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Effects of indole—3-acetic acid on morphologic and physiological characteristics of root systems of plants with
different arsenic—accumulating abilities under As stress

HE Shu-juan, WANG Hong-bhin", WANG Hai—juan, ZHAO Bin, LI Qin—chun

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China )

Abstract: A hydroponic experiment was conducted to investigate the effects of indole—3-acetic acid(IAA) on growth, root morphology, root
activity, root ATPase activity in cytoplasmic membrane, root antioxidative enzymes (superoxide dismutase SOD, catalase CAT and proxidase
POD ), malondialdehyde( MDA, a peroxidation product of membrane lipids ) content, and As accumulation in plants with different As—accu—
mulating abilities. Arsenic hyperaccumulator( Pleris cretica var. nervosa) and non—hyperaccumulator( Preris ensiformis ) were exposed to 2
mg- L As(V) and different concentrations of [AA(0,10,20,40,and 60 mg-L™") for 14 d. Results showed that biomass of two plants signif-
icantly increased in the presence of 20 mg+ L™ TAA, compared with the control. At the 20 mg+ L TAA treatment, As concentrations in fronds
and petioles, root activity, and root ATPase activity in cytoplasmic membrane of P. cretica var. nervosa increased significantly, and were sig—
nificantly higher than those in P. ensiformis. At 20~60 mg+ L™ IAA treatments, the activities of three antioxidative enzymes(CAT, SOD and

POD) in roots of P. cretica var. nervosa increased significantly, but the CAT activity decreased and SOD activities increased significantly in
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roots of P. ensiformis, in comparison with no IAA treatment. The POD activity showed no significant changes in the roots of P. ensiformis.

The content of MDA in roots of both plants were significantly decreased by 20~40 mg-L™" TAA treatments. However, MDA content in the

roots of P. cretica var. nervosa was significantly lower than that of P. ensiformis. Correlation analysis showed that As concentrations in roots

of P. cretica var. nervosa were positively related with root activity, whereas no correlation was found between root As concentrations and root

parameters in P. ensiformis. Therefore, As hyperaccumulation of P. cretica var. nervosa was attributed to its high root activities.

Keywords: indole-3-acetic acid; hyperaccumulator; arsenic; root system; root activity

HARFEY AR ZE A AT de B AR R
5+ HEK AT B, P AR AR TS G
) F LA AR S Ay A B AR R B AT
HR A IR H IR A3 SR o K 3, B 22t 2 A T
IR A . AR R ER T RIEDIE , 3-1bk
iz (TAA) SUZA K R H WACEY) , MR N e 1
TAA BA AP A L B I DIRE , A s A8 4 40 i
354 AR AR DL B B AL ROE P, i it e
Cd AbFR A KR iR 43 0 s Ik BE A 10°~107 mmol - L
AR RZE IR (NAA) JAA W TR (IBA)FI 2,4-
TRARECIR(2,4-D) KB, Y A R AERK RN
10 mmol - L™ B, ¥ {2 i 14 A MFIAS e MR A9 2 P
X T AR I A= KR JE WF AR P A P o 4 A
e ML A AR 22 SOk HGE , G &) g B S8R9 Bt
AN IN—E W TAA J5, 3 Pb.Zn Cu.Cd BH/75
Ye 35 AR K K (Zea mays ) KRR F 35042 9 &
WM, B3 T EemE AR e TEYBER
R (HARSCATLEE i AN BH A

— PR KR BRI TR ATPase BT , A
(YRR = i 2P 1 9 A € 3 g 97 STE N N L7
A — e 22 A, R > o 4 i Wk R 2 vy
4R a2 AR R RSP A i T,
(AR AT DL 2L B A8 A R G0 T BRY, 4N A Ak ) 5L
fL1iE (SOD) | 3 48 AL & g (CAT) | o 2 AL ¥ il (POD)
& NZESEOR I, R CL R R N TR TAA
T CAT 1& M 5 2 7ORE OC 5 ) 35 1) S5 ORI 53 )itk H 47
U5 TAA X AR K TER TS G 118 (500 mg-kg™) EHIT3R
RIS (Brassica juncea)SOD & VE 152 1 & B, U N
TAA J5,S0D i P4 b %t B FF i 77.3% ,POD 2 5 TAA
0oy, A AL TAA AR ATBE S, Srivastava
LM R B, 7E As( VO IMETT , il & 4R A ik
WARE (Preris vittata) AT FL AR & S AE P 81 XU Bk
(Preris ensiformis ) #1115 B Bk ( Nephrolepis exaltata
L.)H & () SOD .CAT F1 POD i 1, [K ifif H A 5 3% 1)
YriEAbRE 1o BRI, 7E TAA VER T ARl E 268 1 AE
Yyrbisx Se 4 AR PRI AL S 1 20

