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Effect of phosphorus fertilizer postpone and reduction on
phosphorus utilization efficiency of rice

GONG Haiqging', ZHANG Jingzhi', CHEN Chen', GAO Hongjian'" ,
CHANG Jiang', ZHANG Ligan', DING Yuyu?

(1. School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China;

2. Soil and Fertilizer Station of Huaining, Huaining 246100, China)

Abstract To study the effect of phosphorus fertilizer postpone and reduction on phosphorus utilization efficiency of rice
during the growth period. field experiments related to soil testing and phosphorus recommendation as well as
phosphorus fertilizer postpone and reduction during rice growth period were carried out to analyze the rice yield.
phosphorus accumulation and phosphorus use efficiency. Results showed that under the same phosphorus level,
compared with the soil testing and P fertilizer recommendation treatments (P used as basal fertilizer), the P
concentration as well as the amounts of total and net phosphorus accumulation in rice during the later growth period in
T3 (basal P : top dressed P=7 : 3) were4.3% .12% and 25.6% higher than those in T2(P used as basal fertilizer) .
Meanwhile, the contribution rate, agronomic use efficiency, partial fertilizer productivity and absorption efficiency of
phosphorus in treatments of phosphorus fertilizer postpone 30% were increased by 27.7% .33.6% .8.2% and 27.3% ,
and the rice yield increased by 8.2% than that in T2 (P used as basal fertilizer) , respectively. The rice yields in P
fertilizer recommendation treatments (T2,P used as basal fertilizer) ,were 1.8% and 6.5% higher than that in reduction
30% plus postpone 30% of phosphorus fertilizer and the treatments of reduction 50% plus postpone 30% of
phosphorus fertilizer, but the difference was not significant (£>>0.05) . Results from this study indicated that reasonable

amount of phosphorus fertilizer postpone increased phosphorus uptake and accumulation, P utilization efficiency and rice yield
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during the growth period;and reasonable amount of phosphorus fertilizer reduction maintained normal production of rice.

Keywords rice; phosphorus; grain yield
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1.1 XIEHh &

P i) 3K 3 5% 7 2 B0 M 1 B s T, b Ab
YL R WEAG R KON Ll R RE RV A T AR 4R 116°28' ~
117°03",4t45 30°20" ~30°50", 25 o5 4 357 31, HE
T 5 35 B K A FhA .

1.2 RIew

D HEAEY - K AE Wi 688,

D KL R 2R 1. 49 g/kg.
A &L 144. 50 mg/kg R M 10. 02 mg/kg. ML
62,00 mg/kg; AP 24. 56 g/kg.,

3) i3 BB kL. R K 4R BB JIE (N 18% . P,O;
12% . K, O 15%) R (N 46 %) 1 B B2 45 (P, O;
12%) F1 KCI(K, 0 60%) ,

1.3 RKIigit

FR A PR 77 5 2006 4F Lk B - 398 57 I 5 %5405 Fn
“34147 M [a] S B AP OIE R0 5, 4% IR OE AR T
(9 000 kg/hm*) il 22 T 4 B K H 1 Cfaj FR e 7 it
JE.T2) s 7E 4 B RELJr 1 56l b, 48 302 F1 50 % 11
HEi W NE J5 B B AE AL T ML RC 7 2 R FR I8 IS 7%
30% T FEL Ty 3 (ff FRBE AL J5 % 5026, T4) 5 £ i
Ji 2 B ek b R IR R H R 4 0 s 30 %0
50% I8 B BC T 4 Cfa FR i AR sk i 3026 J5 B 3004,
T5) FIFELJy 5 Cay AR B AR U i 50 %6 J5 % 3020, T6) ;
IF 1 B 4 BRCTE G i AE X HE Ak R AR G B o
T7) 54822 My e B % ) 150 it TS 15 Sy & 90 7 JES 87 ko
FURLAL , T1) . H A IR I Rz 25 WLEE 1, 5
I E 7T A, AL 3 R E S BEALIX 4 HE
H AR /N X AL 40 m? L, /NIX Y JE B 4E S H
S P SR 0O R L SRR HEE . KRS T 2015
5 1 19 HEEM .6 A A BB . 10 J Al
Ko AEIRE A EAE 2 m S ORI AT . 1 AR A%
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Table 1

RFEHBEREEITH R

Scheme design field experiment of rice

JE it A 4t/ (kg/hm®)

FUNL i B i L

R i P 5 L

hb P Amounts of fertilizer GEAE : JyBEAE « FHIE) /% GEAE = AR / %
Treatment Application N fertilizer application proportion P fertilizer application proportion
N PO, KO- (Basic ¢ Tillering * Panicle) (Basic * Panicle)
T1- Ht e 199 123 72 75:25:0 100 : 0
T2-Fit 7 1 180 90 105 40+ 30+ 30 100 : 0
T3-BLJr 2 180 90 105 40+ 30 : 30 70+ 30
T4-BC )7 3 180 90 105 40 : 30+ 30 50 ¢ 50
T5-BJr 4 180 60 105 40t 30 : 30 70 : 30
T6-Hit J7 5 180 45 105 40+ 30 ¢ 30 70+ 30
T7-Te s % 18 180 0 105 40t 30t 30

T PE AT

Note: * Potassium fertilizer was all applied as the basic fertilizer.

