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Effect of Cr( VI) Stress on Growth of Three Herbaceous Plants and Their Cr

Uptake

WANG Ai-yun', HUANG Shan-shan', ZHONG Guo-feng’, XU Gang-biao', LIU Zhi-xiang' ,SHEN Xiang-bao'
(1. College of Life Science and Technology, Central South University of Forestry and Technology, Changsha 410004, China;
2. Kunshan Zhongyu Landscape Engineering Co. Ltd. , Kunshan 512300, China)

Abstract: In order to elucidate the toxic mechanisms of Trifolium repens, Festuca arundinacea and Medicago sativa under chromium
[Cr (VI)] stress, provide a theoretic foundation for phytoremediation of Cr-contaminated soil, pot experiment was conducted to
investigate the effects of Cr( VI) on plant growth, physiological characteristics, Cr accumulation and distribution in three herbaceous
plants. Soil sample was treated by adding K,Cr,0, with the Cr( VI) concentration of 0, 100, 200, 300 and 400 mg-kg™',
respectively. The results indicated that the average tolerance indices of T. repens, F. arundinacea and M. sativa were 62.5, 48. 3 and
36. 33, respectively. Compared with control group, contents of chlorophyll, the activity of superoxide dismutase(SOD) and peroxidase
(POD) were 57.14% , 51.51% , 35.76% and 63.27% , 52.96% , 41.36% in T. repens, and F. arundinacea ,respectively,but M.
sativa died in 400 mg-kg ™" Cr( VI) treatment. The plant height, root length, dry mass of roots and shoots decreased under Cr( VI)
stress in three herbaceous plants, and M. sativa > F. arundinacea > T. repens, however, the content of malonyldialdehyde ( MDA)
increased compared to the control ,and the variation range of M. sativa was the highest, while T. repens was the smallest among them.
The tolerance of Cr( VI) was T. repens > F. arundinacea > M. sativa. Cr mainly distributed in cell wall and then in the cytoplasm,and
less distributed in the mitochondrion and chloroplast in leaves of three herbaceous plants, whereas the content of chlorophyll, MDA the
activity of SOD and POD correlated well with Cr accumulation in the mitochondrion and chloroplast. Cr concentration in the subcellular
of leaves increased with the adding Cr( VI) concentration,and M. sativa > F. arundinacea > T. repens. In comparison with T. repens,
F. arundinacea, Cr concentration in the leaves of M. sativa was the maximal, i. e. 51.44 mg-kg™', and the proportions in the
mitochondrion(18. 04% ) and chloroplast(19.09% ) were also higher in 300 mg-kg™" Cr( VI). The average accumulation factors of
shoots/roots were 1.22/1.54,1.16/1.44 and 1.26/1. 62, while the average translocation factors were 0.78, 0.78 and 0.74 in T.
repens, F. arundinacea and M. sativa, respectively. The results suggest that 7. repens and F. arundinacea are promising for the
phytoremediation of Cr-contaminated soil.
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Table 1  Basic properties of the tested soil

et 3] pH CEC/cmol - kg ™! FHLR/ g kg ™! 4 N/g-kg ™! A/ mg-kg !
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“H 100 mg-kg_l Bf, S5XFREA L, FAE =8
o5 U A6 HAE 48 B o T B 15.23%
31.85% F151. 12% , LWV 5 565 % 25 48 8 7 it
i G AL SR r N RN ¥ AR D0
BRI A7 M 22, 3 Bl RS it 1 i B RN I
JP R AL =R > J RS > RIEETE.

HEE BRI RN RN L w5 AR K 5
BTG ER B IEH s e, S A Py it 3R g Tk
TRIEMER R A, i R AR 8 S A VR R T B DT 38 AR
FE R A R 8 RN AR ) 1 AR, MRS T 3 Bl FEA A
Py Hl bS5 R M R T EE AR B A B A .
B 75 3P AR S RS, 3 R R AR A A 1) Hb
EBFIHL R T SR N R SR RS E R
100 mg-kg ™A AL = I REHE F 3R F 500 IR DL
BEURIE N 200 mg-kg ™' 5 300 mg-kg ' B AL H AE
WRHTEZ 225 R EE (P >0.05) 4, A%
Ab P A] 22 57 8 2 (P <0.05) . SXFIEAH L, 4% a5
AL = I ROR SRS T R T R E 4 A
e AR B S A oS R AR S, b B3
TR Z. XX 3 Y, TS A
T EH TR RN BT > BFEF >
FIAE =B 30F G 5 L 48 B s AR & FE
300 mg-kg 'ESMIE R, FIAE I RDRE RSP L
T B 40 ) e X R R R 37. 449% | 34.10%
F145.71% | 51.64% , 54615 1 1 B0 b R8T
H Rk 80. 82% . 63.93% . LEA L FEER W]
DA % Jolh 38 X6 3 A R AR A A A o 1 FH ) 5 55
JOEIETE > mEF > AL SR, B RS E
BRI R AR R AR MR AR K 80
TSR T AL