IR R ZR A R ) R W IR R T AT RE
Forino S5 BILAER & SEAE IR IA B 1K Pk 2
AYRISEHE(250~334 pmol - L) 5 | HEEHR B[] FAR R
fikE, HEERAENR I, (H Sk k31 (500
pmol - L) HIAMEL RN Z M S . X A5 TR RIE
AL JREE T RO A RS e, SR, ZERR e
T, AR A AN TAA A A T S R AR RIE A
RS SAE AN AR, DI & £ E 2 1)
fift, H Al SCRRiR B 4270

K H: T3 B (Preris cretica var. nervosa) s i
MY, St RUR BRSSO I 1 i 2R e 1R
A", [F)JE ORI e AL R T R Sy A
A B E S SRBE T ARG . A BIFSR S A 2 N K
S, TR E B A B T A MRS A
[V BE TAA, 25 SR 111 30 R ) i JRURE ik 19
E AR S R R RE AR MRS R
T AR ZATE T AU ATPase 16V DL KBt A ik
PTG VL ST AR AE BRER PR 0 2B Ak, IR 45 G 8 A0 [ H v
s AE PR FRAR S e g T IN E AR RIS AR FAE b
KR

1 #R5FE

1.1 #ikiEy

FHEA & AR AR ) R S T ) A /N R B R
PR RAAL b, AR & A AE ) &1 i XU ) A /N
P = Py = AR P M N EEN g NG S G KA BN e
13k 5 5 SEA TG BY I T3 3 I ol R R R 2 A
J BB R A NS0T (8 8~9 em 4t T~
8 F /NI ) A K R
1.2 HEYEFR

R NKEED:, IR 2.5 L AR MR
7%, BEIRWCEA 1/10 1Y Hoagland & FEIB AN [] e
FER TAA o FRHE TS 30 45 50 1 As(V)UREE S 2 mg-
L, AT R B (NasAsO,+ 12H,0) A FE I, As 851
WHELAZE As 11, AR Z TAA WRBE e A0 IR (0 mg-
L) R (10 mg- L)  Hk (20,40 mg - L) Al



880

R S Y 35 EESH

W (60 mg- L), F—Ab PR E 3 A . FARTE
2~4 BRAEY) , ELOREREAR HRE R 0 /N R i o 5y —
B, ESEFTTR, BN 3 d Efe— kBRI, =N
15~25 °C.,
1.3 #HAERNE

TYEEFE 14 d WOk . e BoRKIEBE, FH
0.1 mol - L™ # HCI e, & 5 FH 25 B8 Fok k.
UEARME TG R K O3 AR 3 PR R A s — o3
O H BT VKAS T-18 CI-AE, LI TR RS
1. HRANBRITIE ATPase BTG PE L IAR RIE B FPLE
AT TE PE R A2 5 53— TR 105 CAR T 30
min, 7E70 C U240, BERRIRS), PRI 0.2 ¢ 245
F i, F HNO;—H,0, Gk, 25 2 25 mL 17
il g

I B S R AFIROIM A 60 g- L™ B ik e
WMERIR A W TR (270 0.5 h), H [ 5% HCl %
— M RAR R T 2 AR s A R Ttk
TEAL (AL ER AL AR A H) , AF-610D BDE . f AR
AERE AL (100 mg- L) B B ZAnER BT 58 ot . il
EM T AERZE Jy y=27.159x+8.461,R?=0.999 4, =,
oy UOGHRIE o AFRFERIREE (g L) o SR IIAR
IR 93%~95% , A5 A 2 o 445 Tl 25K

Z: B IG5y ik R 5L (HP LaserJet M
1005 MEP) 14 56 #2 H 2 [F115¢, ] Winrhizo #l R R 58
ST S BT EARAS R S A AR S8 i