1.4 MNEMBEF*

TE KRR AR 8 O3 BE 39T, 45075 300 il 2 401 R ol 2
D 43 53 I BEAS /N X AL 2 /R KRG L 28 | SR IK R 2K
TR Pk T W 5 . 25 0 OB B AR AR e T
105 CA % 30 min, 75 C R4+ Z 6 &, 0 & H+
Y . AEARFE AR RS . HL SO, GfO-H, O, 14
AR BTLL AI RE
1.5 HIEHH

D&ABFWCE M HOB R ZRRE/(g/H) =
T XA

DEEFUHRAREBE/(g/) =2 KR
T+ R B+ R R B

DEEFUHmRGEWIE/ (g/M)=F—4F
iR A EBHE -G — TR S EHE;

) W RE BT IR e/ 60/ = Gt i A X 4K 19 7 90 7
T — AN B I DX AR B A 7 D /i I DX T AR 1
FEH) 7= 5 X 100 %0 5

5) B AL I e A 2R/ 0/ = il i S Xt 32 4 22
PR — AN it W S Xl 22 R AR ) / Bl A < 10000 5

6) B HE A 27 F H 2/ (kg /kg) = i B HE X Ir 4K
AIVE D 7= e — AN it B B0 X BT 3K A9 16 9 77 ) /it
Wi

DI A4 7= 71/ (kg/kg) = Jiti 85 IE J&5 Fir 3% 19
VEW) 7 o /i 9l 2t 5

B b 3 e A ] EXCEL 2007, ¥l &8 it

i % O SPSS 20. 0, 0 ds 22 7 W& Mt %
Duncan’s ¥,

2 HRE5SMH

BEEBRBREXMNKBEANBESENZM
M 2 "] LA A R ZE & OB, il i Ak 2R
(T1.T2.T3.T4.T5 fil TOOKFEHE S EH ™ TA
TR CTT) . AE43 B H MU AL (T1) AbFEAY
KRB R SRR MmN 3. 49 g/keg, 20 5 Ho Hofth
JaRE (T2, T3, T4, T5 H1 T6) kb B iy 7Kk 7 bl bk i &
AR 6.6%.8.3%.13.2%.16. 9% F1 18. 1%, A
BIkH 2% R B % K (P<<0.05), 7E4RT W, %
Jiti A CT 1) Kb B 118 7K e A Ak =5 R 38 & A e s
SN 2. 74 R 2. 68 g/kg., TEFAE A KRS AE PR AR
PNl 2 T 1) R A B (A R i R A TP e K
FEAT bR ZE 3 (2. 25~3. 10 g/kg) , LATC 7 it i (T2)
Sab B ) KRG A PR 250 R A i e b 3. 10 g/kg,
A3 590 e A # (T1, T3, T4, T5,T6) 4b B 4 /K fF
MR L E SR 24.2%.1.3%.3.9%.8. 4%
F15. 5%, HIC 5 06 IE CT2) &b 3 fry 7K 8% A Aok 25 350 s
EHE SR (TL.TS F1 T6) A ik 5 24 5
IR (P<C0. 05) . 78 LI L 7K e A ik A4 D
R LIRS R (2. 25 ~3. 28 g/kg) T ZE At
BEE S W MR, BEAR)S A 30% (T3) kb B /K
e R ol 2R 2 0 Y W S L K RE R R

2.1
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i F e IR CT2) A IR J5 B8 50 26 (T4) &b B 43
Bl 4. 3% 7. 6%, ik F| B E 2 FKF(P<
0.05), it BHE Y L 4] 38 il F5 AE A A F 7K R g 200
X Bl 2 IR AL
2.2 BEEBRBEXNKBEEAHZERENZ N
KR 2 S R AR B K RS A B W RS I 2 B
T TR % e B, A [) it AE A K R AR P 1 8 3K R
R 52 TR 3, 2 B 0T 2 0 300 4k 1 09 2 il el
SR o TS T el R A B A X 281 L AN [
Jit A Ak FERL ) 7K Al 2R SR R R ) 18 B e K
fE (0. 16~0. 25 g/#) (B 1), 765> BEW 5 Bt AL
(T1) &b A KR 8 22 5 3R B W ey T G At it A 4b
HOAES AR, R RO iEAE (T2) ik 34

