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Abstract Phosphorus P enhances eutrophication of fresh water bodies. This study was conducted to determine P dynamics of floodwater
and percolation water, and to assess P losses through leaching and its environmental impact in different rice tillage fields during the rice grow—
ing season of 2008. The four treatments conducted in this study were no-tillage + no fertilizer NTO , conventional tillage + no fertilizer CTO ;
no-tillage + compound fertilizer NTC and conventional tillage + compound fertilizer CTC . The results showed that total P TP , dissolved
P DP and particulate phosphorus PP concentrations in floodwater all peaked two days after P application. Afterward, they declined then
reached to background levels two weeks after application of fertilizer P. Both TP and reactive P RP in percolation water also peaked two
days after P application then decreased. TP in percolation water came to background values one and half months after P application but RP
reached to background values just four days after P application. TP, PP and DP concentrations in floodwater in NTC all were significantly
higher than those in CTC whereas no significant difference was observed between NTO and CTO. Application of P fertilizer significantly en—

hanced TP, DP and PP concentrations of floodwater, and TP and RP concentrations of percolation water. Compared with conventional tillage,
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no—tillage did not affect RP, and TP concentrations and P losses through leaching. The analysis of P dynamics of floodwater and percolation
water showed that it was the key time in one week after P application to control P losses.
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Figure 1 Variations of floodwater TP, PP and DP in paddy fields



530 2010 3

TP 0.26~1.0 mg-1.™! 0.62+0.1 mg-L." 0.48+0.03
0.57£0.08 mg-L." 0.46+0.10 mg- L™ 6 17
mg- L7, NTC  CTC NTO  NTO NTO  CTO
TP NTO  CTO P<0.01 NTC Dp 0.04~0.21 mg-L.™
CTC P<0.01 NTO CTO P> 0.1£0.02 mg-L7'  0.09+0.01 mg-
0.05 . o NTC  CTC
pp TP DP NTO NTC P<0.01 NTC
1 b 1 CTC P<0.05 NTO NTO P>0.05 ,
NTC  CTC PP 9.17+0.16 2.2
mg-L™ 7.838+0.12 mg-L™ 6 2 a 1
21 NTC  CTC PP NTO NTC  CTC TP 0.61+
CTO NTO  CTO ppP 0.054 mg-L" 0.60+0.065 mg-L™
0.28~0.72 mg-L™" NTO  CTO
0.49£0.09 mg-L™"'  0.45+0.10 mg-1.", TP 0.05~0.15 mg-L™
NTC  CTC PP 0.08+0.015 mg-L7"  0.09+0.020 mg-L™,
NTO  CTO P<0.01 NTC CTC P<0.01 NTC  CTC TP
NTO  CTO P>0.05 , NTO  CTO P<0.01 NTC  CTC
1ec Dp P>0.05 NTO CTO P>0.05 ,
TP PP o 2d NTC  CTC RP
NTC  CTC DpP 2 b 0.57+0.025
§ 0.80 (a)
8 0.70
.;g T_,‘ 0.50F
£ ¥ osf
& £ os0f
% 0.20+
2 o g 2 :
e T S T S S I T S \

00 1 [ 1 1 L= 1 1
06-03 06-05 06-07 06-09 06-17 06-21 06-25 07-15 07-17 07-25 08-06 08-08 08-14 08-20 08-28 09-09 09-25 10-02
¥ H ¥ sampling date/ - H

(b)

B R/ #B% percolation water
RP/m,
o
w
S

A

1 1 1 . 1 | 1 |
06-03 06-05 06-07 06-09 06-17 06-21 06-25 07-15 07-17 07-25 08-06 08—-08 08—14 08-20 08-28 09-09 09-25 10-02

FH¥E H # sampling date/ H - H

€ NTO =& CTO & NTC -A-CTC
2 BERERASBES BEBNNS
Figure 2 Variations of percolation TP and RP in paddy fields



