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Effects of the combined application of indole acetic acid and kinetin on the arsenic extraction efficiency of soil

after planting Pteris vittata

WU Dong—mo, WANG Hong—bin", WANG Hai—juan, WANG Zhong—zhen, CAT Wen—chang

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China)
Abstract: The objective of this study is to examine the effects of the combined use of indole acetic acid (IAA) and kinetin(KT) on the arse-
nic (As) extraction efficiency of the As hyperaccumulator Pteris vittata. The orthogonal pot experiments were designed with two factors and
four levels, using soil containing 55 mg-kg™ of As. IAA (0, 25, 50, 100 mg-L™") and KT (0, 20, 40, 60 mg- L") were applied to leaves, and
the optimized dosages of the two plant hormones to achieve the highest As extraction efficiency in P. vittata were identified. Meanwhile, the
related physiological and biochemical mechanisms were also explored. The results showed that among 16 different combinations of IAA and
KT, the highest As extraction efficiency in P. vittata (up to 6.49%) was observed following the combined application of 25 mg- L™ TAA and
20 mg+ L' KT. Under this optimized condition, the height and dry weight of P. vittata were significantly higher than those in other treat-
ments, including those where the plant hormones were absent or applied individually. After the two plant hormones were applied, the plant
root morphology was effectively improved, and the root activity, content of photosynthetic pigments, and frond peroxidase (POD) activity

were also significantly increased. The content of malondialdehyde (MDA ), a peroxidation product of membrane lipids, was significantly re-
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duced. Correlation analysis demonstrated the best As extraction efficiency of P. vittata due to the combined application of 25 mg+ L™ TAA

and 20 mg + L' KT could be attributed to the fact that the foliar—applied plant hormones significantly improved the above —ground dry

weight, root length, root activity, photosynthetic pigment content, and frond POD activity in P. vittata.

Keywords:indole acetic acid; kinetin; Pteris vittata; arsenic; physiological and biochemical properties
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Table 1 Basic physical and chemical properties of soil (n=4)

LN/ 2P/ MK ENUR BTSSR G it /mg - kg
Ifjﬁ pH{E -1 -1 -1 -1 -1 C/N
g-kg g-kg gkg g-kg emol -kg™ (+) Cu 7n Ph cd As
SEXME 730 3.46 1.50 0.29 76.2 27.76 20.2 1712 99.4 24.8 0.4 5.4
WEZE 0.06 0.10 0.05 0.02 2.8 0.20 1.3 8.9 2.6 0.5 0.004 0.1
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Table 2 Orthogonal design of experiment
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14 4 2
15 4 3
16 4 4
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The meaning of numbers is shown in Table 2, which is corresponded to the IAA and KT concentrations. The results are mean + SE(n=4). The different

letters in the figure indicate that the plant height or dry weight has significant difference (P<0.05) among different treatments. The same below

B 1 REREIAAFKTE S EANIRRERS T RENZI
Figure 1 Effects of IAA and KT with combined application on plant height and dry weight of P. vittata
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Figure 2 Effects of IAA and KT with combined application on As uptake and extraction efficiency of P. vittata
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3 IAAFKTE A A TIRIAE As BESRHHE
Table 3 Arsenic accumulation by P. vittata with IAA and KT

combined application

Qb P HERE iz 78
1 24.85+2.43(g 6.63+1.22a
2 21.88+0.60g 1.39+0.12d
3 24.57£1.91fg 1.32+0.12d
4 27.11£0.7lefg 1.37+£0.07d
5 34.03+2.24bcdef 2.33+0.11bcd
6 29.13+1.66c¢defg 1.50+0.07cd
7 23.53+2.32fg 2.43+0.29bcd
8 31.17£1.89bcdefg 1.94+0.10bcd
9 40.13+2.57abc 3.61+0.17b
10 29.32+2.18cdefg 1.86+0.19bcd
11 37.15+2.06abcde 3.51+0.50bc
12 41.84+0.75ab 2.89+0.22bcd
13 47.94+3.32a 3.48+0.36bc
14 27.55+2.37defg 1.96+0.15bcd
15 38.91+2.78abcd 3.60+0.58b
16 30.89+1.40bcdefg 1.91+0.10bcd

e RAH (P<0.05)
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2.2.4 WREA R il R A AT VA Y ARk
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Figure 3 Plant height and dry weight of P. vittata under optimum

matching of plant hormones

A, B KT Ab FH N TAA+KT A FR {5 i i 55 1 ] 5
PR S B CK ORI B0 TAA 42b B 3 35 14 i (P<0.05,
K 5B).
2.2.5 WAL B S A B PR RN S AR Ak
55 CKAH Eb , B — 8 28 b R 5 0 B v SOD 3%
P B 2 5 (P<0.05, I 6A) ,fH TAA+KT Zb H I 55 CK
TR EES . BT K CAT 16 PE7E M TAA 534
ZEAAH T 5 CK A H 2 3 F% 4% (P<0.05, &1 6B) ,
{H7E KT A PR R 5 CK C R 22 5% . POD TG M 7E
TAA+KT &b P 42 o Ath 4b B8 25 48 & (P<0.05, &
6C) o MAHMEARNR it S Ak ) MDA (£ JAE U |, L
3 A il FH (0 w8 A R B MDA 5 o B 3 R AR (P<
0.05, &1 6D) , MH— R A FRN 5 CK o i 2 25 7 .