6 TR Bt 3 R AP A K AR BRI 2031

R2 Cr(VI)EmERT 3 MEAREYE KM

Table 2

Effects of Cr( VI) stress on growth of three herbaceous plants

YE|

Cr( V) ¥ /mg-kg '

0 100 200 300 400
P 18.79 +0. 68* 17.22 +0.40" 15.01 £0.48° 12.25 £0.40" 9.16 +0.46°
R/ em [SES 2 92.11 +0.78* 86.91 +0.71" 79.33 +£0.54¢ 52.83 +0.88¢ 31.41 £1.15°
EVIAEE S 85.83 +0.88" 50.76 £0.78" 42.25 £1.20° 15.23 +0.64¢ —
HAE =R 12.08 £0.54* 10.24 +0.38" 8.68 +0.28¢ 7.05 £0.27¢ 4.23 £0.37°
K/ em [SES 2 18.18 +0.88* 12.39 +0.50" 9.76 £0.53¢ 7.91 £0.35¢ 5.06 £0.38°
E VIR 17.43 +£0.44* 8.52 +0.48" 6.00 +0.323° 4.48 +0.33¢ —
AL =2 100 84.77 71.85 58.36 35.02
it 8 % % [SES 2 100 68.15 53.69 43.51 27.83
E VIR 100 48.88 34.42 25.70 —
AL = RE 8.44 +0.32° 7.95 £0.33® 6.34 £0.29" 5.28 £0.0.19¢ 4.10 £0.21¢
i EFFE/goplant =t FEF 5.71 £0.23% 5.10 £0.15" 4.15 £0.23¢ 3.10 +0.08" 2.22 +0.10°
EViA-E 3.18 =0. 14® 1.97 £0.09" 1.45 +0.06° 0.61 £0.05¢ —
A =5 4.34 +0.07° 3.78 0. 10" 3.28 +£0.07° 2.86 +0.05¢ 2.30 +0.08°¢
HF#FE/g-plant ™! FHEF 3.66 0. 05" 3.05 £0.05" 2.70 £0.03¢ 1.77 £0.04¢ 1.12 +0.06°
EVIAEKS 1.22 +0.06* 0.91 +0.03" 0.73 +0.06° 0.44 +0.03° —

) FfT A AR SR B E N ZEF BE (P <0.05), T

2.2 Bt 3 AR Y SR R S B R
M2 R R A O E VR R P iR L e
IR R G AV FH 9 553 11— A B 22 AR B S R
MR R O EREIL A ERES , R BUEY A K 2
il AW i N N 3 AT LUE Y, B B i
VR BERSE N, AL =B SRR RIS 3 Pl
AIEYI LR R G AL, I H A b B R 2 5 W 2 (P
<0.05) , M2 7 8 5 55k B 2 (8] 2 0 5 3 A
XK, HA KRB 0. -0.9926™, —0.961 0 Fl
~0.980 4 ™. FEfe/ M A W BE 100 mg-kg ™' B, [
e =M B EP AL E S 3 R A ) i e R
SRl X RE ) 86. 61% | 92. 42% F1 87. 89%
EAE e KBR300 MR JE 400 mg-kg ™I, [ 4E = BE
FlEs 2F 20 i 2 28 & i 40l o XF BRI 57, 149% F
63.27% , It HAMRIE St kA T B ARk, R BN
FERRARHE W A8 /N AR o AR TR 2 1 B Ak
MG MPERAE B M e S ANREA K T R E S
£3 Cr(VI)pMEX 3 MEAEYHRESENZMW

Table 3 Effects of Cr( VI) stress on chlorophyll content

in leaves of three herbaceous plants

(23 28 75 B A2 5 W 8 1 S ) e R, LA — I R
FAN=ESE Aiblint Sy o I SELNEA IS ZY
2.3 BMMEXS 3 FhRLAM YN B (MDA) & i
|

FE ) FE 35 T 20 A B R AN R A
fifs 23 ek EARAVE FH 7= A MDA, MDA 7] 5 8 1 i,
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0 2.24+0.03*  3.43+0.00° 1.90 +0.01°
100 1.94 £0.02>  3.17 £0.04"> 1.67 =0.01"
200 1.65+0.01°  2.96+0.01°  1.51 £0.02°
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Fig. 1 Effect of Cr( VI) stress on MDA content in

leaves of three herbaceous plants
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Fig. 2 Effects of Cr( VI)stress on activities of SOD

in leaves of three herbaceous plants
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Fig. 3 Effects of Cr( VI)stress on activities of POD

in leaves of three herbaceous plants
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Table 4  Effect of Cr( VI) stress on contents and percentage of Cr in subcellular of leaves of three herbaceous plants/mg-kg ~

