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Impact of high concentrations of heavy metals in agricultural soil on heavy metals accumulation and physiolog—
ical characteristics of rice( Oryza sativa L.) in karst areas in Guangxi, China

CHANG Kai—xuan'?, YE Li-li'%, CHEN Yong-shan®, JIANG Jin—ping'*

(1.Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004, Chi—
na; 2.Guangxi Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin 541004, China; 3.School of
Resources and Environmental Science, Quanzhou Normal University, Quanzhou 362000, China )

Abstract: A pot experiment was conducted to evaluate the impact of multiple heavy metals stress on the growth of rice plants in agricultural
soil of karst areas. The influence of different levels of heavy metals pollution in agricultural soil was investigated with respect to plant height
and biomass, heavy metals accumulation in rice plants, and physiological parameters, including the activities of superoxide dismutase (SOD )
and peroxidase (POD ), and the contents of chlorophyll (Chl) and malondialdehyde (MDA ). The results showed that the plant height and
biomass of rice were significantly (P<0.05) reduced with an increase of the pollution load index (PLI), and the rice plant gradually died
at an early stage when the PLI was 5.96. Compared with controls(no pollution), the plant height of rice in treatments I to V was re—

duced by 32.79%, 30.99%, 69.14%, 73.55%, and 63.40%, and the above—ground biomass was reduced by 42.89%, 37.77%, 93.44%,
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79.98%, and 85.88%, respectively. Both the plant height and biomass showed significant differences among the five treatments ( P<0.05 ).

The concentrations of heavy metals in the below—ground part of the rice plants were higher than those in the above—ground parts. The accu—

mulation levels of heavy metals were in the order of Zn>Cd>Pb>Hg>As, whereas the bioaccumulation coefficients(BCF) were in the order of

Cd>Hg>Zn>As>Pb. Significantly positive correlations were found between PLI and POD, SOD, and MDA in the leaves. However, PLI was
negatively correlated with the Chl content. The maximum level of SOD was 235.02 U-g™ FW at PLI=4.36, and the maximum levels of POD
and MDA were 155.54 U-g™' FW and 41.48 nmol - g™ FW, respectively, at PLI=5.96. Damage to rice caused by multiple metals pollution in

the soil could be reduced through the antioxidant enzyme system, but the pollution nevertheless caused gradual death when the PLI was too

high to allow for rice growth.

Keywords: karst; multiple heavy metals pollution; rice( Oryza sativa L. ); heavy metals accumulation; plant enzyme activity
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Table 1 Physicochemical properties of soil

hb3p FRHRJE pH [H s 554kt (CEC )/emol kg™ HHlik/g kg /g kg
CK 5.68+0.07bc 13.41+0.06b 15.17+0.16b 1.27+0.10bc
| 5.94+0.02a 7.52+0.10e 12.46+0.54¢ 1.09+0.04cd
I 5.77+0.02b 7.12+0.06f 12.85+0.60c 1.02+0.16¢d
Il| 5.74+0.06b 14.16+0.16a 12.63+0.35¢ 0.89+0.12d
v 5.80+0.04b 10.38+0.06d 17.83+0.42a 1.59+0.07a
A4 5.59+0.04¢ 12.03+0.02¢ 16.08+0.40b 1.67+0.02a
VI 5.74+0.03b 11.98+0.11¢c 16.00+0.14b 1.44+0.01ab

T : RS R NG PR R A B E] 25 5 B35 (P<0.05) . T 1A,

Note: The different lowercase letters of a column indicate significant difference among treatments at P<0.05 level , respectively. The same below.
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Table 2 Concentration of heavy metals in the soil

gL Ph/mg kg™ Zn/mg-kg™ Cd/mg-kg™ As/mg kg™ He/mg kg A5 YL AR £ (PLL) TS YA

FRUE(E 250 200 0.3 0.3
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Figure 1 Fractions of heavy metals in soils
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The different capital letters indicate significant difference between aboveground and underground at P<0.05; The lowercase letters indicate

