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Effect of long—term straw returning and groundwater level on cadmium accumulation and availability in soils
WU Jia—qi', HUANG Yun—xiang'", YIN Li—chu', LIANG Yu-wen', HUANG Ling', XIANG Yan-yan®, SHI Qiang'

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Xiangxi Station of Soil and
Fertilizer, Jishou 416000, China)

Abstract: This study was carried out to better understand the effects of fertilization methods on Cd accumulation and availability in paddy
soil in a long—term experiment that began in 1982. Three fertilization methods were investigated—high amount of straw returning (HS),
normal amount of straw returning (MS), and chemical fertilizer (CF)—at two groundwater levels—high water level (=20 c¢m) and low
water level ( =80 cm). The results showed that, under high water level, long—term straw returning increased the content of total and
available Cd in soils. In comparison to CF treatment, HS and MS treatments increased the content of total and available Cd in soils by
21.8% and 59.9%, and 9.8% and 49.2%, respectively. Under low water level, HS treatment had a higher content of total and available Cd
than CF treatment and increased them by 11.2% and 31.6%, respectively. MS treatment had a lower content of total and available Cd than
CF treatment and decreased them by 8.8% and 14.3%, respectively. In 2012, given the premise of sufficient repetition of the original

positioning test, part of the test treatment under the high water level condition was changed. After 5 years of changing HS treatment to CF
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treatment, the content of total and available Cd in soil decreased by 2.5% and 5.7%, respectively; CF treatment was then changed to MS

treatment, resulting in an increase in the content of total and available Cd in the soil by 16.5% and 58.9%, respectively. Under the same

fertilization treatment, the total Cd content in the high water level was higher than that in the low water level condition. MS treatment

caused the available Cd content in the high water level to be higher than that in the low water level condition, while HS and CF treatments

caused the available Cd content in the low water level to be higher than that in the high water level condition. Correlation analysis of soil Cd

content and the basic physical and chemical properties of the soil showed that the total Cd content in the soil had a significant positive

correlation with soil organic matter, while complex iron content had a significant negative correlation with pH value. The available Cd in the

soil had a significant negative correlation with soil pH value and free iron oxide. Fertilization and water levels affected the accumulation

and chemical speciation of Cd in soil by changing the basic properties of the soil.

Keywords : straw returning; groundwater level; total cadmium; available cadmium; paddy soil
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Figure 1 Design and distribution of long—term positioning experiment
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Table 1 Total and available cadmium contents in soil of

long—term straw returning and groundwater level management

H R KA R b 3 st RS
Groundwater Fertilization Total Cd/ Available Cd/
levels treatments (mg-kg™) (mg-kg™)
-20 em HS 0.531+0.012a 0.315+0.023a
(KA MS 0.479+0.005ab  0.294+0.024ab
CF 0.436+0.083bc  0.197+0.027¢
-80 cm HS 0.455+0.040abc  0.321+0.03%
(KAL) MS 0.373+0.023c 0.209+0.018c¢
CF 0.409+<0.001be  0.244+0.031bc
AR (F 1)
T KA 9.514% 0.406
TN 4.137* 12,717
RS 1.005 5.913%

TE R B N AR R 22 . RIFIARNG T3 3875 b R
ZeS 3 (P<0.05), *P<0.05; **P<0.01., T,

Note: The values of table are presented as mean + standard error.
Different small letters indicate significant differences (P<0.05) among
different treatments. *P<0.05;**P<0.01. The same below.
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Table 2 The contents of total and available cadmium in soil

before and after experiment treatment change

sz 5L RS
Treatments Total Cd/(mg-kg™)  Available Cd/(mg-kg™)
HS 0.53120.012ab 0.31520.023b
Eele 0.518+0.001abe 0.297+0.002h
MS 0.479+0.005bc 0.2940.024b
Tk 0.487+0.024bc 0.310+0.017h
wikE 0.586+0.011a 0.380+0.033a
CF 0.43620.083¢ 0.19720.027¢
e 0.508+0.033abc 0.31320.026b
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Table 3 The basic physical and chemical properties in soil of long—term straw returning and groundwater level management

