it IERREE T ROS LRy A EEAEA " HUIR IR (Ascorbic acid, AsA) 1 At YA Py —Fh
FLHT AR ERY TR B E AR bhia A e S5 i B vl 3 e M e BT
AsA XFE 2 J A R AR IR A B IR L 2 D

AHFFEH] CuSO, + 5H,0 FE4LL Cu® BHE PR , R I3 K BRE BRI ANIRAS N AsA XF Cu® JHM8 R T 7
A AR Cu® B R NGBS VRN, BE S22 ROt — 2D W Bl AsA BT RE SR A p LR S (1t 2
WA, t o T3 G R 5 YR PR AL e 2%

1 #ES 1 ( Materials and methods)

L1 SEsphel

]84 Pogostemon cablin (Blanco) Benth. 111§ LA+ 16 T VLI IR FE Al , CuSO, - 5H,0 K
HTEA R A0 AL TAT FR w4 A, SR AR (AsA) th3R BT REFEAL T AT PR Rl 42 At
1.2 gt

WO/ 2 M R ) 2 AT ,0.5% NaClO ¥ T 10 min Ji , JoR/KIE BEXGE , # 1. 5%
IKEEE 8 Hoagland & FR N HEA G IR AE R 122 2 @ AR M JZ2 248 Hoagland 5 37 78 71011 Y
IEAR, FEAM T 5 w5 L& s B TR R T AUAR th e T & 2P R A R 30 °C 065 2500 Ix, B RO
W8 h( ORI, BL AR B 22 A S 2 AR R BE e R ) 4 d JR K A ZF AT e A2 =% 10,20,40,
80 wmol - L™ Cu® ) Hoagland & FF UK S5 5%E | [RIATX Hoagland & F# W A IR (CK) AR FR 3 /N
SRS E 100 R ZF BT DUS BRI E 5 RS SR LAORRRIE AR , 15 d JE Wk, e 4
AR AR, IR AE Cu®* JHlh 38 v B
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Cu W 381 e B8 3 52 I, SR &% Cu™ 38 1Y Hoagland 5 358 0K AsA W JE R E M 0.10,0.25,
0.50 mmol - L™, 437 A T1 T2 Al T3 IR, %5 ¥ Hoagland & F29 CK1 Al Cu® Bl (40 pmol - L") Xif IR
CK2, 3t 5 AP AEFR 7 & 28 SRHERET N 2 & 2848, A 3R AH R 8 IR e oIR8 i 5 B & 28 4 d i Fb
THEIR, # ba, 8 TR TR P AT 38, b B 5 Wl B 5 100 KL& ZF BT, 1
FREAR .15 d SR, T 4 i AR K AR bR A A B AR
1.3 FehrilE
1.3.1 i KIshs

TR IS A A TP BEAILIE B 10 AR TN AR | g AR R S )5 28 105 °C (30 min) (80 C
(6 h) HET T I H AR B s AR B TS B = b BRZH AR 2R K B S S4 (i 6] BE AR 28 K S 24 4
1.3.2 44 FEhR

U R AR IR R T4 A R A L2 ) A 24 B4 D 3 D00 G 240 e ok ( PR AR OGS
LSRR ) \SOD T POD WG CAT & HE APX 36 Mk 7 % 7 (MDA ), 32 R 15 1140 48 g )y i
HAR ARG U FET L, 43 B0 AR A3, LT 5 T Al A DR AN 5 42 4 I B o3 v (b
50 Cu™ &, kS R GB/T 13885—2003.

2 R 5118 (Results and discussion)

2.1 Cu™ VRBEXT) A 4l B A 5

Cu™ B K EFUHNMEE R LR, Y IEE N EREBTAEEEE Y L Eh&H
Cu™ I (IR WSOR A E 1 o™ o i i K xR = AR B VA, R A KO A0 Cu ik
FEREIT 5 mg- L7, BFSCE Bk e ARG Ml 3T R AR 55—20 pumol - L™ Cu™ ZbBR A & #1 KoK %)
B R I R T B ™ 200 wmol - L™ A8 Cu® Al S/ NE S A= 1 AR A=
R E T Co™ BRI 250 pmol - L' B, FHEE AN A 1 52 2] W 5 0, e kR T fef R e i AL
BE TR ARG, Co™ B T T B A B AR A i AR AR I 1 48 45, Bl Cu™ e 3 i
POHIVE RG2S o™ W BERE A 40 pwmol - L7 A1 80 pmol - L™, MRS A= 44 AR 22 1 P46 B0 [ 28
g, HZERARE B 40 pmol - L™ Cu™ W] LIMAE R E N/KIESRMF T RF DM AR MR (F£ 1), &
WFFE 45 95 Hr A AR5 25 SR — S0 H AR AT RHAR TR, Cu™ Wt vk A T 22 5%