FKFERRBE R R B e R e, EmMEY . HER
MR K R L EEIE S 2 30 % (T3) Ak 34 A% 7K 5 45 Ak 15
B BB 00 e B 7 b AR (T2) 4b B8 0w AR 5 &
027
ETIET2 T3 HT4 BTS
0.241 @T6 OT7
-“g 021 F
£ 5 ousf
fé 0.15}
ivd % 012}
?&fé 0.09 F '<‘<
E 0.06 F
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Tillering stage

Jointing stage

50% (TOANBRE 6. 4% A1 8. 7%, ¢ ML, i )y
JEHE CT2) B 54 (T3 F1 T4) BEHE W & )5 #% (T5
A1 T6) b 38 1 /K A il 2R 8 SRR 3 1 it A
(TD, UBEIEE# 30 % (T3) kb 31 5% =5 5 H Al it i
REFRI A B % B (P<<0.05), W K. 5 &
30 % (T3) >t J5 Jiti AE (T2) > A J5 #% 50 % (T4) >
WA 3020, J5 4% 3026 (T5) >t & 50 %0, J5
% 30% (T6) >4 M HE (T1) >4 5 K5 6 P X
TECTT)  BEAE S # 30% (T3) A B K A il 5 i B
FRAE 20 91 He S O i AR CT2) 4b 38 A w IR )5 #8250 %
(TOMFF 9. 1% A1 13. 3%, 31X 7l BE 5 Wi B I #%
30 0 kb FRFEAE 43 BT bL 49 & B, R FOK RS AR F R 0B
REBAKX.

AH G 43 Hr 38 BT K A 7 i 5 R 22 000 T 4
B R R R BB R A R E R DG A OC R K
(R)4¥ 535 0. 755" F1 0,771,

-

AT
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Mature stage
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Heading stage

LEF W] Growth Stage
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Fig. 1

KEELEFHHZ SRR EARKER
(L 2) o 763 BE I A B0 2V 7K e B 3R 4 TR At AH
Xof 58 /0 o T A B U0 R A A K R B R O TR
F) 2 ANUEAE . AE S BEI B R T CT1) &b 3 K e
FR) V0 I A B 5 Sl 4. 8 g/ bk L 40 1) G EG Al i s AT
bR (T2, T3, T4, T5.T6) % 4.4%.,1.5%.29. 0%,
26.1%0.21.8% ., TEIR A, Mg AL # (T1. T2, T3,
T4 T5) 7K Ff i 25 1 W AC it 14 10 38 8 1 S vt g A
(T7)(P<C0.05), 7EFARM], LI#EIE 5 £8 30 %0 &b
(TOMKFERE R G R &, BN AT W

The total P accumulated of rice in different growth periods

38.4% . TEIY L ifi B 4L BE (T2, T3, T4.T5.T6)
149 7K R B 2% A B 2 8 T R A (T, FL R/
Wy < BB J5 #% 30 % (T3) > J5 it AE ( T2) >
AEVE 30 %0, 5 8% 30 % (T5) > IB s & 50 %, J5 #
30% (T6) =Ml J5 # 50 % (T4) > % Ml B (T1) 5
FE AR [] Bt K - R B AR 5 A% 3020 (T3) AbHLAY
KRG B 25 v W A ) G T e A CT2) R R
% 50% (T4) 1 23. 7% F0 38. 0% . ¥ AR 22 7 B 3%
PEIKSF-(P<C0. 05), Hy b al Ul . 5 036 2 /s 8 AT fig
HEIKFE A B 5 3l 2 B I i
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Fig.2 The Net P absorption of rice in different growth periods

2.3 BEEBEBEMABIEFEREIHMKETFH

A1

2% 3 AT KR = i AR IR 5 B 30 %6 (T3) 4b
PR 5 (12 883. 5 kg/hm?) , DL TGl %F B& (T7) kb 31
BAK 9 747.0 kg/hm?) . Ho ™ 5 K/NUF Ny - BEIE J5
% 30% (T3) > Jy jiti B (T2) > @ AL s & 30% . )
% 30% (T5) > AR & 50 %0 . J5 8% 30% (T6) >4
Uit AE (T1) > 8§ I8 5 & 50 %0 (T4) > J6 i %F If
(T7)., MiBabFE (T2, T3, T5 F1 T6) iy /K r= & 43
S J2 11 826.0.12 883.5.11 614.5 F1 11 061. 0 kg/hm’,
Y58 2 T IR B (T7) (P<<0. 05) F1 % #0itE iE
(T1), 3 7 g BEAR U & 8. 9% . 16. 4% . 7. 3% il
2.7% . MIE B (T2, T3.T4) F. 8B )5 %
30 %6 AbFECT3) K A 7= & L E 5 it A 3 B i T J5
50% CTO 43 hn T 8. 2% H1 17. 9% , i3 B B I 5

