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Effects of Cadmium on Growth and Antioxidant Enzyme Activities of Two Kidney Bean(Phaseolus vulgaris L.)

Cultivars

LI Dong—qin, CHEN Gui-kui, ZHENG Hai, LI Hua—shou", LI Xiao-hing

(Key Laboratory of Tropical Agricultural Environment in South China, the Ministry of Agriculture, South China Agricultural University, Key
Laboratory of Agroecology and Rural Environment of Guangdong Regular Higher Education Institutions, Guangzhou 510642, China )
Abstract : Different genotypes of plants show various tolerances to and accumulation of heavy metals. Here a hydroponic experiment was
conducted to investigate the effects of different concentrations of cadmium on plant height, biomass, root configuration, and antioxidant en—
zyme activities of two cultivars of kidney beans, viz. Texuan and Youxuan. Results showed that plant height, plant biomass, root length, total
root surface area, average root diameter and total root volume were all significantly inhibited under cadmium stresses. The inhibitory effect of
cadmium on Texuan kidney bean was greater than that of Youxuan kidney bean. Increasing cadmium concentrations increased malondialde—
hyde( MDA ) contents and peroxidase(POD ) activities of two cultivars. Superoxide dismutase(SOD ) activity of two cultivars increased at low
Cd concentrations, but decreased at high concentrations. Catalase( CAT) activity of Texuan kidney bean increased at low Cd concentrations
whereas it decreased at high Cd concentrations. That of Youxuan kidney bean, however, increased with increasing cadmium concentrations.
The variations in MDA contents, and SOD and CAT activities were greater for Texuan bean than Youxuan kidney bean, while that for the
POD activity was just opposite. These results indicate that tolerance of Youxuan kidney bean to cadmium stress is much greater than that of
Texuan kidney bean.

Keywords: cadmium stress; kidney bean; growth; root architecture; antioxidant enzymes
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Table 1 Effects of cadmium stress on plant height and biomass of two kidney bean cultivars

i TaHe g /me - 1L FeEn/em b I Ei /g - plant™ M Z /g plant™ b T E /g - plant™ MW ZE T H/g plant™
FEEE R 0 92.63x1.60a 3.66+0.05a 0.86+0.03a 0.43+0.01a 0.04+0.00a
2 71.13+£1.05b 3.00+0.20b 0.53+0.03b 0.35+0.022b 0.03+0.00b
5 55.53+1.56¢ 2.40+0.07¢ 0.50+0.01be 0.25+0.01¢c 0.02+0.00be
8 52.80£1.70¢ 2.11+0.07¢ 0.44+0.02¢ 0.20+0.01d 0.02+0.00¢
15 40.70+1.66d 1.90+0.07d 0.40+0.02d 0.20+0.01d 0.02+0.00d
ik £ 5 0 97.18+1.03a 4.77+0.25a 0.78+0.03a 0.41+£0.01a 0.05+0.00a
2 85.20+0.76b 4.03+0.06h 0.66+0.03b 0.33+£0.01b 0.04+0.00b
5 62.95+0.17¢ 3.39+0.12¢ 0.52+0.02¢ 0.20+0.01¢ 0.03+0.00¢
8 60.83+0.7¢ 3.23+0.16¢ 0.50+0.02¢ 0.20+0.02¢ 0.03+0.00c
15 53.6+0.77d 2.60+0.02d 0.44+0.01d 0.20+0.00¢ 0.03+0.00¢

e R PR RV EE AR HER (n=3) ; A EE 5 A WG FBRR 255 3 (P<0.05), A,
Note: Date are mean + standard error(n=3). Different letters within a column indicate significant differences( P<0.05). The same below.
R2 BT mMHESREENN

Table 2 Effect of cadmium stress on root architecture of two kidney bean cultivars

m b e B fmg + 17! SR /em SR em® S EAR/mm SRR en?
FHEED 0 492.15+24.99a 101.43+4.42a 0.7440.01a 1.6740.11a
2 319.00+40.14b 71.94+8.24h 0.72+0.02ab 1.29+0.14b

5 212.48+14.13¢ 43.502.59¢ 0.71£0.02ab 0.73+0.05¢

8 202.54+26.21¢ 43.35+1.55¢ 0.67+0.02b 0.86+0.03¢

15 191.58+1.27¢ 36.66+1.36¢ 0.66+0.03b 0.64+0.01¢

ik EE 422.67+24.96a 118.40+26.17a 0.74+0.02a 2.01+0.43a
308.25+36.41b 67.44+6.88h 0.7+0.01b 1.20+0.14b

5 274.26+17.05b 64.19+5.71h 0.69+0.01b 1.1720.10b

8 251.57+23.33b 54.0424.31b 0.69+0.01b 0.92+0.06b

15 206.24+9.83¢ 45.26+2.15b 0.68+0.01b 0.79+0.04b

55X REAE LG 2 0 R BT 2.7% (4.05% .9.46% Fil
10.81%, Lk £ G505 FFE T 5.59% .6.39% . 7.39%
8.09% ; F5 1k £ & 45 A0 FRZH Y BAR R R 5 X6 BEAH e 4y
WITRET 22.75% .48.5% .56.29%F1 61.67%, ik E
TARITFRET 40.3% 41.79% .54.23%F1 60.7% ., Hr
FEIE B TR R AR AR TR SR R4 By
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PIARERTE AR P EARFATRTE &R A PR =2 ] 22
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SARE,
2.2 X E S A IR RIS
221 W&
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222 WA ARG T
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BAEH NG T RER S, b dRk £ TR SOD i
FEA VR BE ] 25 S 0 3 7E 5 mg - L b B ik B i A
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2mg- L7 Fl 5 mg- L FAAb PR 22 5 AN B2, 7E 8 mg-
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2.2.3 i E AL S

FEAS U B FRAL R WA £ 5 POD 36 ([813)
HB 52 = T IR, LRk E GG POD 6 M
i L ILE £ G 18 HIREE /N, 7E 15 mg- L7 i



224

R S it Y 34 EFE2H

MDA content/pmol - g™ FW

0 2 4 6 8 10 12 14 16
Cd concentration/mg - .
B 1 SRAEMEm R EST MDA S &M
Figure 1 Effect of cadmium stress on MDA contents of two

kidney bean cultivars

3201
300
280
260
240
220
200
180
160
140
120
100

SOD activity/U-g™ FW

0 2 4 6 8 10 12 14 16
Cd concentration/mg - L

2 SRAMEX AR EE SOD iE MR

Figure 2 Effect of cadmium stress on SOD activity of two

kidney bean cultivars
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Figure 3 Effect of cadmium stress on POD activity of two

kidney bean cultivars
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Figure 4 Effect of cadmium stress on CAT activity of two

kidney bean cultivars
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