1

HAE=IH R ) Cr 6

Cr( VI) e —
(V)W R TR dRilk A o
0 0.41 £0.029(35.04) 0.12+0.029(10.26) 0.12 £0.03°(10.26) 0.52 +0.03°(44.44) 1.17 £0.07°(100)
100 14.23 £0.19°(57.85) 1.14 £0.06°(4.63)  1.06 +0.05%(4.31)  8.17 £0.149(33.21) 24.60 £0.28'(100)
200 15.26 £0.217(54.83) 1.37 £0.06°(4.92)  1.55+0.04°(5.57)  9.65+0.2°(34.67) 27.83 +0.36°(100)
300 16.16 £0.21%(46.25) 3.58 £0.17(10.25) 2.96 +0.10"(8.47) 12.25+0.13"(35.06) 34.94 +0.20"(100)
400 16.38 +0.31°(38.84) 5.95+0.05°(14.11) 5.12+0.08*(12.14) 14.72 £0.12*(34.91) 42.17 +0.38*(100)
r FEEM R Cr f
CF(VI)(ZUE 4 ™ P = A 4 =N
24t Jfu BE EEILN SR IREN 1 5 B
0 0.38 £0.029(43.68) 0.08 £0.00°(9.20)  0.07 £0.01°(8.05) 0.34 +0.02°(39.08)  0.87 =0.01°(100)
100 13.36 £0.25°(50.99) 2.65+0.119(10.11) 2.35+0.05(8.97) 7.85£0.129(29.96) 26.20 +0.10%(100)
200 14.80 0. 157 (47.94)  3.71 £0.05°(12.02) 3.23 £0.06°(10.46) 9.12 +0.08°(29.54)  30.87 +0.10°(100)
300 15.22 £0.05"(39.17) 5.94 +0.08"(15.29) 6.34 £0.04"(16.34) 11.36 +0.05"(29.23)  38.86 +0. 04" (100)
400 15.86 +0.06(35.07) 7.96 £0.05*(17.60) 8.20 +0.02*(18.13) 13.21 £0.06*(29.21) 45.23 +0.03*(100)
r HBIHET R G &R
CF(VI)(ZUE 4 s P <A s e 4 (=N
£t Jfu BE IEEILN SR IREN 1 5 B
0 0.30 £0.039(40.00) 0.07 £0.019(9.33)  0.05=0.009(6.67) 0.32+0.029(42.67)  0.75 £0.04%(100)
100 13.35 +0.05°(48.88)  3.15£0.04°(11.53) 3.33 +0.06°(12.19) 7.47 £0.06°(27.35) 27.31 +0.13¢(100)
200 15.54 +0.04>(35.58) 7.71 £0.10"(17.65) 7.19 +0.06"(16.46) 13.24 £0.03"(30.31) 43.68 0. 15"(100)
300 16.75 +0. 18%(32.56)  9.82 +0.26°(19.09) 9.28 +0.18*(18.04) 15.60 £0. 17*(30.33)  51.44 +0.31*(100)
400 — — — — —

1) FF A AR FBE EARE A2 03 (P <0.05) ; &5 T iEdE B Ll (%)

HAE= MR R MR E S 3 Aty Mg mak R & & SOD Al POD {if PE 4 12 T ¢, IF

P ARNIRE R R A T A B A FLANRE 5 A 2 B B R G R I, 1 4%
WL MDA S SOD BT POD WEPEAIGAMT 1R 20 R K 6 95 ik 15 46 2 B A B AT O M ¢ 5
LA AL Ak 5 MDA SR IERIE,  (35).

x5 IMEREYITFITHEE Cr &85 £EEREX S

Table 5 Correlation analysis between Cr subcellular contents and physiological indexes of leaves of three herbaceous plants

. =i e IR

MR TR ARIE AR AR AR BORGE  AURE AR UTAHE  ARIE AR
MR TR -0.8417 -0.9132% -0.9335% -0.9704* -0.7065 -0.9629* -0.9545" -0.9798* -0.8109 -0.9479 -0.9623* -0.915
MDA & 0.5609  0.9767* 0.9761* 0.819 0.7063  0.9612* 0.9621™ 0.8573 0.711'1 0.9534* 0.9385 0.8733
SOD {&tE  -0.7162 -0.9933 " -0.9945* -0.9183" -0.8114 -0.9795" -0.9617* -0.9177" -0.7265 -0.9263 -0.9255 -0.8641
POD {iPE -0.9948*-0.7071 -0.7355 -0.9599™ -0.8846* -0.987 1 ** -0.978 ™ -0.8385 -0.9674" -0.9422 -0.9566" -0.9831"
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10.956 7" | 0.933 2. (HICISHME Uk B = ol Mk, 3

