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Abstract The continuous and excessive application of phosphorus (P) fertilizers and manure in intensive agricultural systems have
led to soil P accumulation and progressive saturation of soil sorption capacity. This has significantly influenced soil P loss and P
accumulation in aquatic ecosystems. The Taihu Lake Region of the Yangtse River Delta has for decades been a highly intensive
agricultural production zone in China. Here, applications of chemical fertilizers and farmyard manure have been an effective method
of improving soil fertility and productivity. Long-term applications of fertilizers and/or manure, often in excess of immediate plant
uptake, have resulted in significant P accumulation and loss in this region. This has considerably increased the potential for
eutrophication in the Taihu Lake. The change-point theory (with a soil Olsen-P content threshold above which the potential for
significant P loss from soils to water systems occurred) has been considered to be scientific and useful in P management in
agricultural soils. Up to date, however, there has been less report with respect to the Olsen-P change-point theory for paddy soils in
the Taihu Lake Region. In this study, a long-term (13 years) P fertilization experiment in four P application doses (0 kg-hm>a™", 30
kg-hm2a™!, 60 kgrhm2-a™' and 90 kg'hm *a™') was conducted in the Taihu Lake Region to evaluate the accumulation of Olsen-P
under rice-wheat rotation cropping system. The experiment evaluated the environmental risks caused by P loss from soils to water
systems. Topsoil (0~15 c¢m), surface water and leachates (30 cm and 60 cm) Olsen-P and total P (TP) contents were determined.
Furthermore, a split-line regression model was used to estimate the risks of P loss from soils to water bodies and the change-point of
soil Olsen-P in the Taihu Lake Region determined. Although, TP concentrations in surface water bodies and in 30 cm leachate

significantly increased with increasing application rate of fertilizer-P, no significant increase was observed in the 60 cm leachate. As
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the risk of P runoff was mainly in the first 9 days after fertilizer-P application, it was advisable to control paddy field drainage during

this period. Split-line regression analysis suggested that the change-points of Olsen-P content in surface soil triggering P leaching and

!and 90 kghm™>a™' for 13 years

runoff were respectively 26.0 mgkg™, 24.8 mgkg™'. Fertilizer-P application at 60 kg-hm>a"
resulted in respective soil Olsen-P accumulation of 26.9 mg-kg™" and 33.2 mg-kg™, which were all higher than the change-points. TP
concentration of 30 cm leachate was also increased significantly. With continuous application of fertilizer-P at 30 kg-hm2-a™! for 13
years, soil Olsen-P content remained at (10.1£2.0) mg-kg™". This was sufficient for optimum rice/wheat growth without any risk of P

loss. It was therefore not suitable to continuously apply 60 kg'hma™' of fertilizer-P for a long time in paddy fields. The results

2.a7! were suitable for rice-wheat rotation

demonstrated that intermittent fertilizer-P applications at 30 kg'hm=-a™' and 60 kg-hm™
cropping system in the Taihu Lake Region.