R Co™ XL A IR bR R

Table 1 Growth indexs of Pogostemon cablin (Blanco) Benth. seedling under Cu®* stress

Cu* ¥k iz NS iiSN A R Z TR P £
Concentration/ ( wmol - L") Shoot length/cm Root length/cm Biomass/ ( mg/10 ££) Root tolerance index

CK 1.48+0.11a 3.20+0.12a 16.1+0.2a —
1.38+0.10a 3.08+0.08b 15.5+0.1b

10 0.96+0.03a
(=6.76%) (=3.75%) (=3.73%)
1.12+0.08b 2.84+0.05¢ 12.7+0.4¢

20 0.89+0.02b
(-24.32%) (-11.25%) (-21.12%)
0.92+0.08¢ 2.46+0.05d 11.0+0.3d

40 0.77+0.04¢
(-37.84%) (-23.13%) (-31.68%)
0.78+0.07d 2.36+0.04d 10.7+0.2d

80 0.74+0.03¢
(-47.3%) (-26.25%) (-33.54%)

T [ — 3 A AN ) 5 R AR 22 57 TR KT (P<0.05) 5 45 A B AR b B LU IR (LA AR 46 n = 3.

Note : Different letters within column denote significant difference (P<0.05) ; the values of the brackets are the inhibition over control; n=3.

2.2 AsA X Cu™ A T L A K A

5IEF AR BA 40 wmol - L™ Cu® W3l (] 7 3 4y i 0 B S MR KRR R A= 4 2 43 0l B R AIR T
31.08% ,22.09% %1 32.30% ( P<0.05) . 7E bLHpid S50 R AN I AsA J&, 1w/ i K K B
Y L B AR A TR AR B A BT HE . 24 AsA W JE 4 0.25 mmol - LB, K MK AEY 51 Cu™ i
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THAL PR PR 19.61% (12.6% F1 13.76% , A5 1 AR T 1E % AL 3 17.57% (12.27% F1 22.98% ; #3 Z fiit
PEFERL L Cu® A AL BE I 2 3 0 12.82% AR TN, AsA YR BE ARSI N | ik e 45454 i [, (BAT5 8 T Cu™
JopiE KT IE A HE, BB AR R 225 (3R 2) X ULBAMEIR N AsA — @R JE LI T Cu™
JB e R ) R A A B AR .

T2 AsAXF Co® A R RE R A i A K AR R A S

Table 2 Effects of AsA on morphological indexs of Pogostemon cablin (Blanco) Benth. seedling under Cu®™ stress

Ab3 Bk i8N EX7/h s MR T PR AL
Treatments Shoot length/cm Root length/cm Biomass/ ( mg/ 10 £ ) Root tolerance index
CK1 1.48+0.13a 3.26+0.17a 16.1+0.2a —
CK2 1.02+0.16¢ 2.54%0.15¢ 10.9+0.3d 0.78+0.05b
(-31.08%) (=22.09%) (=32.30%)
T1 1.16+0.11bc 2.62+0.13¢ 11.3+0.2¢ 0.80+0.04ab
(-21.62%) (-19.63%) (-29.81%)
T2 1.22+0.08b 2.86+0.17b 12.4+0.3b 0.88+0.07a
(=17.57%) (-12.27%) (-22.98%)
T3 1.08+0.13bc 2.70+0.16bc 11.5+0.2¢ 0.83+0.05ab
(=37.04%) (-17.18%) (-28.57%)

T =3 sp o ANl R 3 R 3 2 3k KT (P<0.05) 5 355 MBS AR 2 A B L X BRAE A AR s n =55 T ).
Note : Different letters within column denote significant difference ( P<0.05) ; the values of the brackets are the inhibition over control; n=5;

The same below.