29 3 531
mg-L"  0.53+£0.060 mg-L™" 4d 0.02 mg-L'B"
NTO  CTO NTO  CTO o
RP 0.047~0.147 mg-1." 3.2
0.075+0.023 mg-1'  0.07320.021 mg-L", NTC  CTC TP RP
NTC  CTC RP
NTO CTO P<0.01 NTC CTC 22 NTC  CTC
P>0.05 NTO CTO P>0.05 . RP TP
23 (233
1 NTC  CTC NTC  CTC RP TP
DP TP NTO o 6
CTO =, 7 p
DP TP o DP p NTC  CTC
0.24~0.35 kg-hm™ DP RP TP o 4d
2, . \ NTC ~ CTC RP
o TP
1 kg P-hm™
Table 1 P leakage from different treatments during rice growing o
season in paddy fields kg P-hm™ NTO.CTO.NTC CTC RP/TP
TP DpP 61.13%~92.74%
NTO 0.27a 0.25a Hansen
CTO 0.30a 0.24a 75% [34-35]
NTC 0.56b 0.34b
CTC 0.52b 0.35b PP 2 )
5% °
Notes Different letters in a row mean significant differences at the 5%
level. o
3 4
3.1 1
1 1 o
[24-25] 3 P DP
&4l 0.04~0.1 mg- 1. RP
° 0.047~0.117 mg- L™
6 17 NTC TP.DP PP o
CTC 6 17 NTC TP, 4
DP PP CTC o o
[27-28] [1] . , L.
O Il ,2004,15 6 97-99.
| LI Qing—zhao, WANG Ding—yong, ZHU Bo, et al. Study of phosphorus
load from purple soil cropland in mid-sichuan[J]. Soil Wazer Conserv,
-0 DP 0.04 ~0.62

mg- L™

2004,15 6 97-99.
(2] , , .o -



532

2010 3

[J]. ,2006,39 1 118-124.
LIU Fang, LUO Hai-bo, SHU Ying—ge, et al. Soil phosphorus release to
the water bodies in the upland fields of yellow soil areas and the influ—
encing factors[J]. Sci A gri Sinica, 2006,39 1 118-124.

[3] Sharpley A N, Chapra S C, Wedepohl R, et al. Managing phosphorus for
protection of surface warter Issues and options[J]. J Environ Qual,
1994, 23 437-451.

[4] ZHOU M R D, Hanis W G. Phosphorus sorption characteristics of bh and
ht horizon from sandy costal plain soils[J]. Soil Sci Soc Am J, 1997, 61
1364-1369.

[5] ZHANG Z J, ZHU Y M, GUO P Y, et al. Potential loss of phosphorus
from a rice field in taihu lake basin[J]. J Environ Qual, 2004, 33 1403-
1412.

[6] Harada H, Ota T, Murakami S. Water conservation effect of puddle elim—
ination or reduction in depth of ponding water on pollutant loads before
rice transplanting in Hachirogata polder[C]. Proceedings of the World
Rice Research Conference, Tokyo Japan 2004, 281.

|7] Hossain M Z, Shibuya K, Saigusa M. No-tillage transplatating system of
rice with controlled availability fertilizer in the nursery box. 1. Growth
characteristics and yield of rice in three representative paddy soils[J].
Tohoku JAgr Res, 2000, 50 3-4 71-86.

[8] R s , .

,2003,17 1 52-59.
70U Ying-bin, LI Ke—qin, REN Ze—min, et al. Advances in studies on

[JI-

direct planting of rice with or without plowing[J]. Crop Research, 2003,
17 1 52-59.
|9] Harada H, Kobayashi H, Shindo H. Reduction in greenhouse gas emis—
sions by no —tilling rice cultivation in Hachirogata polder, northern
Japan life—cycle inventory analysis|J]. Soil Sci Plant Nutr, 2007,53 668—
6717.
[10] . . [J]-
,2003,17 4 174-175.
REN Ze-ming. Prospects for rice no—tillage direct—planting and no—
tillage broadcasting—seedlings cultivation techniques in Hunan[J]. Crop
Research,2003,17 4 174-175.
[11] , ) ,
[J]- ,2004,10 4 343-348.
GAO Ming, ZHANG Lei, WEI Chao—fu, et al. Study of the changes of
the rice yield and soil fertility on the paddy field under long—term no—
tillage and ridge culture conditions [J|. Plant Nutr Fertil Sct, 2004, 10
4 343-348.
[12] R s , . N
[J]- , 2004, 15 7 1177-
1181.
GAO Ming, ZHOU Bao—tong, Wei Chao—fu, et al. Effect of tillage sys—
tem on soil animal, microorganism and enzyme activity in paddy field
[J]. Chin JAppl Ecol,2004,15 7 1177-1181.
[13] Bhattacharyya R, Kundu S, Pandey S C, et al. Tillage and irrigation ef—
fects on crop yields and soil properties under the rice—wheat system in
the Indian Himalayas|J]. Agr Water Manage, 2008, 95 993-1002.
[14] Bhushan L, Ladha J K, Gupta R K, et al. Saving of water and labor in a

rice—wheat system with no-tillage and direct seeding technologies|J].
Agron J,2007,99 1288-1296.

[15] Gangwar K S, Tomar O K, Pandey D K. Productivity and economics of
transplanted and direct—seeded rice Oryza sativa — based cropping
systems in Indo—Gangetic plains[J]. Ind JAgr Sci, 2008, 78 655-658.