significant difference among treatments in the same part at P<0.05 level, respectively. The same as below.
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Figure 2 Contents of heavy metals in the rice plant
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Figure 3 Rice plant height and biomass after 67 days of growth
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KRR RGN GRS bR R 5 X CK fA7E B3
Z5(P<0.05),
24 TEZEEE AT KBEENZM
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115.99%, I 2 = T HAh AR BE(P<0.05 ) .
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EEJRIEAT, KR SOD &M Je Tt Ja B
i, POD FEPER TR (& 5), S5XTHR CK A, &b
P T 1 SOD JEMABITHE T 47.85%F1 36.88% , POD
TEPE BITFES T 39.12%F0 26.71% ,{H 22 57 R 353
FOK; 558 CK M EE, A I~ VIK &G SOD i 1
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POD 3§ 43 M FF 85 T 107.48% .99.36% 122.94% Fl
296.26%., ACFRIV KRG F SOD y PRk, ik 235.02
U-g™ FW, Tfif b2 VIZKAF 0t 7 POD i P e K, 35
155.54 U-g' FW,
2.4.3 J5Ye i g6 50 PLL 5K R AR K M AR BRAE AR 1Y
Pearson AH5& 44317
g Pearson MOCHEAHT (3£ 3), PLI S5 /KFE#E =

MR A SE(P<0.01), S b A=) 52 3 A
K(P<0.05), SHb T AY &R A, PLI S Chl & &
A, 5 SOD IE M MDA £ 2 E A (HAE G
AR E . POD {EVES PLI K& Zn $RBGS 2 R4 1E
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B 4 KFEEHI(20 d)FF Chl 71 MDA (&£
Table 4 Contents of Chl and MDA of rice leaves at seedling stage(20 days )
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Table 5 Activities of SOD and POD of rice leaves at seedling stage(20 days )
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Table 3 Correlation analysis between heavy metals contents and PLI and physiological parameters of rice

i H PR A R AR Chl £t MDA %%t POD &4 SOD
Ph S -0.825% -0.758 -0.632 -0.499 0.394 0.790%* 0.457
Zn JBEGS -0.917%* -0.926%%* -0.792 -0.687 0.692 0.979%* 0.184
Cd I —0.957%* —0.927#% -0.804 -0.734 0.471 0.733 0.662
As FREUS -0.419 -0.365 -0.411 -0.414 0.485 0.640 0.138
Hg $2 A -0.121 -0.152 -0.115 -0.158 -0.027 -0.328 0.198

PLI —0.945% -0.911% -0.759 -0.682 0.577 0.915%* 0.418

T AR R IR IS & S RRRIGS TR SRR A . * FOR B (P<0.05), ** FORM B FHI K (P<0.01). T,

Note : Heavy metals extraction fraction including acid extraction, reducible and oxidizable fraction. * indicates significant correlation at P<0.05 level,

** indicates significant correlation at P<0.01 level. The same below.

XK (P<0.01), 5H 4 & Pb HRIUS 2 B 2 1EA 5 (P<
0.05). Pb.Zn $EHES 5 /K Rk iy 5 25 R OGP (P<
0.05),Zn.Cd 2B 5 Hb b A= Py i S A I 2 10 4H 56
P (P<0.01),
244 +HCES RIS 2ot 1 IH 53 Hr

Z ol a5 R ANk 4 R, Zn A SEHUESXT
JKAF I R Chl & 2 B i 44 s Cd AT 48 U XF
/KRG MDA 7 5 \POD J& MR B IHIMER . Zn Hg.
As AIERBGEX K AEI i MDA 55 POD & PER B
DMELEIEVERT, XK AE R - SOD TP R P[]
HI/EFH (P<0.05) .