Cu™ JHhie T B WIS 4504 & A e2E A TR, T REE AR 32 31 Cu™ M sy, — Dy T, 1R N
TEH BB TR G2 i 3838 RN A5 T VA A T, AR AR 2L s 5 — O T 2 Cu® AR
RAR G , AN SR B A S RNGSE KA T B2 A, T L3 ] AR R S il R 2 14 34 7 oy g st e
T IR E ORI AR ol 0 P A, 1 AR BRI REZE ALY AN TR AsA $R i T EFE LW
K ARKAEY &, 5 T Co® Wbl B EEEAE X T RES AsA TERE AN/ 24 5 4 4 A AR 2] i Ao
AR A AR & B AR B0 LA R AR 335 358 ol A He B AL (R 0 45 T HLA B A R P T RE A O
AsA ¥ 40.25 mmol - L™ i | 25 i AE F e i 35
2.3 AsA X Cu™ Wl T 72 A 4 i AR R O AR B B Y 5
2.3.1  AsA X Cu™ B T #EFLE Cu™ & 515

IEF AT T REF Y R AR Co™ &5 5108 2.85 pg-g” ' DW F13.16 pg-g ' DW, 3%
B Cu™ B /AR AT TTICE ;40 pmol - L' Cu™ WA TR, 2 /LM M H AR ) Cu™ & &
FRTIER A, RS Co™ &E & T A XA RS Co®™ Wit ™ R R AR 7 40 i 43 284 B A K 32 il R
RAERK GG I T AR, SO A A X 5% 53 FK 43 0 W ok /b | 5 ORI IR Cu™ IR 5 1) i i 6
Y 540 wmol - L™ Cu™ MRAAEL , ANEER I AsA B FEAR T ) 78 B LB A AR i i Cu™ A, X
ATHEYS AsA BRZE THEDIIR B B0 2R 0 & i, BHLAS AL 4 0 i W IR Cu™ 75 26 FE AR R AsA IR JE
0.25 mmol - L'}, Cu® 5 3 T RE RN AL (B4 38 3 FIE F A B AR R 1Y Cu™ & & (3R 3) .0l WL, AMIE AR
T AsA FRAR T T 228G R AR R P i Cu™ & B T Cu™ X i VR R X S AR A T
RN AR A —EL

RT3 AsA X Co® A R R A 4 R R

Table 3 Effects of AsA on copper accumulation of Pogostemon cablin ( Blanco) Benth. seedling under Cu®* stress

Ab HH Cu® i MR Cu i
Treatments Cu® in leaf/(ng-g ' DW) Cu** in root/ (pg-g ' DW)

CK1 2.85+0.20e 3.1620.31d

CK2 20.78+0.54a 92.7420.62a

T1 18.20+0.70b 87.66+1.35b

T2 13.85+0.44d 83.31+0.69¢

T3 15.88+0.43¢ 84.54+0.79¢
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2.3.2  AsA Xt Cu™ Bl R 2R LR RANRBLETE MDA 7 8 IR 216 71 152

MR TR S K 5 ) B LR B, AR ) oy S Bz o BT oo (9 JE s 4, e
EEE TR EEEWEMRARNEK LT WA T BRI AR P, MDA £E by 41 i B R i S Ak
B, AR R AR P i R A T LA S A e 336 58 AR 0 1 A SR T B B R A R E S R S
S0 R A 1) B B A, LERR K, R R T 0B T R 2 A I R A R R AR,
40 pmol - L™ Cu™ T, ) 78 B 40 11 AR 28 10 40 B IS5 328 6 R MDA &5 52 43 1) Bb IE 8% Ab B G 25 38 T
54.66% i1 64.38% ( P<0.05) .5 40 pmol - L.™" Cu® R AH L, AMEAR N AsA FEAK T T ZEH AR R 40
JEFE R MDA & 8. 76 /MR AsA ¥ 0.25 mmol - L™ B, 40 J0 537 P8 F MDA 2 & 43 51 3k 5 /M
24.03%F14.57 wmol-g™ FW, H 5 Cu™ Jpifl kb B g 25 22 55 (B4 50 5] &b 2 i 1 % A0 L 20.94% F1I
16.28% ; AsA ¥ FE 4RS84I 5% M Al MDA 35 5 30U B [l ) {E47S & (KT Cu™ Bt Ab 2 (3%
4) HBFFELE I AT, Cu™ MREBEIR T 7 78 7 40 AR 2R A0 20 B o 2 e, (o L M3 K, A B ks ; 4b
JEVR NN AsA ZZff T Cu™ BHaXS | ZEF 4R R 0 05 VE .

