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Effects of straw addition on physiological parameters and uptake of heavy
metals in Ricinus communis under the stress of Pb/Zn mine tailing

ZHU Jia-wen?® ZOU Dong-sheng'”~ XIANG Yan-ci® WANG Hui® TAN Wei-wen®

(1.Department of Biology Science and Technology, Hunan Agriculture University, Changsha 410128, China;
2. Department of Resource Environment & Planning Management County of Urban/Rural Areas, Hunan Science and
Technology University, Xiangtan, Hunan 411201, China 3.Hunan Province Key Laboratory of Clean Coal Resources
Utilization and Mine Environment Protection, Xiangtan, Hunan 411201, China)

Abstract: Pot experiments were carried out to investigate the effect of straw addition on biomass, contents of
malonyldialdehyde (MDA), activities of superoxide dismutase (SOD), catalase (CAT), peroxide enzyme (POD) and the
accumulation of heavy metals (Pb, Zn, Cd) in Ricinus communis under the stress of Pb/Zn mine tailing. The results
indicated that straw addition significantly increased fresh weight, height and root length of Ricinus communis. The
contents of MDA and the activities of SOD, POD, CAT in the leaves of Ricinus communis under the straw treatments
were 48.08%, 7.28%, 28.60% and 4.74% lower than the control, respectively. DTPA-extractable contents of Pb, Zn and
Cd in the Pb/Zn mine tailing decreased significantly. The contents of Pb, Zn and Cd in plant organs of Ricinus communis
decreased significantly with straw addition. An extremely significant positive correlation were observed between the
activities of POD, SOD and the contents of Pb, Zn and Cd in the leaves of Ricinus communis, and significant or
extremely significant positive correlation were observed between the contents of Pb, Zn and Cd in plant organs of Ricinus
communis and DTPA-extractable contents of Pb, Zn and Cd in Pb/Zn mine tailing.
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2 FER5SH

2.1 RIMBEFMEREEYEZMN
(1
43.08% 35.38% 28.52%
14.15% 11.27%
8.45% 49.15%
42.37% 31.36%
FT 1 ZBEREIRZ RIS
Table 1 Agronomic traits of Ricinus communis under
different straw treatments
g /cm /cm
(11.8940.09)a  (16.21+0.20)a (17.61+0.13)a
(11.25+0.12)b  (15.80+0.15)b (16.79+0.23)b
(10.68+0.08)c  (15.43+0.16)c (15.52+0.12)c
(8.31+0.05)d (14.20+0.11)d  (11.83%0.07)d
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Table 2 Physiological parameters of Ricinus communis under different straw treatments

MDA /(umol-g™) SOD I(U-mg™) CAT I(U-mg™) POD I(U-mg™)
(9.31£0.42)c (1.91+0.05)b (8.24%0.32)b (11.05+0.16)b
(9.49+0.31)c (1.92+0.03)b (8.57+0.13)b (11.25+0.13)b
(10.54+0.32)b (1.97+0.06)ab (8.86+0.29)b (11.36+0.12)ab
(17.93+0.53)a (2.0620.08)a (11.54x0.51)a (11.60+0.24)a
Pb ( 3)
SOD 4.21%~10.27% 11.50%~22.73%  14.34%-~
7.28% 6.80% 4.37% CAT 26.70% Pb
28.60% 25.74% 23.22% POD
4.74% 3.02% 2.07% SOD
CAT POD [12] Pb
(0.20)
(0.19) (0.17) (0.16)
Pb

2.3 RIBEFMERR. E. HPEEEEEN  pp
A0
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Table 3 Contents of Pb, Zn, Cd in Ricinus communis under different straw treatments mag/kg
Pb Zn Cd

(268.626.62)c  (25.63+0.69)b (20.45:0.82)c (230.52+5.24)b (137.08+3.66)b (85.50+4.03)c (1.26+0.09)c (0.30+0.01)c  (0.24+0.03)c
(273.6528.05)0c  (27.10£0.42)b (23.90+1.01)b (239.05+3.47)b (140.02+3.45)h (93.78£3.16)b (1.45:0.12)c (0.36+0.03)b  (0.56x0.01)h
(286.793.22)bc  (23.66+1.23)c (20.83+0.85)c (235.12+4.88)b (122.80+2.24)c (84.19+3.17)c (1.74+0.11)b (0.32+0.01)bc (0.26+0.05)c
(299.38+11.83)a (30.62+0.80)a (27.90+1.54)a (254.2145.15)a (155.15+4.29)a (101.92+3.02)a (2.20+0.17)a (0.43+0.05)a (0.676+0.04)a

(0.63)
Zn ( 3 (0.48) (0.43) (0.33)
Zn 5.96% 9.32% 9.75% Cd
20.85%  7.99% 17.40% Zn Cd
(1.01)
(0.98) (0.97) (0.88) Cd
Zn Cd
Zn
2.4 HFMERMEFTHHRFYSPb. ZIn. Cd BE
cd (3 oA
Cd 24.02%  44.98%

16.28% 30.23% 16.42% 64.18% Cd
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17.1% 705% 24.0% 67.6%
8.6% 88.8%

Pb zn Cd
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Table 4 Contents of DTPA extracted Pb, Zn and Cd from Pb/Zn mine

tailing under different straw treatments mg/kg
Pb Zn Cd

(61.08+1.56)d  (14.64+0.35)d  (0.26+0.03)c

(72.04+2.13)c  (17.41+0.84)c  (0.38+0.02)c

(81.10+2.33)b  (16.75+0.92)b  (0.42%0.05)b

(91.88+3.15)a  (44.35+1.41)a  (1.59%0.09)a
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Pb zZn Cd
MDA POD SOD CAT
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MDA POD SOD CAT
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£5 EFM KT Pb. Zn. Cd 225 MDA & 82 % POD. SOD.
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Table 5 Correlation coefficients between Pb  Zn Cd contents and

physiological parameters in the leaves of Ricinus communis

MDA POD SOD CAT
Pb 0.70** 071** 0.70** 0.74**
Zn 0.65* 0.78** 0.73** 0.65*
Cd 0.74** 0.84** 0.74** 0.76**

26 BERPECRESESRVHHANTEEZR
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6 Pb Zn Cd
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*6 BERIR. Z. HHF Pb. Zn. Cd ZESRTWEMAPb. Zn. Cd FEMHEXRE

Table 6 Correlation coefficients between Pb  Zn Cd contents in plant organs of Ricinus communis and contents of Pb  Zn

Cd extracted by DTPA from Pb/Zn mine tailing

Pb Zn Cd

Pb 0.99*%*  0.82**  (0.75** — — _ _ _

Zn — — — 0.83** 0.67* 0.70%* _ _ .

cd — — — — — 0.89**  0.81**  (0.83**
3 #Fig5itie
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