Key words Rice-wheat rotation system, P fertilization, P accumulation, Olsen-P, Environmental risk, Topsoil, Surface water,
Leachate
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1
Table 1 Treatments and application rates of fertilizers in rice, wheat seasons of rice-wheat rotation system kg-hm™
Code Treatment P fertilizer [kg(P)-hm 2] N fertilizer [kg(N)-hm™?] K fertilizer [kg(K)-hm 2]
PO No P fertilizer 0/0 270/225 90/60
P1 Low P 10/20 270/225 90/60
P2 Suitable P 20/40 270/225 90/60
P3 High P 30/60 270/225 90/60
“10/20” 10 kg-hm’z, 20 kg-hm’z, “10/20” represents that P application rate was 10
kg-hm™2-a™" for rice and 20 kg-hm2-a™' for wheat, and so on.
1.3 phosphorus, STP, Olsen-P)
, P( 30 cm , TP)
3 e¢cm PVC | s s Olsen-P
, 2 cm 4 05cm TP=m,(Olsen-P)+c; Olsen-P
s 100 S TP=m;(Olsen-P)+my(Olsen-P—Tpjsen.p)+C ,C
R 1 , my Olsen-P , M,
0.3 cm PVC Olsen-P m,
Tolsen-p Olsen-P c m My Touenp
, 4 SAS 8.2
2011 1d 3d 4d 5d (PROC NLIN) - (Gauss-Newton)
9d 15d 20d 25d 30d 50d 60d 75d [
90 d, 30cm 60 cm ) EEESE
2000 2002 2004 2006 2008 2011 2.1 Olsen-P
(0~15 cm), , 13 ,
(Olsen-P) Olsen-P (2
- [ Olsen-P (PO), Olsen-P ,
0.5 mol-L™' NaHCO; - (2] 1998  7.56 mgkg! 2011 4.73 mgkg ™,
1.4 37.5% 1998—2000 , Olsen-P
Excel 2003  SAS 8.2, (P<0.05),  7.56 mgkg" 5.83 mgkg™,
Excel 2003 2000—2011 , Olsen-P
split-line )
Olsen-P 3.13] , ,
P(soil test
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Table 2 Contents and changing trends of Olsen-P in surface soil of paddy field under different P fertilization treatments
PO P1 P2 P3
Year Content Increasing Content Increasing Content Increasing Content Increasing
(mgkg ™) (%) (mgkg ) (%) (mgkg ) (%) (mgkg ) (%)
1998 7.56+0.10a — 7.56+0.10c — 7.56+0.10e — 7.56+0.10e —
2000 5.83+0.93b -22.9 7.15£0.72¢ -5.4 10.54+0.89d 39.5 11.49+0.37d 52.0
2002 5.43+0.62b -28.1 10.13+0.82b 33.9 12.80+1.57d 69.3 16.48+1.22¢ 118.0
2004 5.89+0.18b -22.2 11.55+0.31ab 52.7 19.54+0.04c¢ 158.5 28.47+1.77b 276.6
2006 5.21+£0.25b -31.1 12.10+0.71a 60.0 24.35+0.93b 222.1 28.824+2.40b 281.2
2008 5.12+0.17b -32.3 10.73+0.13ab 42.0 22.32+0.89b 195.2 32.71+0.78a 332.6
2011 4.73+0.23b -37.5 11.56+0.36ab 52.9 26.89+0.77a 255.7 33.21+0.40a 339.3
(P<0.05), Values within a column followed by different letters are significantly different at P < 0.05. The

same below.
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Fig. 1 Dynamic changes of total P (TP) concentration in sur-