ML ZR T J10 R A = 2R DU M (TTC )L
HR 2 i J5 S H*—ATPase 1 M40 5 R FH g 42 XA
T8 CAT JE PR 2 >R 58 A1 4350 B P
SOD {5 PRI 7 FH 2 DUy POD 3 M o A8
ARBRTE A RS R 2ok AL 1) T8 R (MDA ) % 1l
TE ARG EL FE 2 IRk,
1.4 AL

FARSC ] Microsoft Excel 2007 1347 faj BAANHH | T
FH SAS 9.2 BRAF A TR 2R Ty 224341, IFH Tukey’s
HSD AT Z ., & ME2E 7K PHL0.05, 1)
BEZFIKFE PELO0.01, R SPSS 19.0 #4117
JLB A B4, Origin 8.0 R4 14 .

2 EREHH

2.1 TAA X fRE THEYHKEFEMENZ I

AT TAA HRPEEALPER , fifER & SR A R 1
L FIRR R 60 mg- L AbIHLE 5 RN, HoAth b 3
5 BEAH HL X T B 35 22 53 (P>0.05) s AR & AR A 1

- RUBBRAE 20 mg- L7 TAA ZbFRR, A 0 3 X
BEFN 60 mg- L~ TAA &b (P<0.05), {HX) B8 5 60 mg-
L7 bR e TC i 2 22 5 (K 1a),

7E 20 mg- L™ TAA Zb3RF , PR 47 i) ff 2 343K
e RAH 5 7E 40 .60 mg- L™ TAA ZbFE T, K- i 2
fief 0 A Lb I BRI, 1 &1 RUR R ZE 60 mg - L™
TAA b3R5 BEAH LG 2 2281 (KT b)) o SRR Ty
ZEAT T A R PRI ) 2 ) AR Rk B =2 (] %
L) () A ) i PR e A W S 352 T (P<0.01) , PR
A& AR XA it E A A e R
2.2 IAA XPHEYIR AR SR

fE 2 mg-L™" As( VAT, 10,20 mg- L™ TAA
EHEINT PR AR K AR P 5 (P<0.05) , R

60 ' (a)
50 A 8 a a "
L a =l= ab
T, = 40F _I_ b ibL;
o c | 7- b — b
£ 2 —
S 2 30f § —
w®E L —
EA 0 —
tof =
0 10 20 40 60 0 10 20 40 60
P NS SREE:A S KU ik
Preris cretica var. nervosa Preris enstformis
A KR AL PR I /mg - 1L
TAA concentrations
201 a (b)
, ek a
s H S Lo
i — ¢ b =4
R g — L—7
ﬁ Z 1of — ) d c —7) c
¥ =N\ = N\
st = =
0 10 20 40 60 0 10 20 40 60
pNUSIHREIE S Sl KU ik

Preris ensiformis

A K AL PR I /mg - 1L

TAA concentrations
& FRAN ] B FOR [l — RN [R] TAA Rh B J32 2 ] 14
ZS R E(P<0.05), FH

Different letters indicate a significant difference(P<0.05) among different

Preris cretica var. nervosa

TAA concentrations within a plant species. The same below
B 1 2mg L' As( V)RMET TAA XHEMIHK S 1492020
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Table 1 Effect of IAA on As concentrations in different parts of
plants under 2 mg- L' As('V ) stress

o TAA LbBvk i & it As concentrations/mg - kg™
LB AR TAA treatment/ 3 & b
Plant part " K38 SRR
mg-L Pteris cretica var. nervosa Pleris ensiformis
A Frond 0 166.08+16.65bA 59.37+11.66bB
10 192.61+9.77abA 82.88+15.17abB
20 215.03+2.076aA 157.72+21.81aB
40 195.84+16.65abA 147.13+65.26aB
60 182.01+26.50abA 84.59+10.79abB
4 Petiole 0 169.93£17.93bA 43.48+2.10bB
10 312.57+55.01aA 82.43+28.31abB
20 323.38+51.12aA 122.80+51.56aB
40 313.43+75.65aA 124.47+22.32aB
60 259.23+25.18abA 93.37+6.27abB
#R Root 0 314.75+24.87aA 150.76+22.94aB
10 336.06+54.21aA 178.81+£16.28aB
20 408.45+42.63aA 185.87+37.27aB
40 381.68+35.76aA 172.45+11.74aB
60 337.96+41.3 aA 161.37+27.65aB

T RPN P REROR [ — R [A]— 7 2 mg- L7 As( V)AL PR
TRARIR] TAA Kb B R 2 8] (4 22 5 (YN 1w ) 3 K5 FREF R R R 42 AR )
A KR AR TR JIE 2 (0] A4 2 S (R o ) 5 ) — B BT v, BEAT ) 2678 22
SR E(P>0.05), FREARIF R 2 5 .3 (P<0.05).