R4 HERERETRVETFXAEGREERSE

Table 4 Contents of photosynthetic pigments in fronds of P. vittata under optimum matching of plant hormones

il 4% % a/mg- g™ 2% %K b/mg- ¢! K N Eimg- g 4 K a+b/mg- ¢! 23 % a/b
CK 1.58+0.19h 0.67+0.08¢ 0.30+0.03b 2.25+0.27h 2.36+0.02a
TAA 1.92+0.19ab 0.81+0.08b 0.37+0.04ab 2.72+0.27ab 2.37+0.03a
KT 2.04+0.26ab 0.84+0.09h 0.42+0.05ab 2.87+0.35ab 2.42+0.06a

TAA+KT 2.39+0.07a 0.97+0.02a 0.48+0.01a 3.37+£0.09a 2.47+0.02a
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Figure 4 Root morphology and root activity of P. vittata under optimum matching of plant hormones
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Figure 5 Contents of proline and soluble sugar in fronds of P. vittata under optimum matching of plant hormones
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Figure 6 Activities of antioxidative enzymes and MDA content in fronds of P. vittata under optimum matching of plant hormones

RS BEREMLE TERIAEI As BRI

Table 5 Arsenic uptake by P. vittata under optimum matching of plant hormones

b7 BT As ik /mg - kg HUF R As ik /mg - kg GEES LSEES Y As TEUICH 1%
CK 905.52+10.75b 366.74+6.44a 18.11+0.22b 3.04+0.36b 1.96¢
IAA 909.01+3.05b 389.40+7.91a 18.18+0.07b 2.94+0.70b 1.78¢
KT 1011.16+22.46a 302.96+10.15b 20.22+0.54a 3.75+0.86a 2.24b
TAA+KT 900.16+0.71b 279.49+3.79h 18.00+0.02b 3.33+0.70ab 3.3la
701 r
> | B
. 60 a a b b Tep
) E: T s : AT a a a
3o S0 gL a T I T
E E ool T I !
og 407 &1 1
< ol E
2 30 @ ol
3 =
m 20[ g
1o} BT
-+
0 0
CK IAA KT IAA+KT CK TAA KT TAA+KT
AR R AL B ENGiE7E e hse
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Figure 7 Total and bioavailable As contents in soil after planting P. vittata under optimum matching of plant hormones
3 i ST R A ) R A S WA LA S R

3.1 BEAHERIAAFKT g8 B Z IR SR E As IREY

£

A WEFE R, SMIRAE Y E A TAA 3 KT A9 v H

J 38 S SO AR P A KA AR R JRDIR B0 A4 AT &K
TR, SR X e BT T MR R — R
MR o BB Y R Z 1814 58 R (Cross
talking ) , 32 8] (14 (5118142 35 AL 194 A B0, TR Ik
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RO MEREMIL TIRINE A RRBBI RS Z AR E W ISIRZ BB Pearson 18X R EL

Table 6 Pearson correlation coefficients between As extraction efficiency of P. vittata and physiological and biochemical indexes

. HEFRS MR . RS HBRRY " i , 2R a
. = - | . /> H Y
T H As Al As it M T TR R N MRFEIHF RS P
AsIRBURE 0213 -0.290 0.359 0.6947 0.590% 0.355 0.383 0.752% 0.552%
52 S VA
WiH H*f’f b *”EEE' ® 2R ath Mg Rab AR = ”ﬁfﬁ’% SOD{EM:  PODIETE  CATIETE MDA &4
i HL i HL 4 HL
AsIRBUECR  0.522% 0.561% 0.546% 0.564% -0.252 0.319 -0.175 0.506* -0.425 -0.465

T+ R AR 3 (P<0.05) 3+ m M ML B3 (P<0.01)

Note: * indicates significant correlation(P<0.05) ;** indicates extremely significant correlation (P<0.01).

