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23 1 (SPAD) P4, i3 54k & (Hydrogen peroxide, H,0,) |8 48 BH &S 1~ (Superoxide anion, O3 + ) . N % (Malondialdehyde, MDA )&
N L T 2B R (Electrolyte leakage, EL )31 ; Pb 3 & & 100 mg kg™ B}, # SA AL ¥y 15 4k B ( Superoxide dismutase, SOD) i3 4L #)
fii} ( Peroxidase, POD) | i 5 4k & fiff ( Catalase, CAT) . HL IR LR 1 S AL W) 1l ( Ascorbate peroxidase, APX) 7% 4 b X B 43 I ¥ N T 5.6% |

29.36% .22.48%FN 54.19% . W52, &% 0] LIS IR A B i A4 AR AL HLHDIGE RL Ph Wra #1355, v I Pb {5 e X i+ 44 .

SKERIA HTMIA 5 B R HUAALRE s TR s B A

hESZEE:X503.233 CEARERS:A  XEHS:1672-2043(2017)09-1746-07  doi:10.11654/jaes.2017-0328

Effects of lead stress on accumulation ability and antioxidant enzyme activities of Althaea rosea Cavan.

HUANG Ya-ping, ZU Li-hong, SHEN Guang—shuang, GAO Zhang—ying, ZHOU Mei-li, SHI Fu—chen”

(College of Life Science, Nankai University, Tianjin 300071, China )

Abstract; In the present study, Althaea rosea Cavan. was exposed to different concentrations of lead (Pb)(0, 50, 100, 200, and 500 mg-kg™)
for 70 d to evaluate its morphological, physiological, and biochemical responses. The results showed that Pb stress inhibited the growth of
different parts of A. rosea, but lower concentrations stimulated an increase in biomass of the shoots. In addition, the accumulation of Pb was
found to increase in a concentration—dependent manner, with a maximum of 13.44 pg-g™ in the shoots and 17.72 pg+g™ in the roots at 500
mg-kg™. Leaf electrolyte leakage, hydrogen peroxide, superoxide anion, and malondialdehyde contents accumulated significantly as the con—
centration of Pb increased. In contrast, the content of chlorophyll decreased with increasing Pb concentration. In addition, the activities of
antioxidant enzymes increased under lower Pb levels, but decreased at higher Pb levels. At the Pb concentration of 100 mg + kg™, the activity
of superoxide dismutase, peroxidase, catalase, and ascorbate peroxidase increased by 5.6%, 29.36%, 22.48%, and 54.19%, respectively.
This study signifies that A. rosea can adjust its own physiological and biochemical mechanisms to adapt to Pb stress, thus A. rosea can be
used for soil remediation in contaminated areas.

Keywords: lead stress; Althaea rosea Cavan.; antioxidant enzymes; accumulation characteristics; phytoremediation
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HERl R Ak 3 7.83%10% ¢, KFRAMHEA T 1389, Fo =
Bt 07 AR EE I 19.4%, Hop Pb y5 4 5 5]
1.5%( [ 35 JetR L A A4 ) . V2R84 H
FRZ BNAEAERE MY Ph {54, #TLH Bl IX Pb
P R AE Y 45%), Pb AR RAEP AR T
JLR, REFECRIEW AR Z I 7 8 T I, i & RBUE
5| AP N IREE R ZE AL, S O T A 15

N ARG SRR T AR TS e e,
FAT 1z R PED, B iR AR S AE )
R L HNSMEL L 700 R Fh S ATE 50 DRFS B
WA R Y 2R RER I — M Z A 4 )R
FHETT L — A 5 100~1000 £ . H G #EFAEAR H
BLEFEPO, 25 KR Pb B EM Y, 280k
RN AR ZEZIR FE S A —E 1 SR FR P,
MR A R 3 N 5 T A S LA AR T
FRE ) AT B B S

H L (A. rosea), B 25 Bl (Malvaceae ) & 2% & (Al-
thaea Linn.) , — R 8 Z4FE A B AR, ik 2 m, &
T, BA A YK R Ak FEE LN BE T 9 Y AR
Mo BETERE SR, EREE JLB NS
AR BBV P 2R (Ch R D)5 49(2) %
11 50), &R i 2 HORLRS , % 5 4 8 AT — 5 4K
BUREST, G Pb Cd A — & B MHEFIR R P,
AHIFFE AL X Al L X - S AR ORI T 12 5 4845
IEAFEY ) LR b SRR DL 25 ARl i AN
[F¥k B2 Ph A BN &y 2% A 4 W i b S Al T 2 1 5%
M, ¥R % 5% 0 8 4 J A 52 1, 9ol 1248 Pb 15 441
A B SRR

