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Effects of different soil amendments on the remediation of Cd-contaminated
soil and the photosynthetic characteristics of rice plant
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Changsha 410128, China; 2. Changsha Environmental Protection College, Changsha 410004, China; 3. Soil and Fertilizer
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Abstract: A pot experiment was conducted to study the effects of three amendments(red mud, lime and sepiolite)on
remediation of Cd in Cd-contaminated paddy soil and photosynthetic characteristics of rice plant. The results indicated
that application of red mud, lime and sepiolite could effectively promote the stabilization of soil exchangeable Cd and the
immobilization of Cd with the red mud shown the best immobilization effect. Compared with the control, the application
of red mud increased yield dramatically, by 11.41%, and the application of sepiolite slightly increased the yield, while the
application of lime decreased the yield slightly. The application of soil amendments could improve chlorophyll content
(SPAD value), the rice stomatal conductance(Gs), the net photosynthetic rate(Pn), intercellular CO, concentration(Ci)and
transpiration rate(Tr)of flag leaf of rice. Among the three amendments, the effect of application of red mud was most
obvious, with which the SPAD value, Gs, Pn, Ci and Tr was respectively increased by 6.63%, 8.59%, 6.93%, 11.95% and
5.42%. Three amendments all increased the flag leaf area, but the degree of increase varied. Compared with lime and
sepiolite, red mud application could better alleviate the effect of Cd on rice growth.
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< 7 1 000 hm?
330 wm®™ (Cd) pH 53
31.4 g/kg 374.6 mg/kg 7.3 mg/kg
104.4 mg/kg (CEC)15.50
Cd cmol/kg 1.397 mg/kg (EXC)
0.431 mg/kg (CA)  0.141
mg/kg (FeMnOy) 0.289
mg/kg (OM) 0.098 mg/kg
(RES)  0.438 mg/kg
pH 12.5 24.6%
20.5% 8.1% 6.9%
43.1% 50 gkg 4.0
1 MRERE mg/kg 3.53 mg/kg
11 K defke 3
1
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Table 1 Basic properties of different modifiers
N/ P/ K/ cd/ Zn/ Pb/ Cu/ Ni/
(eke") (kg (eke™) (mgkg")  (mgkg!)  (mgkg) (mgkg™") (mgkg™")
3.48 0.750 73.80 117.50 5.298 7.934
0.026 0.003 0.161 1.26 0.545 0.022 0.922
0.023 0.066 2.65 2718 3325
1.2 Wit 1.3 WERE S5
3 (2]
32.0cm 20.0 cm cd
10.0 kg 5 mm HNO;-HCIO,~HF cd
2d HNO;-HCIO4 (GB W07604)
4 T, (CK) cd
T, 40 g/ T 40 g/ T4 (GTA120 )
40 g/ 1 CI-203
10 217 g /
4.17¢g 1.00 g SPAD-502 8:30—11:30
(7 3) 1d (SPAD ) LI-6400
10 d 2009 ( LI-COR )
325 4 28 710 9:00—11:00 ()

1 000 umol/mz-s
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5 T,
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5 T, T, Ty T4
( 12.43% 11.20% 9.41%
) 3.45% 3.33% 1.70%
1.4 HUEAbIE 2.43% 3.27%  1.61%
SPSS 13.0 Duncan 4.65% 3.05%  2.16%
9.92% 11.41%  8.82%
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Table 2  Effect of different soil amendments on rice yield and yield components of rice plant
/em / / 1% /g /g
T, (80.4+3.3)b (36.2+1.2)b (66.6+1.8)a 81.1£2.7 24.7+0.3 (59.5£3.9)b
T, (84.9+1.5)a (40.7+0.8)a (63.5+£0.6)b 83.9+1.2 25.3+0.5 (65.4+2.0)a
T; (80.0+0.8)b (36.6+1.3)b (65.5+0.6)ab 81.2+2.9 24.5+0.4 (58.7+1.1)b
Ty (80.5+2.8)b (37.2+1.0)b (64.9+1.6)ab 82.5£2.2 24.9+0.5 (60.1+0.7)b
2.2 REIKRFIBI KB 2 H 0 Ty T, Ty T4 17.14%
3 1491%  2.08% 10.19%
T 7.01% 1.23% T, T,
2
Ty
&3 FREIALIEKFESMH R RS IRHR
Table 3  Effect of different soil amendments on growth of flag leaf of rice
/em /em / Jem? /em
T, 30.51+1.21 1.77+0.15 17.25+1.30 (38.91+2.87)b (68.19+£2.51)b
T, 32.58+3.60 1.85+0.28 17.67+1.44 (45.58+7.20)a (75.14+6.74)a
T; 31.82+3.44 1.82+0.17 17.55+2.10 (44.71£9.52)ab (72.97+6.86)ab
T, 31.72+2.65 1.78+0.42 18.13£2.50 (39.72+4.89)ab (69.03£3.38)b
. _ , 0 0 0
2.3 TR RAFAREL AN A2 314 271%
T
4 T, T; T, :
6.63% 4.59% 3.48%
8.59% 6.70% 1.93%
6.93% 3.29% 2.08%
11.95% 5.36% 4.49%
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Table 4 Effect of different soil amendments on Chl and photosynthetic characteristics of the flag leaves

SPAD

/

(umol'm™s™")

/

(mol-m™s™)

/
(umol-mol™)

/

(mmol-m™2s™)

T, (42.22+1.61)b (24.34+2.06)b (0.577+0.014)b (341.34£9.69)c (21.02+0.70)b
T, (45.02+1.53)a (26.43+0.64)a (0.617+0.010)a (382.13+£5.53)a (22.16%1.63)a
T (44.16+1.32)ab (25.97+0.51)ab (0.596+0.012)ab (359.62+4.88)b (21.68+1.55)ab
Ty (43.69+1.85)ab (24.81£1.64)ab (0.589+0.008)b (356.67+8.81)bc (21.59+1.15)ab
2.4 REKRAXFELE Cd HLHEM 602 9.13% «
5 Cd
Cd 1.81% 3.55%
Cd(EXC) 20.09%~ 22.93%
Cd(CA) 9.86%~ 14.08% «
Cd(FeMnOy) 9.62%~12.82% «
Cd(OM) 2.41%~ 7.23% Cd(RES)
x5 TRALETEPEUFHECCWHSE
Table 5 Effect of different soil amendments on the content of different forms of Cd in soil
/(mgkg™)
EXC CA FeMnOy oM RES
T, 0423 a 0.142 ¢ 0.312b 0.083 0.438 b
T, 0.326b 0.158 ab 0.352a 0.089 0.467 a
Ts 0.332b 0.162 a 0342 a 0.085 0.478 a
T4 0.338b 0.156 b 0343 a 0.088 0.473 a
2.5 AREBRFIMHERS Cd ZERFI
T, T3 T4 Cd 0.19
0.22  0.24 mg/kg (0.33 mg/kg)
42.42% 33.33% 27.27%
T, Cd T3 T4 17.39%
26.32% Cd Cd
SPAD
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