3 g

3.1 & EEATEINKBEKRKESENZM
4 A R AR AR, TR S
S8 ELAEE A, KR 4 R B A TEAR R U2 i BE
HE A AR, S E A R fEAR T R E KT
i BRSPS oK, BE PLL RGN,
FKAE B 4 S R i, JEHEXT Zn (Cd AT Pb A5 — 22
By BRI . KRR Cd W R %2 2 3 3l iy ad
&, KB5S Zn Pb ¥ B2k 100 wmol L™ [, /K Fi4)p
i Zn . Pb 1 243 5|55 4635 mg-kg™ DW F1 5501

mg-kg™ DW, H. Zn (FR R80T Ph, ASC 4
Zn WPE L T Ph, JKAEXS Zn RAE K BCF & T
Ph, HA A0 PR R AR IR H 45 Ja 5 fak i 9 4 R 4R X
ASHRPERE RGP e 4 R 5 A T TR
SR, ST AR —E X As Hg 1fil
LA T As Hg We BRI B R AU
32 ZeRBEATEMNKBERK M

H R AR A, S S L e E P
MFAELS & S R E A PR LFTR, E5U T
LERIUUE B AN, T A A AR , B AR
MY A SRR A R S A ARE
FHEOIE T R AR, BEA R U T
i, HOE I A R AR R 2 A R . AR
ST LR R W] P 3 Pb AE 0~2000 mg kg™
I, KRR A K ICH] RS2, Pb B PEAA7E e , (5
Zn FREIA 201 mg-kg™ IF, X KR AR G A B
WA o Bl e 5 B, BEVESE R, Pb Zn (As \Cd
Ha BRI EE Y. AFREAR R E2 8
R AT YA B PLL BN, KRS Wk i A0 2 4
P, ETABEE S R — 2, 2 PLI>3.0, 258
S G TR KRR BT o, ) LR A 52 3™
R AR TR R AR R R T . TEAR R

* 4 E€BRISEKEEEERNS L& ERAN R

Table 4 Multivariate regression analysis between concentration of heavy metals and physiological index of rice

(RIS =[5 7Y e STHCIN = 8 F i3 BEKF PE
Chl && ¥=3.334+0.005X ,-0.002X +0.655X +0.464X, 4.671 0.184
MDA ¥ &t Y=-24.442+0.024X ,~6.745X +27.538X +217.755X 5 25.305* 0.038
SOD i Y=219.168-0.129X ,+62.261 X-112.626X,-593.015X 5 141.651* 0.007
POD J Y=-4.363+0.099X,-7.149X 1+16.632X ;+193.125X; 194.394 0.005

TE:Y A3 Chl & it MDA it SOD {1 POD 11 X1 Xo X5 X X5 43 BR3P Pb Zn Cd  As Hg $2IRE
Note: Y indicates content of Chl and MDA, and activities of SOD and POD; X, X, X5, X4, X indicate extraction fraction of Pb,Zn,Cd, As and Hg in the

soil.
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RAIMERF 2R R RS

I A K R 7 P A BE T AT BB A2 PR T 38 75 40 i 1K 17 o
T KFEXT 4 @ BRI . 2 PLI A 5.96 i), &
SR AT Y R MEVE TR, Bl A 51 4 JR AR K AR AR
WINFRLER KR R GEER RS T, iR Jn S 80
PRAEFT S sRE 28T
33 £&BEATTEIIKBEEERNIM

Mg R IR DA ERIM F AR, HEE
B AR AT DA B AR DG S VE TR R 55, T LAE Ry
4B A T A K I AR BRY . T4 TR KR
TR RS B AT RE S I i -2 R R A [ A
M) 2 R Bl SR 1) B B, 1T (A 2 2 B T R,
o A Y ROS IR 32 22 AT K PLI 3
K KFEM b4 R 5 R R, R B A DG
R, 5T AR AR 3