AR A TR AR

o s AL Py
KA Ab P ﬁ*ﬂ)ﬁ CEC/ Frki Silt {)J}P'Tj i?:‘L’fJC‘Lj'JE Amorphous HE %
Groundwater pH Organic matter/ o Free iron oxide/ . R Complex iron/
Treatments B (emol-kg™)  0.05~0.002 mm o iron oxide/ o
levels (g-kg™") (g-kg™) o (g-kg™)
(g-kg™)
=20 cm HS 5.37+0.02¢ 41.7+2.0a 13.6+0.4a 0.196+0.019h 28.4+0.1ab 3.34+0.10ab 2.18+0.01a
(7K AiL) MS 5.38+0.01¢ 41.3+0.8a 13.2+0.2a 0.186+0.040b 28.6+0.8ab 3.69+0.02ab 2.14+0.05a
CF 5.49+0.03bc 28.2+4.2b 12.6+0.1a 0.224+0.082ab 30.7+0.9a 3.86+0.50a 2.04+0.07a
-80 cm HS 5.48+0.11bc 39.2+3.3a 13.0+0.3a 0.337+0.042a 27.1+0.1b 3.20+0.33b 2.08+0.06a
(IR MS 5.59+0.14b 28.9+3.4b 13.1+0.1a 0.339+2.510a 30.3+0.3a 3.20+0.91b 2.04+0.05a
CF 5.83+0.05a 27.0+2.4b 12.2+0.3a 0.301+0.032ab 30.5+2.3a 3.26+0.07ab 2.01+0.13a
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Table 4 The basic physical and chemical properties in soil before and after the change of test treatment

wm A e sy SRR ERERE A S
Treatments pH Org?ni(l:(rr}?)tter/ (emol-kg") 0.05~0.002 mm l‘re? ir.(i(n 2);1(18/ Amorp}(mlfiu;(l);l oxide/ COEH(P_IEX}II)OH/
g-kg g-kg g-kg g-kg

HS 5.37+0.02¢ 41.7+2.0a 13.6+0.4a 0.196+0.019ab 28.4+0.1ab 3.34+0.10b 2.18+0.01b

= ik 5.52+0.07ab 33.9+1.8b 13.1+0.1ab 0.154+0.013b 30.8+1.3a 3.41+0.20b 2.07+0.03b
MS 5.38+0.01c 41.30.8a 13.2+0.2ab 0.186+0.040b 28.6+0.8ab 3.69+0.02ab 2.14+0.05h
wAk 5.5620.13a 34.5+0.2b 12.4+0.3¢ 0.184+0.021b 29.3+1.5ab 4.12+0.40a 2.12+0.03b
TR 5.38+0.04¢ 43.5+3.9a 13.7+0.2a 0.157+0.032b 27.5+1.3b 3.81+0.25ab 2.05+0.04b
CF 5.49+0.03abc 28.2+4.2¢ 12.6+0.1bc 0.224+0.082ab 30.7+0.9a 3.86+0.50ab 2.04+0.07b
e 5.39+0.03bc¢ 30.6+0.9bc 13.6+0.4a 0.292+0.062a 30.1+0.5a 3.74+0.21a 2.36+0.15a
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Table 5 Correlation analysis of soil physical and chemical properties with soil total and available cadmium contents

s 0 AR e Y R T Y e I
Treatments p Organic matter Total phosphorus ~ Clay Silt Free iron oxide ~ Amorphous iron oxide ~ Complex iron
B -0.417* 0.600%* 0.347 -0.109 0.122 -0.402* -0.335 0.337 0.603%*

ARG -0489%  0.786%* 0.400% -0.233 -0.018  -0.256 -0.531%% -0.207 0.308

11 :n=18+12=30,
Note :n=18+12=30.
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