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Abstract: [ Objectives] The objective is to provide the basis for reducing agricultural non-poimt source pollution

by evaluating phosphorus ( P) balance in paddy soils in red soil zone of south China and its environmental effect

under different P application rates. [ Methods] A continuous 3 —year (2011 =2013) field experiment design was
used, and 4 different P application rates were selected, P,0,0, 63 =81, 126 —162 and 252 —324 kg/hm’. In this

study, yields and P concentrations of grain and straw of both early cropping rice and late cropping rice were
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detected, and P surplus was calculated by the difference of P levels and aboveground P accumulation. Moreover,
total P in field water above soil surface at 1, 2, 3, 5,7 and 9 days after the basal and earing fertilizing was also
detected, then the relation between total P in field water above soil surface and soil Olsen-P concentration from
2011 to 2012 year was analyzed by the split-line model. [ Results]The P,0, 63 81 kg/hm” phosphorus treatment
significantly improves the rice yield as compared with the non P fertilization control, and not significant as compared
with the treatment of double and 4 times P rates of the fertilizer. The fertilizer-P application increases the
aboveground P accumulation, soil P surplus and soil Olsen-P concentration which are increased with the increment
of the P fertilizer amounts. The total phosphorus (TP) in the field water is high during the first 1 =3 days in the
control , which is the dangerous duration for P running off. Compared with the control, the TP content in the surface
water of the P,0, 63 =81 kg/hm’ treatment is significantly higher within 2 days after the fertilization, and always
high during the monitoring period in the P,05 252 ~324 kg/hm’ treatment. The simulation with the split line model
on the relationship between soil Olsen-P and field water TP above soil surface shows that the change point of soil
Olsen-P which relates to the field water TP concentration above soil surface is 19. 0 mg/kg, corresponding to a P
application rate of about P,0; 63 kg/hm’, and equals to the recommended fertilizer rate based on the line
relationship model between fertilizer-P application rate and P surplus. [ Conclusions] As far as the rice yield, soil

P surplus and its environmental effect are considered, P,0, 63 kg/hm’ is suitable for the double rice cropping

system in red soils of South China.

Key words: rice; phosphorus; loss; risk
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Table 1 Fertilizer application rates in double rice field in different years

Ay hb ¥R L Early rice i Late rice

Year Treatment N P,0; K,0 N P,0; K,O

2011 PO 172.5 0 121.5 172.5 0 108
P1 172.5 81 121.5 172.5 63 108
P2 172.5 162 121.5 172.5 126 108
P3 172.5 324 121.5 172.5 252 108

2012 PO 169.05 0 121.5 172.5 0 108
P1 169. 05 75.6 121.5 172.5 63 108
P2 169.05 151.2 121.5 172.5 126 108
P3 169.05 302.4 121.5 172.5 252 108

2013 PO 151.8 0 121.5 138 0 108
P1 151.8 81 121.5 138 81 108
P2 151.8 162 121.5 138 162 108
P3 151.8 324 121.5 138 324 108

1.3 H#EEESNERE

3 TR AR S s 1,2.3.5. 7,
9 1l d 9. 00~11: 00,7 HH/KLRFFFRE R
THOCT 78 HIE DY, R K AT 4G AR TEAR
e ah 1 Z NG DL T A T 7K PN Te)— % Ak SR 4
THKFE . B/NXCREE 5 AR AL TR AT S 500 mL 57
BT H T ACS BRI E . T 5 RISk 45/
X G FF FIRE A b SEAR T =, (5] s Bl AL 18 HORE i
6 R, 7 MEEFFFIRE A, Ar BIFRE . LT, T 5K 43
T PR I ek A . 5T 2011 —
2012 AR BRRSISGR G SR IO )2 3% (0—20 em) ,
A3 i, I 2 A %08k ( Olsen-P) 75 1,

FH AT 7K B0 B SR FH 2o i 2 B0 4 fb—%H 5 L 8
HEISE 5 AR AR A H,S0, - H,0, T3, HL4A
B Y I ;3 Olsen-P I & % JH 0.5
mol/L NaHCO, & $2—4H % He a1 Pl sE

KL b BB R SR A L MR S R
AR A

Mo b ERBER SR R = FAT S i x RATE
o+ AR X A SR

TIEWER R i = A - AR SR
o3 ZE
1.4 HEAE

RIS EYE % B Excel 2007 5 DPS 7.5 #4740
L, Origin 6. 0 F1 Excel 2007 #4-4E K, LSD i34 T
Z i, HT split-line #5E A1 TN 75 2 (k1K 1 4 |
A AT Y 4% Olsen-P Il SH{EL

2 RS0

21 REEHER KRN BRI
2 U, HEWE T 3 BRE PRE, HEREL
ASHEBRAETRNG 3 4EPRIREA PR AL MRS



134 DR A5 2 AN [l W A T Sl 3R A S T A PRI KU DA 43

F2 FEERIKE THKETE (kg/hm’)
Table 2 Rice yields under different phosphate application rates

