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Spatio—temporal Characteristics of Heavy Metal Accumulation in Soil-rice Cropping System Under Different
Phosphate Fertilizer Concentrations

CHEN Bao—yu, WANG Hong—jun, CAO Tie-hua, LIANG Xuan-he, YANG Jian, REN Jun

(Agricultural Environment and Resource Research Center, Northeast Agricultural Research Center of China, Changchun 130033, China)
Abstract: To further understand the phosphate fertilizer as a major pollution source of heavy metals in paddy field, we used the field test and
the indoor analysis technique to study spatio—temporal accumulation, distribution characteristics of Cd and Pb elements in soil-rice system.
The study site was located in old—paddy field, Rinma River, Jiutai in Jilin Province, and the phosphate fertilizer in our experiments was sepa—
rated into five treatment concentrations. Our results showed the contents of Cd and Pb elements in the phosphate fertilizer were higher than
that in soil, but not more than the limited values of national secondary standards of soil environment quality. After heavy metals in soil and
phosphate fertilizer were absorbed by rice plant, a majority of these metals were still detained in the underground part, only a little were car—
ried to aboveground part of rice. Of all the parts of rice plants, heavy metals accumulation concentrations in rice roots were the highest. The
concentration of heavy metals in root, leaf and paddy reached the highest level in autumn as the rice gets mature. The trans—conductive se—
quences of Cd and Pb elements in different part of rice were:root>paddy>leaf>stem and root>leaf>paddy >stem, and the sequence of two
heavy metals in aboveground parts of rice was:Cd > Pb. The relationship between the treatment concentrations of phosphate fertilizer and
content of heavy metals in soil and rice plant was analyzed by using linear regression. Statistical test showed that the treatment concentrations
of phosphate fertilizer were significantly correlated with content of heavy metals(P<0.05). Our study indicated that applying excessively phos—
phate fertilizer might lead to heavy metals pollution in soil-rice system, even potential menace to people and livestock.

Keywords ; phosphorus fertilizer; soil-rice system; heavy metals; spatio—temporal accumulation; non—point source pollution.
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Table 1 Main physical and chemical characteristic of soil samples
SR/ 2By BEEY W AR CEC
g'kg'  gkg? gekg? gekg? grkg?  emolkg!
0.009 9 0.47 14.73 25.32

pH

6.67 1.93 0.19

1.3 ARF*E
1.3.1 R

RIAR B AE R 5 AN 4 REER , /D
X 20 m?, FEHLIX HHED . £ AL3E A : T1(CK), A
HE L s T2,P,05 40 kg -hm2; T3, P,05 80 kg -hm>;T4,
P,05 120 kg-hm™?; T5,P,05 150 kg hm>, 45 ZbFEBEAT Y
YEZENE . FACFIBR AL A5 & 5 A4S B FURDAE AR ],
Jt R 2 (N)225 kg-hm™ FIE L HF (K,0)90 kg-hm?, 45
NI RS B, RS R R G , AR RE K 5 o FE 43
BERA TR H 2R RN A B A R o AK A
PRFAZEM /K vhise , $AR (25 (I FFPRL R T, R T Mt
TR, RE i T E .

1.3.2 WiEF:

8 B AE RRE R AE S 43 ) & Mk HNO, FIVE
HCI0, JH 1L )5 , A &4 (#15 UN I2CAM GF90 plus
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(%45 UN ICAMSOLAAR 989)lll 2 & 48 Pb & &,

IR RFTHE SR R EE I RE

2 HBREHZM

21 TERBENESES RE

IR AR R (R DATLLE, 8558
SR, TIEAIR S BB, N 147%, HE2 7]
U, BEAEAN L3RRS, Cd R Pb & &4 5 A T 18
HESE SR 40.0%F 5.32%, BEIEF 8t 2 fhE
SRR E R ER LIEAE R E R
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Table 2 Background values of soil and phosphorus fertilizer
HEBR SR mg-kg!

