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Accumulation dynamic of soil Cu and Zn under long-term application of pig

manure in red paddy field

LI Daming LIU Kailou HUANG Qinghai° YU Xichu YE Huicai HU Huiwen XU Xiaolin
National Engineering and Technology Research Center for Red Soil Improvement Jiangxi Institute of Red Soil Nanchang 331717 China

Abstract: As an organic fertilizer pig manure has long history of application in paddy fields and. it can increase soil
organic carbon content improve soil nutrient and increase crop yield. With the development of rural economics and the
sharply increased demand for pig meat intensive pig farms have become the main style of raising pigs and the resulting large
amounts of pig manure have became a potential risk to the rural environment. The reuse of the pig manure was the inevitable
choice to alleviate this environment risk. However the plentiful application of feedstuffs with additives high in Cu and Zn
bring a threat in the use of pig manure in agriculture. So it is important to discover the accumulation dynamics and
chemical characteristics of Cu Zn and evaluate the carrying capacity of pig manure in paddy fields. The present study
analyzed the total and available soil Cu and Zn content after different application times of pig manure in an organic fertilizer
field experiment carried out from 1981. The treatments included combined green manure (22500 kg/hm’) and pig manure
(22500 kg/hm®) in early rice (PM1) combined green manure (22500 kg/hm®) in early rice and pig manure (22500 kg/
hm”) in later rice (PM2) combined green manure (22500 kg/hm®) in early rice and rice straw returning (4500 kg/hm*)
in later rice (GMS) nitrogen—phosphorus—potassium fertilization (NPK). The results showed that long-term application of
pig manure increased soil Cu and Zn content significantly total Cu and Zn increased 7. 69—9.52 mg/kg and 22.42—35.

46 mg/kg after 30 year continuous application of pig manure respectively. The proportion of available Cu and Zn content
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increased from 15% and 5% to 51% and 25% from 1981 to 2010. The pig manure application in early rice or later rice
had no significant effect on the accumulation of soil Cu content but it affected the accumulation of soil Zn significantly the
increase rate was much higher when the pig manures were applied in early rice than that of later rice. The available content
of soil Cu Zn increased more than 10 mg/kg from 2002 to 2010 which far higher than that accumulation in the former 22
years (1981 to 2002). This maybe the result of the higher content of Cu and Zn in the pig manure applied in this period
and/or the saturation of soil stable state Cu and Zn. Based on the result of this study the proper application amount of pig
manure in red-soil paddy-fields is less than 9.5 t hm > a™' which could maintain the soil Cu Zn content below the

national standard of second grade standard (pH <6.5) after 50 year continuous application of pig manure.