Notes: Different lowercase letters indicate difference in As concentra—
tions among different [AA concentrations within a plant part of each plant
species under 2 mg+ L™ As( V) stress(vertical, P<0.05),and different capi—
tal letters indicate difference in As concentrations between two plants treat—

ed by the same concentration of [AA (horizontal, P<0.05).
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Figure 3 Effects of IAA on oot activities and ATPase activity in root cytoplasmic membrane of plants under 2 mg- L™ As( V) stress



AU %5 BRMA T 30510k Z XA R R SR R AR A5 A B0 S 883

60 1, (@)

a

uf

e}

I
(=]
T

\

[3%)
(=]
T

CAT {5ME/U-¢' FW
The activities of catalase

R R AR

0 10 20 40 60
RIFH 5

Preris cretica var. nervosa

Az KR AL B S /mg - 1!

TAA concentrations

0 10 20 40 60
S KU Bk

Preris ensiformis

(c)

oo}
[
o

S

ab

POD 3EHE/U- ¢ FW

The activities of peroxidase

-

0 10 20 40 60
pNUE ARPUE

Preris cretica var. nervosa

AR FRAL IR /mg - 1!

TAA concentrations

0 10 20 40 60
SRR

Preris enstformis

320r (b)
£ 280t a
= 5 i ]
E £ 240t — :
DU =N r —
*E  200f — §
2% 3 i — ¢ g
&£ Z 160 — b b §
s = 120: :% be -
23 Ry = « L=
n B 80+ — —|
E e — —
40p — —
0 — —

0 10 20 40 60
PAUISI N7

Preris cretica var. nervosa

0 10 20 40 60
S KUK

Preris ensiformis

AR F AR /mg - L

TAA concentrations

o1 (d)

6.0
L a

5.0( _I_Lb'_

4.0

(=9

30 : b ab
20 b

N

e

X

0 10 20 40 60
SRR
Preris enstformis

AR FRAL IR /mg - 1!

TAA concentrations

MDA % &/mmol - g FW
The activities of malondialdehyde

1.01

LT

0 10 20 40 60
R P e

Preris cretica var. nervosa

B4 2mg-L" As( V)BMET TAA SHEMREIBMELEEEMR _B 2N

Figure 4 Effects of IAA on antioxidative enzyme activities and MDA content in roots of plants under 2 mg+ L™ As( V') stress

HIg R 4 82, AT E L, 20 mg- L TAA AbFR i
FUGE TAEY AR BB BRI B
MR, X AT RESE TAA e 4o 2E oAb AT i
TP AR,

Fissler Z8P9%} 0] H 2% (Helianthus annuus ) %5 Tl
10" mol - L' TAA J5, i o0 Pb #11 Zn &5 &1 38 25 190 .
ANRASIN—RE MR 1 TAA J&, RIS i2 T —
TR TAA AR AT TAA TENTSRAR AU 4
JEHE 7 [R] I o B i 1 AE A IR A B G R R RE T AR
WG R I, 20 mg- L™ TAA ¥ 8@ 10 1 WA 4y i
S AR A (H B IR AR O AR
FEPH R AR S RSN T 29.5% R 84.4%, 1fii
R AR ENEAN T 165.7%1 182.4% , 1 Wi Fi i
YA v i 5 1 50 BRAH b3 T g 0 . 3K 1R A=
KEAR T & LAY LR i ) bR A%
Liu ZEBF58 & P, 100 wmol - L7 TAA ZbFE N & 4R
R 5 R (S. alfredii ) A= Z579Hb 138 Pb 1t Lo BEHE

