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Abstract:  Objective  In the recent 30 years, rice has been cultivated extensively in China, involving a great variety of soil
types, farming systems and fertilization methods. No matter where it is cultivated, soil phosphorus(P) seems to be a major factor
limiting rice production due to its strong P adsorption and fixation capacity of the soil colloids in the paddy fields and low
phosphate fertilizer utilization rate of the crop, which consequently leads to accumulation of the element in the soil. The objective
of this study was to evaluate utilization and balance of P in the five major rice production regions of the country, which may
provide certain scientific bases for recommending rational application of phosphate fertilizer by regions. ~Method Based on the
long-term field experiments, starting from 1988, in the five major rice growing regions (i.e. Northeast of China (NE), Yangtze
River Delta (YRD), Middle Reaches of the Yangtze River (MYR), South of China (SC) and Southwest of China (SW)), which are
significantly different in soil and climate, data were cited from a total of 130 paddy soil monitoring sites scattered in the five
regions for comparison and summarization. The data included available P content, and P utilization efficiency, P recovery rate, P
agronomic efficiency and soil P balance. = Result  Results show significant differences between the regions in soil available P
content. SC was the highest (33.71 mg-kg™) and SW the lowest (12.49 mg-kg™). The average content of soil available P of the
country was 21.18 mg kg™', and grew at a rate of 0.36 mg-kg -a”'. Soil available P content increased significantly with the
cultivation going on in all the regions, expect in MYR. All the five regions gained in soil phosphate, with SC being the highest in
P surplus. The average annual soil phosphate surplus of the country was 35.03 kg-hm 2 that accounted for 44.16% of the average
phosphate fertilizer input. Moreover, a significant positive relationship was observed between soil available P content and the
cumulative P surplus (P<0.05). With every 100 kg-hm ™ increment in average P surplus, soil available P content increased by
0.82 mg-kg™'. P recovery rate and agronomic efficiency also significantly increased at a varying in rate with the farming going on
in all the five regions, and the highest rates were observed in SW, being 35.92% and 69.02 kg-kg ', respectively.  Conclusion
Affected by the 30-year long-term fertilization, soil available P content and cumulative P surplus has increased significantly in all
the regions with the rice cultivation going on. However, the variation of P recovery rate and P agronomic efficiency differs from
region to region. From all the findings in this study, it is concluded that the fertilization system for each region should be modified
in the light of the budgeting of soil phosphorus of the respective locality. For example, in Southwest China, more phosphate
fertilizer, especially organic fertilizer should be applied to ensure the normal phosphate supply to meet the demand of the rice
crop, while in South China, P fertilization should be reduced in rate, but improved in P utilization efficiency, so as to mitigate the
risk of P non-point source pollution.

Key words: Paddy soil; Available phosphorus; Phosphorus recovery rate; Phosphorus agronomic efficiency; Phosphorus balance
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River; SC for South of China; and SW for Southwest of China. The same below.
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Fig. 2 Variation of soil available phosphorous content in paddy soil during the past 30 years relative to region
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Table 1 Correlation between soil available phosphorous content in paddy soil (y) and years of the fertilization (x) relative to region

X #f Region 245 )7 B2 Linear equation R? P
CH y=03553x+12.70 0.866** 0.007
NE y=0.046 8 x +21.05 0.051 0.667
YRD y=0.206 8 x + 14.64 0.502 0.115
MYR y=-0.0840x + 19.30 0.044 0.691
SC y=0.646 8 x+17.20 0.677* 0.044
SW y=0.2987x+6.548 0.867** 0.007

e SRR AR M IR B 1 K (P<0.05); ** 3R A SRS S i # /K F (P<0.01 ). F[A]. Note: * means significant correlation

at 0.05 level; **means ultra-significant correlation at 0.01 level. The same below.
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could not be calculated due to insufficient yield data of no-fertilizer area from 1988 to 1992 in MYR.
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Fig. 3 Variation of phosphorus recovery rate in paddy fields during the past 30 years relative to region
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Table 2 Correlation between phosphorus recovery rate in paddy soil (y) and years of fertilization (x) relative to region

F2 TRRSHEATEHEREKE () SEEER (x) MHEXMYE

[X 1, Region Ze LA 77 7 Linear equation R? P
CH y=03214x+2241 0.720* 0.033
NE y=0.7897x+ 11.89 0.589* 0.047
YRD y=04039x+19.97 0.727* 0.031
MYR y=0.5833x+13.53 0.850* 0.026
SC y=0.2934x+24.36 0.730* 0.030
SW y=0.2118x+32.22 0.766* 0.022
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Fig. 4 Variation of phosphorus agronomic efficiency in paddy fields during the past 30 years relative to region
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Table 3 Correlation between phosphorus agronomic efficiency in paddy fields () and years of fertilization (x) relative to region