MR R TE J) Rr EAR RIIREM B AR R Z — , BB AE S WOAR 1) A J 5 DU AR KT AR R T ko, 3%
BF AR 2R M AR 580 R B, R R AT P40 pmol - L' Cu™ 38, T 2R/ G AR R 06 )
FUIEH AL HE i 25 RRAR T 47.47% (P<0.05) , [RIFFAR o Cu®™ & i B 35 Ty, 36 Cu™ e Xf T 22 4l i 1)
WA T EHEEN, X SR FEMR M MDA S I & C AR R, 2 E 48 a2
SRR ZRIE ST, 41 Ph> MBI 25 mg - LB, FORAR RGPS AP Wk
0.5 mmol - L' i, /K FEAR 2R3 1 TR 35 00 s CA™ MR BB I 0.1 mg - LA, 2241 A= B2 1 09 B85 A AR
AW S BE T Y Cu® 8 Zn® MR EF I 40 mg - L7V, FAR RO 205 ) B W R R Bk
s, T R R AR ARG AP AR RIS T B R TT RE S MR T A R R 3R 43 RK 3 IR 2k

T AR/ AR X R Ca® Mg X 7 EF T KWK TR LR DAEE. 5

40 pmol - L™ Cu® A AR LY, AMETRIN AsA $5 55 T T 224 1 AR R 36 0176 AsA ¥R 0.25 mmol - L™
B, MR ZR G SR I B KAE 9.27 peg-g b7 FW, HY5 Co™ W Ab BT 1 3 22 5 EA7 i 35 K T 15 % b 2
25.66% ; AsA Wk B 4k SL 38 R, AR R IE A BTN, BAS 2 E T Co™ i kb B (3% 4) .y itk ar A
40 pmol - 17" Cu™ il , 2R AR R AT 37 1 5 R AG , T BUR R AR BE 1 R, X A R A
AR 3 AR R IR AsA BTN B3 T Cu™ X 7B AR R 22 1R TR AT .

R4 AsA X Co™ Bl )T LR RBGEYE MDA 2 i R R IE 1 520
Table 4 Effects of AsA on membrane permeability, MDA content and root vigor of Pogostemon cablin

(Blanco) Benth. seedling under Cu® stress

AbER AHX L MDA F & R
Treatments Relative electrical conductivity/% MDA content/ ( wmol-g™' FW) Root vigor/ (pg-g '*h™'FW)