1 59%, il g 4R A= A5 A0 FIRENIE N 1 121.6% .
SE R — 5 A e TAA 35 S IR Y ATPase
TG E, 774 TR s s i AR e s ) — Jy T AT RE
ST E AR A — I, R
IR A AR GE | TR R DX B R A 1 A
AL ERIRTEASE] . T TAA AR TR
AP AR A ] b A% s A HLERIA T i — 2P AR
M RIE TR AR K i — A EE A AR AR, v
WA R A R AR B AT B 0™, AR B,
ANFIREE TAA KPR, PORE ) AR R 05 ) 2 5 1
hn, ARSI A AR B = T XU
R T e vk B AL BT WO A AE ) A AR FR IS ) A (e
7% (A R TR, R BRSO LY TAA VR
A 200 mg - L B, H Z=(Rosa chinensis ) FTEHFEFRAR 5
TG R (73 pg-g'-h™) MR AERKBAF, AT REE TAA
PEHEAM Ao ZFNAERE RS04k, TR AN 2 AR
R IR AR, TR B AR R 15 o
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TE IAA VEATR, AR 9 HS 40 B Ji 5 ATPase
il P SR RN A I R I TAA ] LI A i o
JEF f HY = ATPase™, {fi TAA (%532 finbe o X 48 21
( Nicotiana tabacum ) Fll £ K (Z. mays ) WIBFIE KL, &
PR ABPT 8 38 1 38 5 1) H'—ATPas—
es Z 5 K ZX MMM AL E, T H—ATPases [1]
AN T, 5 S0 B RE A R Ak P gt , DA T fof 200 i
PIRZIK 5 A

TAA B EIIN T Y — ST AL A 5k, LA
AESEMFENE, W CAT 3EPERR A T 1 BR 0
LD B S P A, ARIESE P AN R TAA Kb
R I I EAR H ) CAT A SOD I 14 i & 38,
G RUEBRTE 20~60 mg-L™ TAA ZbFERT SOD 35 1k
I, T CAT 3 P U i 2RI, 1 B R 11 3 i B
ROS (e ] LS RUB KSR . 7SI 20~60 mg- L™ TAA
JE R AR T POD (TR M g, — 7T,
POD A LA G M AR B 7K i Ak 2 5 &
TR AR SN 55— 7 11, POD A LA TAA , (4%
TR TAA LREFSIASEAT, TR, Rt 1 i AR
HHT TAA 75 S 0%8 5 11 POD Y& 1 F s AR 205 Syl
AEAM THEETLZNESE. MR, JMNE IAA £k
AR KU BRAR H POD FTEYE . 7E 2 mg-L7As( V)i
IR RGN TAA B, FH 11 31 BRI S XU ik
Hiy b FBAE Y (e R A ) 4358 1.17.,0.57 g
PR, H B 543 )8 336.01,102.85 mg-kg™, K
- T R LR N 19.66% , 81 IH- JRUR Bk i 25 B
AN 2.93% (e BEAEAP 18K o AR, IR 20 mg-
L7 TAA J5, R3O B AG mt KUR g 3
Wyt (AR T2 ) 43 3G 2 1.57,1.03 g- #k, H:
My B AL 0 B4 2 538.41,280.52 mg kg, i
PRI L R R R 42.27%, S RUR Bk
HEZE 14.45% S50 TAA FHE , PIRRRE A A 22 Bk
RPN T 22.61%H1 11.52%, Pt TAA [N
(PR R I I T XA ) 5B, AER o 1 3 R
TITEE R B2, — A A A G S R e A 4
JE& SR A MY R R, TR Y
T HERARAR ARG SR SR, v] D Rt 3
FERITAA , LLIR SIAF A AR 4 et R 2 a5 it 1) At

4 gip

(1)20 mg-L™" iy TAA 42b B feff 05 AR 4 1) A= ) i
EE ) INCI NG SIS NFURLY S ESTPA N R i
ATPase B LR 7 FIIHAR 35 5 18 25 3 I F

RAIMERZFFH ERRE T IR
T KUK o

(2)20~60 mg- L' TAA KbFRTR, Kt O BAR
HE) CAT . SOD F1 POD iV 2514, i &1 i XU ik
FREP ) CAT 15V i 25 FAIK, SOD I M i 35 i, POD
EPENTC R 27254k, 20~40 mg- L7 TAA AbFRF , i Fh
TR Y MDA & 5 2 A, BRI B g
FARTEIH KU -

(3) KM FIFAR rh i & i SAR R G ) B 2
TEAHDG, M& e RURB BRAR rh i 5 1 5 458 e ook .
I CRAFH S AR R TG 1A BT KM D i s
£EAH

Bt : OB R T TR PR R 5 TR e B 2L
PG i (B S
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