[16] Wang K, Zhang Z J, Zhu Y M, et al. Surface water phosphorus dynam—
ics in rice fields receiving fertiliser and manure phosphorus|J]. Chemo—
sphere, 2001, 42 209-214.

[17] Zhang H C, Cao Z H, Wang G P, et al. Winter runoff losses of phospho—
rus from paddy soils in the Taithu Lake Region of South China [J].
Chemosphere, 2003, 52 1461-1466.

[18] Zhang Z J, Zhu Y M, Guo P'Y, et al. Potential loss of phosphorus from a
rice field in Taihu Lake Basin[J]. J Environ Qual, 2004, 33 1403-1412.

[19] Zhang H C, Cao F L, Fang S Z, et al. Effects of agricultural production
on phosphorus losses from paddy soils a case study in the Taihu Lake
Region of China[J]. Wetlands Eco Manage, 2005, 13 25-33.

120] : M]. ,

1989 246-248, 274-275.

SEPA. Methods for examination of water and wastewater[M]. Beijing

China Environmental Science Press, 1989 272-274, 256-258, 278 -

280.

o, 1l

1 81-85.

, 1999, 11

XU Xiang—yang, LIU Jun. Simulation of organic matter loss in the area
around Taihu(J]. J Lake Sci, 1999, 11 1 81-85.

[22] , ) ,
Olsen [J]. ,2007,31 3 52-56.
LI Wei—zheng, WANG Gai-ping, ZHANG Huan—chao, et al. Phospho—
rus move down by leaching and related to Olsen =P of surface soil in
two paddy soils[J]. J Nanjing For Uni, 2007,31 3 52-56.

[23] Zhang H C, Cao Z H, Wang G P, et al. Winter runoff losses of phospho—
rus from paddy soils in the Taihu Lake Region of South China [J].
Chemosphere, 2003, 52 1461-1466.

[24] , , ,

[J]. ,20006,17 10 1845-1848.
ZHOU Quan-lai, ZHAO Mu—qiu, LU Cai-yan, et al. Effects of P appli—
cation on P concentrations in paddy soil and its surface water A simu—
lation test[J]. Chin JAppl Ecol, 2006, 17 10 1845-1848.
[25] , . ,
[J]. ,2007,21 4 47-50, 116.
ZHOU Ping, FAN Xian-peng, HE Bing-hui, et al. Research on loss
risk of phosphorus in surface water of paddy soil in Jianghan Plain Re—
gion[J]. J Soil Water Conserv,2007,21 4 47-50, 116.
[26] . , . . p
[J]. ,2009, 18 2 126-131.
LI Cheng —fang, CAO Cou —gui, WANG Jin —ping, et al. Phosphorus
variations of paddy fields in rice —duck and rice —fish ecosystems|J].
Resour Environ Y angtze Basin, 2009, 18 2 126-131.

[27] Phiri S, Amezquita E, Rao I M, et al. Disc harrowing intensity and its

impact on soil properties and plant growth of agropastoral systems in

the Llanos of Colombia[J]. Soil Till Res, 2001, 62, 131-143.



29 3

533

[28] Borie F, Redel Y, Rubio R, et al. Interactions between crop residues
application and mycorrhizal developments and some soil-root interface
properties and mineral acquisition by plants in an acidic soil [J]. Biol
Fertil Soils, 2002, 36 151-160.

[29] . . - -

[J]. ,2001,12 2 229-232.
ZHANG Zhi-jian, ZHU Yin-mei, WANG Ke, et al. Phosphorus behav—
ior in soil-water system of paddy field and its environmental impact[J].
Chin JAppl Ecol, 2001, 12 2 229-232.
ORI , ,
1. ,2005,24 2 357-361.
JIN Jie, YANG Jing—ping, SHI Hong—xin, et al. Variations of nitrogen
and phosphorus in surface water body of a paddy field[J]. J A gro—Envi—
ron Sci, 2005,24 2 357-361.

[31] Sharpley A N, Meyer M. Managing agruculture nonpoint—source overview
[J]. J Environ Qual, 1994,23 1-3.

[32] Heckrath G, Brooks P C, Poulton P R, et al. Phosphorus leaching from
soils containing different phosphorus concentrations in the Broadbalk
Experiment[]J]. J Environ Qual, 1995, 24 904-910.

[33] Simard R R, Beauchemin S, Haygarth P M. Potential for preferential
pathways of phosphorus transport|J]. J Environ Qual, 2000,29 97-105.

[34] Hansen N C, Gupta S C. Snowmelt runoff, sediment and phosphorus
losses under three different tillage systems|J]. Soil Till Res, 2000, 57
93-100.

[35] Gaynor J D, Findlay W 1. Soil and phosphorus loss from conservation
and conventional tillage in corn production[J]. J Environ Qual, 1995,

24 734-741.