I MRS

ARSI F B 25 oR AR TR N AL PRI X
1.1 #HEsR

SEEGT 2016 4F 6—10 H 7, S fEm TR
PN S M (L 26 39°06'41.66" 4<% 117°10'33.91"),
S b T9UR FH 328 AR 3 2, DU R LA k22, = IR
FFIE 38 XUFIIZE O e B R A 46 T8 5 -
(LR 8 A =3:1) , KRB . FFfh ks
PR K — WA TSR, R (142 18 em,
15 16 em) NG (RS T 2.8 ke, B AL FP AL —FE
HE R 200 mL Hoagland 57, il B4 787K 70 o AR K
20 d J&5 1 Pb(NO;), 4B, 3 8 F 4> Pb ¥R EERLE -0,
50,100,200,500 mg-kg™ . FEAALPESIKER , B E
2RI P 7

1.2 B

Pb Ab3H 70 d JE AR AR o WOIR IS FH 2R 1RUK IV
I 4 ML ER B T 20 mmol -L™ EDTA -Na, 1= 3fd 15
min, BRI B TEAR R Pb. SRS 73 5l FHZE 1R KN
EETKHEUE 3 . WVEE BRI E TR, 105 C
AW 30 min, 80 CHET 1A
1.3 MET %

1.3.1 Pb BLURHE

RET 5 AR A RIS 32t 60 H i PRI 0.4 g 4
YIFE L, HNOs-HCL(V/V, 1:9 )T i S i 2 0
FR = VR A BT 25 mL 25, B 2l K 2 R Bk
EF . FIEWGT 0.45 pm JEIE, FH R TR 66 RE
TH(SP-3520 AA, FH#EYETE)IE Ph 54 . ARHEIE
5RO A R s RGN AE 5, F T
FEHIXS Ph B R A4 iz RE 31, AN F

& 4 Z B (Bioconcentration coefficient, BCF ) =FH
PRAKFLZR 1Y Ph ¥R B/ 138 b Ph YR

35 280 (Translocation coefficient, TF )= 4y b
R Ph VR FEAHYIHL T FR Pb W E )x100%

i 4 8 %4 ( Tolerance index , TI ) =/4b P 2H A1 4 it
/NS R ) i T
1.3.2 SPAD fH il &

SPAD-502(Soil and Plant Analyzer Development )
SR 8 AR IR B E R AR X AR
B A", SPAD {H BRI H T L i e it 3R 5 it
(RIAEAE8 . B Ph AbERERE 10 d FFUR, A0 PR ER 3
AN, B R RR R IR 3 A4S R, R S IO [R] 75
AIINE 3 . 4 10 d a1k, 3k 6 K.

1.3.3 N _EE(MDA) & L S /NS R (EL )&

P R 2 R A G 2 2 R, WA fig BT o
BRI E R Singh £8P0 5 2% AN

EL=(E-E,)/( Ex~E()x100%

A B WA LA By Sl KRR A By
K FRIH TR,
1.3.4 3B A (H0,) AR BH B-(05 - ) & il e

H,0, 7 & (I3 2 B Choudhury £8P 51235 0; -
A R S I 2 [ AP
1.3.5 HeEALRgEE I E

Pb Ab3H 70 d J5 I E AL BRG 1 . A s
AL HE(SOD ) i 14 >R F &L A DU e (NBT ) ik J5ivk: it 4
16 ¥y i (POD ) T M R FH A Q1 K 8 % | 2o 4804k S il
(CAT)TE MR i S A S ™ TR L R i Ak
Wit (APX) (3% PR F] Nakano S8 5k
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RAIMERF 2R ERIET R

1.4 HIBRSH

e DL S B bR fE R R 7R, R A Microsoft
Excel 2013 24X B A TALBE,  FH SPSS 19.0 i#£47
BLR 2 )5 243 B (One—way ANOVA ), ft/N i 35 2%
1 (LSD)FE a=0.05 /K Fitt1 725 5 W & MR 56

2 FHRE5SW

2.1 Ph AEXHEEYENR Pb RESHIF M

ME T RTLUEH, 55 B EAE P ¥R IE N
50 mg-kg™ Bf, HEXTREIE AN T 4.13%(P<0.05);Pb
J£ 4 100 mg-kg™ B, 5%F B E) T B 25 22 75 24 Pb &b
P BE A F) 200 mg kg™ B}, AR X BE (P<0.05) .
BIE N A BEAE P R A T i e R,
Ab 3R] 55 5% RIS A AE B 3 25 57 (P<0.05) . Pb ¥R EETE
500 mg-kg™ B M AR fe/ )y, X REZH Y 80.33%