CK1 19.87+0.40e 3.9320.20d 12.47+0.39a

CK2 30.73+0.45a 6.46+0.13a 6.55+0.23d

Tl 27.23+0.31c¢ 5.67+0.28b 7.52+0.36¢

T2 24.03+0.70d 4.57+0.19¢ 9.27+0.18b

T3 28.40+0.71b 5.37+0.15b 7.68+0.12¢

2.3.3  AsA X Cu™ R T 2B R SOD POD CAT F1 APX il 14 ) 5%

SOD . POD FI CAT JEAHYI AN BRI B R 5, B A 1A B B LA BB A S0E BR ALY R P B ROS.SOD
AR 07 A2 il H,0, At 8468 , I B/ Bl vk i i 3 v AP R0 2 1 6 (- OH) B9IE A, CAT A1 POD
FEFEE S H,0, Fid Bk 86 bk H,0 5 0, IEW A BRAAUE R, A RE I i A4 47 il 22 G038 BRI N 1)
ROS , {1 41 i 5 G 32 43 300 45 J 36 B, AP0 R P AR 4P I 2R 6 2 01, 80 ROS 72 AR 1) 3 8 R 1 LV ok e
i ROS BB 41 i 5 32 30 403 3, o 2 3 JAE 0 1R P9 B R A AR 5 v, 5 E AR BEAE L,
40 pmol - L™ Cu™ Wil i Z AR T ) 22 F YR &9 SOD . POD Fil CAT A%t (P<0.05) , %) HEH
A B IEBR ROS MIRE S F R X AT B S M B Cu™ Wil T A 9 1A P9 25 14 45 44 T D BE 8 B0 3K, e 0
PEZ B ME], QI T 3606 56,40 pmol - L™ Co™ T, AMEA N AsA 275 T 3% LEF 9 15 14 BE AsA ¥k
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FERSE T, SOD FiFE 1 5 B — LREMAQ a3, EL4 Ab BRI 2% 5 535 POD il CAT W ML S TH 8 I A 1%
AL e, 72 AsA ¥R BE N 0.25 mmol - L7 B, i 3 1 23 0 38 i 2 B R A 23.71 U - g ' FW Al
19.07 U-g ' FW, H5 Cu™ WA AbBA W25 22 5 (B8 T 15 A0 B ; 6 AsA W JE 2 0.50 mmol - L7 i,
POD Fil CAT B A BT T I I 85 3 T Cu™ Wit b8 (3 5) K BEI 3 AN TG Cu™ Wit 76—
SERREE FAFR) T GRA SRR T RESE AsA ZEff T Cu™ XAV N EE S5 H AT BRI IR, f23k T AR B 1Y
R, IS8 T HEPIR N ROS BT R AE

APX JE—F kLT 2 1, LAY ROS FRishh S0 B A — , JEHL R A P B 1,0,
() SR , 2 AsA FUIHAY EZIAERT 5 IE R AL B LE 40 pmol - 17" Cu® B A0 H 0 25 AR 1) 2
LHTIR ZR1 APX BRI PE (P<0.05) SX AT RE S 1S 2 9 Cu® B THE IR A Fe™ (9 FRIAT 5640 pmol - L7
Cu®™ AT 7 IN AsA #2551 APX AU PE , HLBE AsA HeFE A8, APX BT 1 52 B0 — 27 184 in it B 3.
16 AsA WREEH 0.25 mmol - L7 iF, APX B VE 52555 T Cu™ b3t A3, L85 1 I AL B0 fH 22 5 A 5 3
TE AsA W 0.50 mmol - L™ f, APX M M i 25 5y T IE WAL IH (3% 5) X WA B 41 19 Cu™ it
TE—E R LATE) T S SR R AT AE S AsA Sl APX POfEALAE FH S A B B 1,0, R0, K H,0,i8
J5 A H, 0, AT FEARAEL 4 A0 L H, 0, SRR, Waidi ph 1 5 [ A A 7

RS AsAXF Co® BT HEFLEAR R SOD POD CAT A1 APX [ 1 (19 %21
Table 5 Effects of AsA on the activities of SOD, POD, CAT and APX of Pogostemon cablin (Blanco)

Benth. seedling under Cu®* stress

i3 SOD %k POD Vi CAT 54k APX i
Treatments SOD activity/(U-g™'FW) POD activity/(U-g ' FW) CAT activity/(U-g™'FW) APX activity/(U-mg™ FW)
CK1 103.074.29¢ 24.85+0.85a 19.69£0.60a 20.75+0.83b
CK2 80.19+3.53¢ 17.67+1.20d 15.31£0.51d 14.93+0.29d
T1 92.13+2.93d 19.66£0.75¢ 17.13£0.99¢ 17.80£0.41¢
T2 116.51£5.25h 23.71£1.55ab 19.07+0.40ab 21.66+0.59ab
T3 127.83%2.43a 22.52+0.75b 18.19£0.23be 22.57+0.82a

3 %5 ( Conclusion)

Cu Ma At T 225 4 i 2R 1, MR BE B R, 4 ikl FH 1S 58 AR 9238 7f 40 pumol - L' Cu™ pif
T,0.10—0.50 mmol - L' 4N AsA BTN 26 T Co® Bl ) BRI K REAEY & FRIET
AHXTHL FR Cu™ i F MDA & &, $2 55 T H R 06 J1 DL & SOD ,POD , CAT H1 APX i 14, M1 i T
Cu™ X FEF N I TEEMER. AsA FIFGEWRE A 0.25 mmol - L7,
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