FEYIAEEE T 257 A R 05+ (H,0, 55 ROS,
HYIPTEALREG R S b 1) SOD BERS AL (A P14 Py O -
A= W HL0,, 1 POD BEAE I B A 0 7K P9 1Y) HLO0,, 2K
B b X A A S % A AR A 5 L, SOD \POD i 4 K
JNATDUIVE T AL RE F15R 55 A FE AR, 1259 ROS fE
% 5 00 200 A S (8 AN 0 i 7 R A 5 4
FEAEF=4: MDA, AT LA WoAs ) 40 i s A 1o 401k
FERE, RV B SZ SRR A AR AR5, 48 Pb ¥k
J& 4 500~1800 mg-kg™ B, fH4) SOD BEE M 1 7+,
+ 33 Cd ¥ N 6.01 mg-kg™ B X 7K FF A SOD i 14
A AL VEE R, Zn JE R W) BT 475 MR G K, Zn fE
i Cd XHEM R FAVE M H Zn @Bl — @ Ve FE I
X RE ) 22 B0 BEPEAR =2, ABF5EH B PLI 3%
R, KFEN Fr SOD T M5k K5 /b, b 7E PLIL R
4.36 i, KAE T T - SOD 1E PRI K, BGE A /K R4 i
MR ABEE KA AE KR B X E 48 R, 4 BE
WK RE MR = AR A B 2 BRI A AR T KA
Az PLI<1.95 B, A i B 2B W st Pl R A5 L i
HKFEM A o B TS YL Ab 3 A v KA 23 BEI 2 ™
FHZ RN EMEN N E S S RS REARK AR K
PR, A SRR T ARG R T 2 A E
& JR K RSy v 1 K A BER 2 T T PLI<1.95
T, H A Jm R KRS KR B A T, R A A
I A AR 5T o AR B VI -3 Zn SRBCSHOE 5
1 511.64 mg-kg™, B /E AT 74 Ky 0s - ffi 15
SOD I 4 f ZE BEAR , (EATh i T X BE A, 3 5 M S
IR AT —5. AL BR VI SOD % M i B AR, (45
H,0, & 5 3% fin 4 #4055 , POD 3 4 47 2 1 K
B, IX 5 Wang PN IF ST 45 A4 — 3. BNk EE 1Y

T 42 P8 X KRR B A 2ok S A S N S /)N, Bl PLI
WK K MDA & it EF ARFRIV OV i & AR,
AT RE R R TG T ) SOD T BR T K i) ROS®, 4b 2 VI
JKAE MDA & =B W3, — v e 2 THEER
Jolp e A FBG S, R ) Oy - it % AR BB 3 48Pk
;BT P2 AR KR i MDA, 55—y T A] RE & K R A i)
(1) POD {5 , 53 H,0, 43 7™ A= 8 2 (1) - OH-, JinJi)
PR i A AR B, (EMDA 5 53 hn=", 15 B KR X
Sl ny BRI RE A —E PR . PLI=4.43 B,
AL 4 JE RIS R B | LRIk 50% L |, W]
AR BOR A e AR, AlaEsE Ph Zn (Cd B4
IEL7/b O i e Sty 5 -2

4 ZEig

(1) 4= 5875 Ye 1A far 15 20 (PLID) 5 /K A bk s 24 d
FHHARNE(P<0.01), S/KFEHL_ AR Yy 5t B 5 AR
KAk (P<0.05), PLI 5 MDA #1SOD 2 iFMHX KR,
5 POD 2 W2 IEACC R o Bl 145 PLI 3T, /KR
W EE 4 Ja S i N, KA X E A T W IR I B AR
ROV, H 4 AR 3R S A TR AR, S P E A SR 5
iz 280 BCF<1, A5, 5675 8 b 3R (25 i) (HOKREA)
XZn .Cd .Pb H—E LR,

(2)BE PLI HE A, KA 3550 A K A2 RIVE R
PLI<4.36 I}, /K A& 1 1 A SOD . POD &4 K, /K
AT LUOE R A HBE S KR AR R DA SO E 4 T 11
ANWTRR R, o BE A K R A 4 sz BB, i >4 1
15 YLt T FE 4L PLI=4.43 B, JKFgF /- SOD Jifi 14 %
I, Chl &8 R R, K ARl i A K A
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