Ph &b By BE A AR N, Ph T SRR B AE B FE AL,
Bifi 25 b VAR BE 3 I, AR Ph A% R SR 340 1) 1|
¥ 7E Pb ALPE 50 mg-kg W ALRE RECN 13.74%;
500 mg-kg™! WHHERS REGEF 75.88% . SLH0 KB, 5%
1B R TP EFE BE Ph vk BE 0 T i ARG L e ien
W FE Pb(500 mg-kg™) LR AR (50 mg-kg™ ) A & 4
FREENL T 027, I AR BAR 1 0.21,
2.2 Pb 4bIB3TEZE SPAD BT HIRIE

Kl 124 Pb e kb3S B2t oA 4R R 5 i
(JH SPAD {8 R ) bifi B 5] f) A8 AL 00 . & 25 0
SPAD {H Fifi Pb &b P B[] (1% 3% fin 52 B0 2 T )5 B 1
P IETE P ARFRES 30 d iR B KA . DU, X AR
SPAD B 55 10 d #2755 T 1.14 /%, Pb ¥k & 50,100,
200,500 mg-kg™ [ SPAD {4338 T 1.09 £% .1.06
fi5 . 1.03 F5H1 1.01 fi5 . E— 0T LIEH , PhWRIE 55
Lt A SPAD fE A b o 7E%5 30 d B, £5A4bFER

40r-mo0 50
| - 100 -+ 200 ,-*,
38f ¢ .
| e 500 s §
i - [ Lo
1 T — .
@ 36?' __! o v.“."--\..r'\-\. -\.i-
g | 1A =N
< 1 I. e = ~ -
Gt B g e
| Tk T {i *
| e g i
32f ;.v: & o ——
30: s . I T T SN S
10 20 30 40 50 60

AbFREF ] Treatment days/d
PR3] R 5 43 3R Ph ¥EHE 0,50,100 200,500 mg- kg™

Datas in the figure above represent different Pb concentrations

of 0,50,100,200 and 500 mg-kg™

B 1 REWRE Ph 4B THEM 5 SPAD {ERER BRI T4
Figure 1 The change of SPAD of A. rosea in

different Pb concentrations

SPAD B 4351 e %t BB REAE T 6.11% .11.26% .14.30%
1 15.95%,
2.3 Pb AbEERT FEEM F H0, #1 0; - =K

B 2A o8 TSI P e B AL R &2 0
H,0, &t A8 fk . &2t 7o Hy0, bl P AR BRI
JEFH MG . 7E Pb ¥k B e = B (500 mg-kg™) 5 I
b 45 Ah BR [R)A7 78 Bk 2 22 57 (P<0.05), LA HL0, &5
FEXTREAY 1.29 £% . 4 Pb ¥ JE 4200 mg-kg™ B, H,0,
5 0] BE R A7 A B 3 R 22 55 (P<0.05) s Ph ki
100 mg-kg™ Fl 50 mg-ke™' Bf 2R AR

AN[F) Ph ¥ BE AR FEXT &y ZE it rp O - 75 5 5 0 ik
(& 2B), Bt Pb W AT, O - B S Mg
4 Pb WRJEH 50 mg-kg™! B, &ZEA R 0;- S
XTHEMGIN T 16.15%, S&MMEFAEREZR (P<
0.05), 4 Pb ¥ 500 mg-kg™ i, 05 - S A F K,

xR 1 AR P REXNHEEYE HFRBEEURERRY B RYATEREBHZIT

Table 1 The effects of biomass, Pb accumulation , bioconcentration coefficient(BCF) , translocation coefficient(TF) and

tolerance index(TI) of A. rosea in different Pb concentrations

Pb ¥ /mg-kg! T i R 5 Biomass/g

Pb FLZ 4 Pb accumulation/pg-g™

Pb concentration b _F Shoot R Root b | Shoot T Root FARBCE BRI AT
0 23.16x0.31b 32.69+0.60a 0.10+0.00e 3.03+0.08e
50 25.03+£0.33a 29.79+0.25b 2.01+0.07d 14.59+0.33d 0.33 13.74% 0.94
100 22.54+0.43b 28.47+0.77h 4.33+0.08¢ 15.44+0.25¢ 0.20 28.09% 0.88
200 19.21£0.15¢ 26.11£0.53¢ 12.05+0.12h 16.78+0.11b 0.14 71.80% 0.83
500 15.59+0.39d 22.26+0.64d 13.44+0.06a 17.72£0.11a 0.06 75.88% 0.73