[X #{ Region ZVEHRLE T B2 Linear equation R? P
CH y=0.9429 x +41.98 0.875%** 0.006
NE y=0.8850x+39.69 0.608* 0.049
YRD y=1285x+28.14 0.610* 0.037
MYR y=2321x+62.15 0.856** 0.008
SC y=0.764 2 x + 50.35 0.721* 0.032
SW y=0.8865x+53.51 0.716* 0.034
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Fig. 5 Variation of cumulative phosphorus surplus of paddy soil during the past 30 years relative to region
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Fig. 6 Correlation analysis of soil available phosphorus content of paddy soil with cumulative phosphorus surplus relative to region
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P—, ERREIE X R EONAE-RE SR AR ERL R, B
SR KRB IE A AR IR AR
88.96 kg'hm > (LA P,Osif, FIH)), FEHEE B/
RO B, A YLR S B RR R Sk
AL R 45 A 20 AERT RS 1R
Z R =AU, AP S R, T E Ak
A MU A 2T O, AL S i A
s 4 A AR 2F A S P AR SR A RO B A,
0 A RO T S =, AR IXR G A
PR, FEKREAER T, A m Bk TR
TR, AR T AR 5, PR X
AR S ERAL, FHh 12.49 mgkg !, HIERR
BRI AR AL (70.01 kghm™) (i
N8, SR AT S AR AR, A
0.3 mg-kg ', X5XN G EVRBIT AR KL B ik
AN, A7 R & i ik A2 1 39 pHP O RN gi A 2
LURRUE- AT
32 AEXEFEETIEBSERKESRELEN

TER

4 [ S FREAE X A HEw AR [ AR 2 55 R 8
I i FIEL A B 14 i T 4 v (T 3 TR 4), X5 H A,
KT KAt A A B AE [m] 5 3R AR 22 ORI 52
GEILDZS g SRR AL A KRS B3 P R R A
ERAVERT,  ELAR 0349 i it AT o] 412 2 A 40 0 Tl 2% 1 i
WP (S, R T AR A AR K+
SRR AT, 4% X 8 - 9 A [ iR RN A 4 30R
R AT S5 08 B 25 5 P R X AR BB AE 4 A R AR AR,
}70.01 kg-hm 2, LW A 300 R B0 W R ol
T A, ok R EY A KSR, SEUE
Wi JE SCR AR ORI s . Hk, B FIRE
TS 25% ~T0%VEY AT A4, 7 STERVEY)
R 1/3 B, SAVEYRIEER S IE A L
ASMOBEIEDY S ZR AL XAE S BEARE A 86.55 kg-hm 2,
LR TAEFGIX (88.96 kg-hm™2), {H A 1] i % Al
PEEFCR LT AR X, EZh T AR X LA

SRHERE L WA T X A BB AR H 45 A,

I 25t AL R 1 22 K G e 088, 39
BEE B REWRN, A E D
it AR BRI AT FTLL, FE R R T
AR R T B o PR 22 3 B A P i 14
SCORBACRE, R %% U TR B B A . (ER
7 X3 ) 5 2 AR A Ak, e e e 9 )y
A, FEARIE = [ B AC R P, o0 i U
YR L BN, DU X A B A R
A 0 S 3 T A 2 A A v, T A A s i
HiATHUIE, DARIEAE 0 IE B Tk . e X +
S RO A i MR R S, R BB AR, H
T S 3R A 2 ARG, I o At P
PR R A%,

4 %5

30 a3k, ARG H H A S0 A T
21.18 mgkg ', IR ALAFBR AY 2E-K 1 B4R e . 4%
XA R 2 BRI BACRE, TR A
£ 100 kgthm 2, 33085 & BN 0.82 mgkg .
261X A0 AT 2l e T BUIRAR R . T L AR
Jb. K= Kimdiie, wERE, BEE BB AR
EEMRAK R N . HER . AL, Kynehii, iR, K
=Af, B SEROR SRR N VAR L AR
K=, &b, KITPWE, 4% KRR i gk
58 % 34 e LA B 4 T T L (R 4% IX A
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T XA BRI BB, WA T 5 4 R
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