I PR 40 0 2 i v AL B 4 s ORI D Sy R T
R PR . R 1 I YR IE , 15 mg - L
IAA 5100 mg- L7 R 8 2% (GA) 8 40 mg- L™ 6-BA JX
A Ve AT B )3 AL =% Cd A BR B, (B4 As A B
ST R B Z Y . ASHIESE 16 Rl [ TAA A1 KT
e 44,25 mg- L7 TAA #1120 mg- L KT B4 it
o 5% A R R o S i (L L AR 3)  FE A
2 A5 As SR EUSCR K5 6.49% (K 2B) o iX B
R e R WA R I As R IR AR BT A it T
E—MEAF RN ERE . RARAHTRZESHEY E
& B PEBCCRE R ik FERE S INEAR e =
Jfie P4 2 1% (EDTA ) 5 I3 hn -+ 38 5 4 A 3 & it
{HFR T EDTA 23Xt WA R i i 3 , s Ak 4
it 2 BE IR R TR R B i 2 T 0 PR KU
32 BEEMAIAFKTRBUBEEWR ZEESM
REFEN

FERE A S AR T AR A]— T 2B B S AR AN 2 32
B — PR MR 2RI E A BRI ZE A . AUX
A CTK 38 2 42 S A Py AR & 55 01 H B AR A
A A Ao R R AR A T A A W T A A R
PERO ARSI R, 5ARE I A n—F
R, BCA U IN IAA FIKT )5 MY BB S22 46
WA RSB e IR A 0K, 34 0 4 in (P<
0.05) ¥4 i 2 (FE 4) . X ] B2 th AR B 1Y
AUX AJ DUAE 2 85 B i A 4 At A2 43 224 DA R AR i
A E ML B, T CTK A 40 i 5 4 73 224 40 4™
K, HIEGEN 3 . WIRR I AP R B R0PE
TP hicE THYINAEKE T W REER LR 5
M A= ) RE %) e #5 , MRAS HRJQB5ORNAR 2R 11 AR ) 2
A TR RS g (E4D) MY T E A B
M (& 3B) , AT R T AR XT As (W0 s 4R
MR IE ISR Y A K B A B R bR 2 — |, v] S e
PR SR FE SR T B L e A G DA R SR A
W JFAARBR TR ARSI, TEIREEMNE T, &Ik Al iz ik

AR 19 A R AgOH i B NPT a0 R P JRATT S i ) F
FELE SR B TAA B TS IR (o R He 11 30 55 (Preris
cretica var. nervosa)%?%ﬁ%ﬂ@*ﬁ%?ﬁjj ,iﬁﬁﬁﬁﬂﬁ?
Hi w4 A,
33 BAMAINMKTERENIREEILERES
E BERATEE AT SN EEENE

W E, AUX R IEHE M SR 1 S A 0 2 Ak s 7]
b, I i R AR A 3 B S5 CTK -t v ) 38 it A= St
PRB I ZRAR A AR (R o i S AR S F R 2 R G
AR ANIR RN TAA B KT 1 32 s A 9 A e DG
GRS ORI Y OEA R, T E 4R
Jolr 38 S B A PO A DI BE T B0, Ak BiFSY 3R
W, A ) 32 B 4 J B8 B i i ABA/CTK LB d 3251
T, CTK 25 i i 2 B A, =5 /KK B9 ABA Bl fiE 4 <AL
TFIEFIZEBEVEFH 1 TAA F1 CTK A2 S ALIT 4R
ABAF R ALCHAP, A5 B, TAA FTKT 5
FERLEE T BRIA RS B R (4R a M4 R b 2K
BN SR ERS (RS WL, AsAFEF ,IAA
FVKT B BCA it in o] BEAH b 2R — 3 s G 1 TR
PRI O 3 S ABA BFEBUAE T, 4R
YA IFZE AR, DAAER I 5 A KA RE
I AR VERE P A AT As B HRER

I 24 R AT U B AT A SR s 0B R RN T TR AR
(ROS) ¥ B 731 A Of- 47 241 it 4 2 76 4 g JBlh 308 45 F 1y 4t
o AN IR 2 R S B i A R AN T v
P& ™, FEREEE T YR AR R A K
SR e EEAE Y, Singh A1 Prasad®'Wf 55 &
P, Cd Jia R AN N KT BE 52 588 0536 1 (Solanum
melongena) #1124 R 7% & o AW R, LB TAA
AKT B B 25 2 5 VS I, W8 a5 I e iy 20 7 38
NP TR IR T R TAA Bk b B 8 i 2 (1A
5A). FEHEPR . — )y T TAA BERSINAR PR 42 Ha0, 1Y
R, B il s R K B A A TR ROS; 53—
Ji T TAA R4 R As 38 FAEY AR 2R 36 0T, NI AT
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FITFAEPINT As FWSCRI & 42, Kt As i AR A
J& FEP IR 2R B — R NPTHELE], I 28R 1A K
fHZB BTG Z — o SR, & F TAA FIKT 244
Y3z As 38 B 5 il 2R A B A R A A AL
T HARGE RS IR T B — B IRAEIE . A,
KT AZbFEFTTAA+KT 4b PR 25 38 5 1 MR b 70 {o ]
EPERE & & (BISB) o X W] RBJZ AN CTK 7615 T 41 i
BERCAL T RIE S, 2 38 360k RS S5 Sl E
SR, A SRR TS AL TE A B A VE R i JE A
FEEP, Ak, B KT AR BEAT TAA+KT 40 B 35 38
PRIAEE IR 2 b & i (R 4) , 4R S A P 6 B 30K
PRV A AT