2011 2012 2013
HBAL JoELil - - — — _ —
Si R [ FRE iy A W e
ite Treatment

Early rice Late rice Early rice Late rice Early rice Late rice

A PO 7270 b 5047 b 5752 b 6270 c 6468 c 5767 c

Grain P1 8048 a 5510 a 6451 a 6976 b 6654 ¢ 6445 b
P2 8272 a 5552 a 6539 a 7292 ab 7268 b 6824 ab

P3 8371 a 5588 a 6831 a 7698 a 7939 a 7296 a

FEFT PO 7370 ¢ 5769 b 7477 b 8765 ¢ 7986 ¢ 7701 ¢

Straw P1 7750 b 6070 ab 8277 a 9605 b 8061 ¢ 8566 b
P2 7948 b 6145 ab 8472 a 10051 b 9163 b 9044 ab

P3 8326 a 6169 a 8885 a 10784 a 10133 a 9206 a

7E(Note) : [FZFNELHE Ji A [R] 7719 6 7 4b 3 7] 22 5535 5% 3% 7K SF Values followed by different letters in a column are significant among

treatments at the 5% level.

8.5% ~ 18. 7% #1 10. 8% ~ 20. 5% , |5t fss & 1) 14
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4% Olsen-P 7 tg-th 32 B0 1 [l it 12 19 44 o o
iR (RS)  HEERFELEXR (K1),
PO A1 P1 4b P 1 5E Olsen-P 5 i 22 55 A I 3, P2
AbFRAE 2012 AFBG A 55 5 T PO M PL AR BR, P3 Ab
PR R K ROIR S , 13 Olsen-P 55 i3 i 2 &

*3 TEIHEREE TH LR F14 (ke/hm’)
Table 3 Soil P balance under different phosphate application rates

. 2011 2012 2013
E: OB Mo EEREERAE LR b DEEERAE R b REBERME HIESRU
Treatment Aboveground P WA Aboveground P e = Aboveground P e =
seson accumulation P surplus accumulation P surplus accumulation P surplus
=N PO 51.2 ¢ -51.24d 51.8 ¢ -51.8d 60.1 ¢ -60.14d
Early rice P1 59.2b 21.8 ¢ 60.3 b 15.3 ¢ 70.4 b 10.6 ¢
P2 63.9 ab 98.1b 63.6 ab 87.6 b 72.6 b 89.4 b
P3 67.0 a 257.0 a 68.1 a 234.3 a 81.7 a 242.3 a
Hof e PO 45.6 ¢ -45.6d 55.8d -55.8d 71.3 ¢ -71.3d
Late rice P1 50.1b 12.9 ¢ 62.6 ¢ 0.4 ¢ 81.4 b -0.4¢
P2 52.3 ab 73.7b 69.1b 56.9 b 82.7b 79.3 b
P3 53.0 a 199.0 a 78.7 a 173.3 a 92.1a 231.9 a

7 (Note) : [EIFNEHE J5 A 6] 77 BE 38 75 4b B 8] 22 53k 5% it # 7K F Values followed by different letters in a column are significant among

treatments at the 5% level.
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Table 4 Relationship between P surplus and phosphate application rate

ELF Early rice

I FF Late rice

i ] T L e P
LI 2 o Lt 2 o
Year R P application rates under R P application rates under
Linear equation Linear equation
soil P balance soil P balance
2011 y=0.953x-53.77  0.999 56.4 y=0.973x-47.30  0.999 48.6
2012 y=0.949x-54.32  0.999 57.2 y=0.909x-56.58  0.999 62.2
2013 y=0.938x-62.40  0.999 66.5 y=0.940x-73.48 0.999 78.2
#=5 AEEBEETHEEBLE Olsen-P 22 (mg/kg)
Table 5 Soil Olsen-P concentrations under different phosphate application rates
2011 2012
Qb B ol i - — B ~ Sy
Treatment Before plantation Average
Early rice Late rice Early rice Late rice
PO 18.6 b 19.3 b 17.7 b 13.1¢ 17.1
P1 199 19.5b 18.9b 20.3 b 15.4 ¢ 18.6
P2 . 20.4 b 22.8 b 20.3 b 21.2 b 21.2
P3 24.9 a 31.4 a 27.7 a 29.9 a 28.5

# (Note) : [AIFEHE 5 A 6] 5= 1 2 7 AL B[R] 22 573k 5% 1. 2% 7K F Values followed by different letters in a column are significant among

treatments at the 5% level.
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Fig.1 Relationship between phosphate application

rate and soil Olsen-P concentration
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Fig.2 Dynamic change of total P concentration in surface water of paddy fields

[ (Note) ; A—HFFHNACH Basal period of early cropping rice; B—LFFEALIY] Booting period of early cropping rice;
C—I G B AL A Basal period of late cropping rice; D—REAEFEACEA Booting period of late cropping rice. ]
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surface soil of paddy fields and total P in surface water
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WEEAEMEREIC S 2 d N B4, HErt &S
PO KbFRIC I 35 25 5 o AT L, e i 5ok P, 05 63
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