Key Words: Cu; Zn; accumulation dynamic; pig manure; long-term field experiment; red paddy field
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Cu<Zn 1591 8710 mg/kg 20% —30%
(GB-4284—1984) ° .
( ) Cu<Zn
6, Cu~Zn
10 o
69
1 Cu~Zn o
1981 ( . )
Cu-Zn Cu-Zn
1
1.1
(116°2024" E 28°15730" N) 1537 mm
1100—1200 mm; 17.7—18.5°C a ) 4.6%C 7 )
28.0—29.8%C, 25—30 m
1981 20a . pH 6.9
( 6a pH 6.5 ) 16.22 g/kg 0.95 g/kg 1.02 g/kg
15.41 g/kg 143.70 mg/kg 10. 30 mg/kg 125.10 mg/kg.
1.2
1981 4 (D) (PM1):
22500 kg/hm’ 22500 kg/hm*;(2) (PM2): 22500 kg/hm’
22500 kg/hm*;(3) (GMS): 22500 kg/hm’ 4500 kg/hm’;
()) (NPK) : N 90 kg/hm’.P,0, 45 kg/hm’.K,0 75 kg/hm’ (NPK) o
60 m’ 3 S5em 50 em o 1981—1988
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PM1-GMS (NPK ) N 45 kg/hm*.P,0, 30 kg/hm*;1989—1995  PMI1-GMS
(NPK ) K,0 37.5 kg/hm®;1996 PMI1-GMS
(NPK ) N.P,0,.K,0 69 30 67.5 kg/hm’. .
( 50% 50%) . 2010 Cu~Zn
1.
1 Cu.Zn
Table 1 The content of Cu Zn and nutrient of the organic manure
Onganic manue Water ;ontent/ (m(;jl/(g) (ng’;l/(g) orgag,“:;bon/ T(o:;lk gN) / ’Z:i ;))/ T(n;/ﬂk ;()/
Pig manure 70.6 879.5 1271.4 340 6.0 4.5 5.0
Rice straw 70.0 17.3 65.4 421 3.3 1.2 7.6
Milk vetch 85.5 27.6 47.4 467 4.0 1.1 3.5
2010 CuZn
1.3
(1981 ) 1985 (  5a).1996 (  16a)-2002 (
22a).2010 ( 30a) CuZn n
Cu+Zn
(@) Cu~Zn (ICP) (
*NY-T 1613—2008) "
(2) Cu<Zn 0.1 mol/L (ICP)
( :NY-T 1613—2008) " .
3) ( »Po
4) Cu~Zn
HMI = HMx :;IM (1)
HM, - HM
HMT = i—IMI . 2)
e < ML, — HMI, -
AM
AM, = HM - HM, 1)
50 x HME
HM, x Cu+Zn (mg/kg) HM, ¥ Cu+Zn (mg/kg) HMI
Cu~Zn (mg kg™" a™') ;HMT Cu~Zn (a) HMs Cu~Zn
(mg/ke) HME (mg kg™ a™') AM (t
hm™2a™") HMI, Cu<Zn (mg kg™" a™") HMI, Cu<Zn
(mgkg™'a™'); HM, Cu.Zn ( mg/kg)
HM, Cu.Zn (mg/kg) 50 50a AM,, Cu~Zn 50a
(thm2a™).
1.4
Excel 2003 SPSS 11.0
(Fisher’s ISD) P < 0.05 Origin 8.0 o
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Fig. 1 The dynamic of soil total copper content in different
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304 PMI N 90 kg/hm?\P,0545 kg/hm*.K,0 75 kg/hm?
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Fig.2 The dynamic of soil available copper content in different
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( 3 4).
s 30a
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16a 30a ;
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2 Cu.Zn Cu.Zn
Table 2 The proportion of available Cu and Zn in total Cu and Zn at different experiment time respectively
Cu~Zn Cu~Zn
The proportion of available Cu  Zn in total Cu Zn/%
Heavy medal species Experiment time /a
PM1 pPM2 GMS NPK
Cu 0 14.9 14.9 14.9 14.9
5 18.6 16.7 13.8 16.1
22 33.7 33.9 24.8 23.7
30 56.7 45.1 39.8 33.6
Zn 0 5.3 5.3 5.3 5.3
5 5.6 5.0 3.7 3.5
22 9.8 7.4 5.0 4.8
30 27.9 27.4 7.0 5.9
PM1: 22500 kg/hm? 22500 kg/hm?*;PM2: 22500 kg/hm? + 22500 kg/hm? ;GMS:
22500 kg/hm? + 4500 kg/hm? ;NPK: N 90 kg/hm?.P,0,45 kg/hm?\K,0 75 kg/hm?
75 | —=— PMI _
E, £ 20 1
Eﬂ E 16
3 60 ®E |
£ ¢f
S g 12
43 ® o
WE 45 | ' g
H 3 Bo 8¢
g %
3 30 f E; *
1 ] 1 1 1 1 ] c ol
0 5 10 15 20 25 30 . ) w g £ 0 3 D
Rt R4 B
- ERAER Experiment time/a
Experiment time/a
4
3 Fig.4 The dynamic of soil available Zinc in different experiment
Fig.3 The dynamic of soil total Zinc in different experiment time time
( 4). 22a
8a PM1 PM2 :14.43 mg/kg  12.14 mg/kg
22a 2.52 mg/kg 1.44 mg/kg( 4). 30a PM1  PM2
16.06 mg/kg  12.69 mg/kg(P <0.01).
(P <0.05).
30a  PM1I  PM2
28% 27% ( 2).
: 22a (2002 )
2.3 N
CuZn 30a 1981—2002
Cu~Zn 2002—2010 Cu~Zn Cu~Zn
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1.49—1.54 mgkg'a™' 1.69—3.02 mg kg ' a”' « 3).
; (NPK) 2002—2010
1.58 mg kg™ a™
¢ 3)-
22500 kg/hm’ Cu.Zn
(GB15618—1995) o Cu.Zn 22a
( 2002 ) Cu~Zn o
2.4 Cu~Zn
2002—2010 ( 22.5
thm?a™") ( NPK ) Cu 7Zn 21.6 66.5
« 9 Cu
o Cu Cu 50a
9.73 thm *a '
3 N

Table 3 The accumulation speed of soil Copper and Zinc in different experiment period

N

Accumulation speed of soil Copper and Zinc (mg kg™ a™!)

Experiment period Year oML S OMS NPK
Total Copper 1981—2002 - — - —
2002—2010 1.490 1.541 - -
1981—2010 0.256 0.317 - -
Total Zinc 1981—2002 0.512 0.485 0.176 —
2002—2010 3.024 1.693 - 1.583
1981—2010 1.182 0.807 0.098 0.390
4 Cu.Zn

Table 4 The time to exceed the standard of soil Cu and Zn and pig manure bearing capacity of red paddy field

Heavy medal species

Cu+Zn

The time to exceed the

Cu~Zn
Accumulation speed of soil Copper

standard of soil C
and Zine/(mg ke~ a-1) standard of soil Copper

The pig manure bearing capacity

of red paddy field/

and Zinc(a) (thm2a")
Cu 1.52 21.6 9.73
7Zn 2.36 66.5 29.94
2002—2010 Cu+Zn Cu~Zn (pH <
6.5) 50a Cu~Zn
3
3.1 Cu~Zn
14-16
80 30a Cu+Zn Cu~Zn
Cu+Zn 6817 30a
Cu~Zn (GB 15618—1995) ;
2002—2010 Cu.Zn Cu.Zn o
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2002—2010 12a( 22.5thm2a™")
(GB 15618—1995); Zn 44a
o Cu o
9.5thm*a”' 50a Cu ; N.P Cu~Zn
17 .
3.2 Cu+Zn
Cu~Zn Cu~Zn
(1981—2002 ) (2002—2010 ). 3 :1)
Cu<Zn Cu.Zn " 2002
Cu~Zn ;2002
Cu.Zn
2002 Cu+Zn :2) Cu~Zn
Cu~Zn Cu~Zn
:3) Cu~Zn o
DOM 6202
4
Cu+Zn Cu~Zn o N
8a(2002—2010) o
o Cu ; Zn o
9.5thm *a' 50a Cu~Zn o
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