T = [RFA [l /NG B3R AN R b 30 i) 22 5 1 25 (P<0.05)

Notes: Different alphabets within a column represent significance at P<0.05 after applying least significant difference.
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Figure 2 The comparision of H,0, content and O3 * content in

different Pb concentrations of A. rosea

JEXTRR 1.49 %, H5WE N 200 mg-kg™ %) Pb 4b
SN, [FE, Ph R 200 mg kg™ AL 5
100 mg-kg™ MYALFE] O - i 25 A I 2
2.4 Pb AbIEXT & EE MDA £ 2F EL HIF

T 52 AL 38 BsF 4 29 MDA &5 5t 19 i 1
e T AR I S AR KSR, B 3A RN TE] Ph e b B
T EZEM FH MDA ARk, KA Pb k3
Jin MDA 55 B2 B8 i, £5 Ah 3855 0] RE ) A7 7 i 3 2
5(P<0.05), Pb ¥ ¥ 50.100,200.500 mg-kg™ B,
MDA 243 2 % 9 1.09 1,12 .1.14 .1.19 %, Pb
WeRE N 50,100,200 mg - kg™ 4L B ] 22 55 . 2 s Pb
REFRYR 200,500 mg- kg™ AbFRE] TG B

24 RS ) e A A B B IR, 2 B P K
BN R ™, & 3B R T AN
Pb W BE PR T &G 25t LR B AME R AR f . & PR
M F R BTSSR Bl Ph VR R, H A4k
PG ) BE R A7 7 B M 25 5 (P<0.05) . Pb ¥Ry
500,200,100 .50 mg-kg™ B, B it i AME H 45 501 e ok
M 70.50% .50.08% . 18.46%F1 11.57% , 5 =5 e E
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Figure 3 The comparision of the content of MDA and EL in

different Pb concentrations of A. rosea

Pb (500 mg-kg™) 55 HoAth b P ] £ 7E 1 254 25 5 (P<
0.05),Pb ¥ J&F & 50 mg-kg™ Fl 100 mg- kg™ AIALFH
(B 2R RE
2.5 Pb 4bIERT HEM F i S EEE R

= i) Pb F R 2155 15 M 0 ( Reactive oxygen
species, ROS) B9 FL 2, F W1 1K 4 A8 31 & AL i (SOD |
POD CAT Fl APX) RE#% AT R bk ok 1t (43 PR 460 B
5 RfRAEY PRI, KL 4 AT LLE Y, BEAE Pb
AR B BE T, B EEN 5 PR AR TS R TR
FeEkadh. 4 Pb ARFRHK N 100 mg-ke™ B, LA AL B
TEPEIR R K, 55X Z BIAETE D 2 25 5 (P<0.05),
SOD .POD .CAT £ APX 435I Fb %} B 7 T 5.60% .
29.36% ,22.48%F1 54.18% . FifiZ5 Pb WL Tt , 2%
7 P ARG PR 2 T FEAIG, 7E 500 mg - kg™ B, SOD
TG PE L X R ALK 8.55% , 225+ 18 2 (P<0.05) 5 1fif CAT,
POD Fil APX 55X REZHAH TG B #5255

3 itig
SEHGF, MEREE Ph Mk EEAIRAT, Ph X &5,
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Figure 4 The activity of antioxidant enzymes in different Ph

concentrations of A. rosea
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EL M. il Cd Pb Hg Ni JiM8 KA 4 Pb Hi#
R Coronopus didymus YAkl - A= (Talinum tri-
angulare ) UL . Cd 1138 75 i ( Solanum lycopersicum )5
BRI R S0, K Pb AR T,
YA REIE 3 1 Bt e LB ORAP LT AN i 1835
P, MREA Ph ¥ B2 B8 I, T A A BT 1 52
I, B ROS JKP- S SO M A AR R
RAAA LAY MDA BEAZIRNGZE AZIR W2k I
FIBE, JE— 2P RR 1 JBEA5 AL I3 020 P H e I3 ) A1k
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B LN B fL T (SOD \POD [ CAT 1 APX) i
PES Ph Ik Z A BT R R R . Piéa i
M PERE ) ROS fif 2 e 45 H2EAE ], SOD Bkt 0; -
A4 H,0,, POD ¥ H,0, 43 ik H0P CAT fE4ET
ALY, TS HYO, 1S3 A 32 SRR T
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