B

cd Pb
PR 0.35 3.17

% 0.25 3.01

IR R AR ( 2R 0.60 300.0
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Table 4 The enrichment coefficients of heavy metal in different

parts of rice plant
HERK
HERE A4 1?& it = e
Cd T5 1.13(0.11) 0.56(0.06) 0.30(0.01) 0.70(0.05)

T4 1.46(0.15) 0.58(0.03) 0.32(0.06) 0.82(0.07)

T3 1.56(0.21) 0.58(0.04) 0.33(0.05) 0.79(0.04)

T2 1.00(0.07) 0.38(0.01) 0.28(0.02) 0.51(0.05)

T1(CK) 0.74(0.02) 0.35(0.03) 0.15(0.01) 0.42(0.02)

Pb T5 2.50(0.41) 0.48(0.01) 0.26(0.03) 0.44(0.03)
T4 2.48(0.33) 0.47(0.11) 0.20(0.01) 0.43(0.02)

T3 1.65(0.17) 0.44(0.07) 0.18(0.01) 0.36(0.07)

T2 1.56(0.15) 0.41(0.03) 0.11(0.03) 0.33(0.05)

T1(CK) 1.46(0.12) 0.36(0.02) 0.06(0.01) 0.27(0.02)

T R AR AR BRI, 46 5 AR ERR o

R3 ESREIRKBRETHZESH

Table 3 Spatial distribution of heavy metal in soil-rice system

HeR

He R & E/mg kg

R
TS5 T4 T3 T2 T1(CK)
Cd +i% 0.356(0.02)aA 0.265(0.07)bB 0.257(0.11)cB 0.243(0.04)cB 0.238(0.07)cB
i 0.403(0.08)aA 0.387(0.02)aA 0.384(0.09)aA 0.244(0.09)bB 0.176(0.05)cC
- 0.200(0.01 )aA 0.153(0.04)bB 0.143(0.03)bB 0.093(0.01)cC 0.084(0.06)cC
E-3 0.105(0.01 )aA 0.084(0.006)bB 0.082(0.01)bB 0.067(0.009)cC 0.035(0.03 )dD
pag A 0.250(0.03 )aA 0.217(0.15)bB 0.194(0.17)cB 0.123(0.01)dC 0.100(0.07 )eC
Pb i 4.344(0.18)aA 4.093(0.17)bAB 3.993(0.27)bBC 3.747(0.25)cC 3.100(0.28 )dD
vics 10.883(0.81)aA 10.144(0.72)bB 6.601(0.82)cC 5.849(0.54)dD 4.521(0.49 )eE
- 2.073(0.13 )aA 1.943(0.12)abA 1.770(0.33))bcA 1.536(0.11)cB 1.130(0.15)dC
E-3 1.150(0.07 )aA 0.825(0.05)bB 0.700(0.12)cB 0.420(0.08)dC 0.180(0.02)eD
pag A 1.93(0.11)aA 1.79(0.10)aA 1.44(0.20)bB 1.23(0.07 )cC 0.83(0.03)dD

B NEFRMREF GRS a<0.05 fl 0<0.01 BEKY 155 FATRHER (n=3), RPEIRRKFERANIEERE
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Figure 1 Seasonal changes of heavy metal Cd in rice plant
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Table 5 The relationships between heavy metal content and the
dosages of phosphorus fertilizer

EERE FHEKERE EY= oy HRRE

cd +3 y=0.155+0.22 0.63%*
i) y=0.80x+0.91 0.39*

i y=0.665+0.29 0.80+*

E y=0.25x+0.19 0.80+*

¥R y=0.90x+0.36 0.90+*

Pb +i y=1.72x+3.23 0.91%*
1" y=10.295+4.12 0.94%%

ny y=1.40x+1.22 0.96+*

E3 y=1.41x+0.18 0.98%
ARL y=1.68x+0.88 0.99%
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Figure 2 Seasonal changes of heavy metal Pb in rice plant
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