face water of paddy field under different P fertilization
treatments
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Table 3 Dynamic changes of total P concentration in leachate of 30 cm and 60 cm soil profile of paddy field under
different P fertilization treatments mg-L™!
Days after P application (d)
Treatment 5 9 15 20 25 30 50 60 75 90
30cm PO 0.12+£0.02bc  0.14+0.02ab 0.04+0.01c ~ 0.20+0.03b 0.01+0.00e 0.06+0.02b 0.06+0.01d  0.04+0.02cd 0.07+0.01d  0.04+0.00d
Pl 0.12+£0.04bc 0.1240.03b  0.03+0.0lc  0.19+0.01b 0.02+0.01de  0.05£0.02b 0.06+0.01d  0.11£0.08abc 0.09+0.03d  0.07:0.03bcd
P2 0.10£0.0lc  0.16£0.05ab 0.20£0.07a  0.22+0.03b 0.03£0.0lcde 0.07+0.02b 0.11£0.03abc 0.15+0.10ab 0.13+0.01bc 0.06+0.01cd
P3 0.22+0.05a 0.2120.06a 0.20£0.08a  0.29+0.03a 0.06£0.03ab 0.18+0.04a 0.13+0.04a  0.17+0.08a  0.10+0.0lcd 0.06+0.00cd
60cm PO 0.12+£0.01bc 0.21£0.10a  0.07+0.01bc  0.20+0.03b 0.04+0.0l1cd  0.04+0.01b 0.09+0.01c ~ 0.03+0.00d  0.09+0.01d 0.06+0.01cd
P1 0.11+0.02bc 0.13+£0.0lab 0.04+0.02c  0.20+0.01b 0.05+0.02abc 0.04+0.02b 0.09+0.01bc  0.06+0.01cd 0.104+0.02cd 0.08+0.02abc
P2 0.13£0.02bc 0.18+0.03ab 0.10+0.08abc 0.23+0.05b 0.06+0.02a 0.06+0.01b 0.11+0.01ab  0.09+0.05bcd 0.16+0.03ab 0.10+0.04ab
P3 0.14£0.02b 0.14+0.0lab 0.18+0.08ab 0.20£0.02b 0.04+0.02bcd 0.06£0.02b 0.09+0.0lc  0.08+0.03cd 0.18+0.06a  0.11+0.07a
24 Olsen-P 2011
Hesketh (3] Olsen-P (Corsen-p) s
Olsen-P* ” , split-line
Olsen-P (Crp) ( 2),
Crp =0.018 1Cpjsen.pt0.079 3 (Colsen-p=24.8 mg-kg’l)
Crp =0.048 7Cosenp—0.680 63 (Corenr>24.8 mg'kg™)  (n=15, R*=0.81) (D
Olsen-P 24.8
mg-kg’l, Olsen-P , , 2011
Olsen-P Olsen-P (Cotsen-p) s
; Olsen-P , 30 cm
, (Cre) ( 3,
CTp :0-004C0lsen—P+0~070 0 (COlsen—P§26~0 mgkgfl) (2)
Crp =0.009Csenp—0.060 0 (Corsen-p>26.0 mg-kg™) (n=15, R*=0.64)
o6 ~ 03
6«“ 1
E B
5 E 0.4
= w, 2
L, = B s
hﬂ—% [+ ] .
® g § g 03 26.0mgke” @
gﬁ E i o=
m @ |
¥ E % 5 02
E 5 zE
H B =]
= 8 0.1
3 g
g 3
s . E
= 0 10 20 30 40 50 0 10 20 30 40 50 60

Olsen-P concentration in surface soil (mg-kg™)

2 1 HiOlsen-PHe FF

2 +HiOlsen-Pif Ji

Olsen-P concentration in surface soil (mgkg™)

2 FEHBEEKDBRESRELE Olsen-P ZEHY 3 &M 30 cm BiRAk P 2HIRE 5% /E 1% Olsen-P

XEH SENXAR
Fig. 2 Relationship between total P concentration in surface Fig. 3 Relationship between total P concentration in 30 cm
water and Olsen-P content in surface soil of paddy field leachate and Olsen-P content in surface soil of paddy field

mg-kg"l,

Olsen-P

Olsen-P , 30 cm ( 4

26.0 2.5



398 2013 21
F4 KE#SEEREKES/NE LNFEWE
Table 4 Effect of long-term application of P fertilizer on the yield of rice and wheat rotation kg-hm™
Year

Crop Treatment 1998 2000 2002 2004 2006 2008 2010 2011
PO 8177a 6 090a 8 537b 7 698a 7 589b 7 845b 8 248b 8 080c
Rice P1 8 214a 6 158a 8 757ab 7767a 8 151ab 8 100ab 8 808ab 9 182a
P2 8 288a 6 389a 8 955ab 7 854a 8 255ab 7 815b 8 307ab 9 081a
P3 8 103a 6 323a 9 291ab 7 958a 8 144ab 8 115ab 8930a 9257a
PO — 3252¢ 1 943b 4461b 4 790b 4 635¢ 4214b 4 145b
Wheat P1 — 5031a 2 310ab 5781a 6 725a 5366b 6 455a 6513a
P2 — 4 818ab 2 169ab 5549a 7401a 5996a 6 050a 6 574a
P3 — 4613b 2 547a 5652a 7 533a 5340b 6 199a 7 065a

ferent at P < 0.05.
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