TR A 4 (%) b b 350 % e B A0 T 1l R 3%, U AR
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BONE L. FAL =B S 2P RIS AR B 1 3 R A A
Ysis ZBCEEIE S 3 0. 78 L 0. 78 F10. 741X =
A A AE = I R R 2 SRR K R e PR bk W A P % 1)
b 1 EB LIS, 1T 546 B A 18 5 I RE 1 AR ALK
SRR W A== = P A S 1 B
ERBOEE S IR 122, 1.54; 1.16. 1.44 Fi
1.26 1. 62, UtBHIX 3 Fl 4 X 45 1) & 4 R T 1 K
AN EAEE TS > AAE =8 > B 2R 50 A4S
Je b bR =R SRS A E bk
HERAN ML T AR B o B E 4 A 1,53, 0.99;
0.89.0.63 F10.29. 0. 19, 4L 1 15 FARK & 4% 1 1
AR, P RE AR b L % 1 22 T Y™ o
AR IR, H UL, 768575 e 35 AR A e =0t
BORFEFMEAE T, AL R E B RO
U, R SR Z, AR H TS AR B W E 400
mg-kg ' 1Y I FRBEA: AR
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Table 6 Cr concentration and distribution in three herbaceous plants under Cr( VI) stress

WiH Cr( V) #e R Mo Cr W o FHR Cr R E B R R gk Cr % f/mg- plant =
N /mg-kg ! /mg-kg ™! /mg-kg ™! - Hhy | EB R Hi |8 R

0 1.85 +0.07° 2.77 £0.09¢ 0. 67 — — 0.02 £0.00¢  0.01 +0.00¢
100 152.75 £2.26¢ 227.46 £2.15¢ 0. 67 1.53 2.27  1.21£0.05¢  0.86 +0.02°
Epi 200 281.17 +3.47°¢ 318.19 +1.79¢ 0. 88 1.41 .59  1.79 +0.10* 1.04 0. 02°
300 321.60 1. 75" 381. 86 £3.20" 0. 84 1.07 1.27  1.69 £0.07® 1.09 £0. 02*
400 352.05 +2.36° 414.04 £2. 82 0.85 0. 88 1.04  1.44£0.07°  0.95=+0.03"
0 1.62 £0.05° 2.76 £0.04° 0.59 — — 0.01 £0.00¢  0.01 +0.00¢
100 141.23 £1.02¢ 205.76 +2. 424 0. 69 1.41 2.06  0.72+0.02°  0.63+0.01"
[SES 2 200 264.32 £2.07° 305.70 £2.79¢ 0. 86 1.32 1.53  1.10£0.07*  0.82+0.01°
300 313.30 = 1. 86" 352.44 +2.18" 0. 89 1.04 .17 0.97+0.02>  0.62+0.01"
400 344.26 +2.43* 405.27 +2. 88* 0.85 0. 86 1.01  0.77 £0.03¢  0.45 +0.02¢
0 1.57 0. 03¢ 2.64 +0. 03¢ 0.59 — — 0.01 £0.00Y  0.003 +0.00¢
S B 100 145. 85 +3. 03¢ 211.04 1. 11°¢ 0. 69 1. 46 2.11 0.29 +0.01" 0.19 +0.01"
- 200 272.64 +1.78" 323.19 £2.79" 0. 84 1.36 1.62  0.40 £0.02*  0.24 +0.02°
300 288.89 + 1. 69* 338.7 +1.25° 0.85 0.96 .13 0.18+0.01°  0.15+0.01°
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Y1 POD F1 SOD & PEREAR A /INIT Jy S5 A6 B 1 >
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FEAIG, MDA & 3. X RS H T LA =
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SR bR B A ZFEL 000 mg-kg ' DA b AT
KA A B IRGE R D A E AN R HGE 2 PR
Y, ANEEE A T35 & LAY Dicoma niccolifera
Wild Fl Sutera fodina Wild , HA& #8205 41 500
mg-kg ™" 12400 mg-kg "' HAERE P K AR
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Rtk ZRARARKIER FH & 50 114.3 mg-kg ™' 1Y
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F AU )1 R, AR - 3850 2B ik B2 43031 oy
483.73 mg-kg ' F 541.37 mg-kg . L HF5E
K KARAR Wy 40 mg- L~ ' ARG I7 1 P A I
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