AUX F1 CTK BE$2 = — 4T SUIL G 9 16 M BRAIK
TEHEAE, UM E SRR . HINECAaT,
10 pmol - L™ KT &L H i 551 7 % i SOD .CAT #1 POD i
PR E I, Ho0, R MDA 55 5 5838 AR, ] pk 4
W R, AN 0.2 mg- L' TAA 5% 6-BA fit i & 2 7 4<F
SR SOD IE M. AWFFE AR I T I 25 R,
TAA FI KT A HC A it P 5 A B0 - POD 3 1 i 5 448
Jn(E 6C) , MDA & 2 &2 & FE AL (K 6D) . POD —J7
T 38 28 78 5 T T EUOKOF AR Ha0. B W B S 1 A% A
AR RN S5 —J7 1T, POD X TAA 76 1A 1 B9 43
AR R —E M. 2 IAA S EMYIE,
BCEAR P A 2500 TA A SAb, s mg| e 2, i S AL i
FITAA-POD Jf 454,
34 BEHBAINMKIRERBERSIRME AR
BHE B T IEENSASEELREYM

HEBIA T Y28 i R ik A AR
RO 1 A R 2 5, DT 2 10 T 42 S 1 2B )
AR, VAT R A 25, B R 200058
T, 53 As 8 & B AE YU L 15K (Nephrolepis exal-
tata) FH LY, BRWA B AR R BE 43 W0 BT 22 )V A 1k A B
TR R RV LA B 8 v AR B 38 1) pH (B, T A
FF 5 As (TG AL o PRI, 7 M8 A R AR 2R R M A0 A
B As FEAWIE L As I OU T, iz Rk s )4 (1
A R RIS R AT R A RS As It
BEEZS (KB . YR, EAHRPRANH
NaH,PO. 232 A RS As , 4 I T 3k — 25 U 4 Bk
Sy HTHE 210 As TR A4S S FLRf R (8] 9 sl A A5 4k

HH LE S I Ab 700 45 52 2 A A 4R USRI B R T
B TAA VKT B #et FH T A, 5 Bl o Wi i, -
ik AR S 07 R AR ) A PN 0 e, vk 8 Jo i G 1 TS
Wi o T A WF S R B, W CTK 7E 2 S i Y 4 R

16 52 550% 1) [ B 340 i S 20 /0 EDTA 5 | 1) 32 I8
PR, DT R AR 2 4 s abk v g U™ e 4h , B I B
SEPS3E 1 H )R, B FEBEIE AT 58.0~67.7 mg-kg™ As
15 Y A Y E AR R0, 25 5 R BRI AR MR A 7L
TA A G ATt I RE 4 Xk B8 41 Rt % & 200 kg - hm™
(R Kb PR A6 5 R A 135 2.31% 1 7.84% . TTASHIESE
W TAA R KT e & it FH R SR8 B AE 1S I As S
BORMEIRB] T 3.31% (K 5) . HNIL, il A it A9
FALHERTY) 4 SR BCBCR BB A B T 2 080 .
AR NAAE R SRR B At ROR W] g
fE. FREULHIA R, i A S AR T % 8 2R 5
5, HSPR R T fE R A TR . i TR IR
(R 52 =, 3 2o A it FH I ORI 1 1B B2 As 15
e L3 7 AT S — 2k, A e S AR A
Jits PR B) AR R AR S5 . IR b  ARBF SR AN K2 B As
5 G - N FHAR P R R A IS S BOR i 2 1
B As TS YSIE T IS R 2 R R, H AsTRAATE
AARZS , DRI U]t 2 A i o7 12 K 1) A A
Mo

4 it

(1)TAA FKT (4 Be & it o7 A 30 0e iF 8 & 2l
Pz BPE A IR As RBUHCR . R As
RSN A2 E A 25 mg- LT TAA FI
20 mg - L7 KT i 05 0 25 As 45 BUROR /) 5, ik 5
6.49%.

(2) % R F AT b B 5 R A B As $2 USR5
DR 2 P B T AR e R R R AR
R EEOESEMPOD M, As HEBUSCR Hix
SEFSBR A A . BRIL, PRERE i b A
O RRE T OB GRS B POD IS A B Tt i
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