WGBSR m KRR P E . BEIEJE R 5020 kb
PR CT4) 7K A5 98 7™ 7] BE A H T /K i A & 0T R it
MR EWARTREMAERTGENALT AL
AR D, S B, 5 i A B (T2) A
Eb B IE Wk & 30%0 ., J5 B 30 %0 ('T5) F # JIE 0 &
50% ,J5 8% 30 %6 ('T6) b B 7K &G 7= H 43 53l sk 2> 1
1.8 A 6.5% , 22 AR i3 (P>0.05),

AT A B 2R R R AN ) it JE A 3L 1] K A 45
SR 2 SEON B 35 O TR AR L A R BORT T
7 54350 DAL AR IS A% 30 %6 (T3) (B A sk i 30 %0, )
#% 30 % (T5) L J7 it BB (T2) b P % w5 o 7K R 7 &
FEBENE S A% 3020 (T3) 5 AL AL BE (T2, T5) Z [A] 22
S5 (P<<0.05) , KA B AL 5 B 3020 (T3) 4b H {2
T IKFEA RO BER &R B T R T R
AR B R KR 4

%3 RRMMAIEN Ak F P B A KB
Table 3 Influence of different fertilization practices on yield components of rice
I AR OO0 bt R 9% /% TR /g Pt/ (/B
Treatment Valid panicle Filled grain Filled grain rate 1 000-grain weight Seed yield
T1 242.9+12.8 ab 193. 044. 00 abc 97.2+0.50 a 27.340.40 ¢ 10 765.5+37.56 cd
T2 264.5+28.3 ab 198.3412.50 ab 96.4+1.05 a 29.0+0.36 a 11 826.04-429.43 b
T3 282.3+24.5 a 191. 7416. 62 abc 96.940.35 a 28.240.45 b 12 883.5+444.82 a
T4 238.7+14.7 ab 180.543. 50 be 97.4%1.19 a 28.34+0.32 b 10 581.0+£181. 41 de
T5 263.1+10.5 ab 199.043.00 a 95.242.71 a 28.14+0.38 b 11 614.5+436.19 bc
T6 267.9+16.7 ab 176.04+11.53 ¢ 96.8+0.61 a 28.14+0.21 b 11 061.0+445. 90 bed
T7 236.9+7.8 b 185.542. 50 abc 95.9+1.05 a 27.3%0.35 ¢ 9 747.0+179.87 e
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2.4 BEERRBEXKEBRERNANERMAZ D

AN TR) it A Ak B X BE R A 3 0 5
(£ D . [6— K- (T2.T3 A T4) . B AE 53 ik %
T AT o 2 ) 36 L S s 28 7= 7 0 1 TS WO i 1) 5%
PR IR R 30% (T3) > Mg J5 it IE (T2) > e

Ja# 50 % (T M FLAEE, BB 5 B 3026 (T3) 1y
WA JE B R 23 | Wl AT A = R P 23 Wl N s 2 7 0 Rl T
W L) FH 2243 ) B e i A CT2) 1 27. 696,33, 6 %0 .
8. 2% M1 27.3% , H¥ ik 5] 22 7 i 3 (P<C0. 05), X
Uk B I 5 B T LA S R v R R R

R4 TEIHERE A HE 3 ok FE BE AR R A R B2 0

Table 4 Influence of different fertilization practices on fertilizer-P utilization efficiency of rice

PEIETTRRR/ 0 BECAR R %/ (kg/kg)

b 3

Treatment

Contribution Agronomic use

BN A A= 7 11/ (eg/keg)

Partial factor

i JIE T S R 3R/ %
Absorption

rate of P efficiency of P productivity of P efficiency of P
T1 9.5+1.51d 8.3+£1.31b 87.240.31 ¢ 4.2+£1.10 ¢
T2 17.5+3.50 b 23.1%£5.81 a 131.4+6.75 ¢ 15.2+2.65 b
T3 24,244.00 a 34,8+6.93 a 143.14+4.94 ¢ 20.94+1.44 a
T4 6.440.47 d 7.540.47 b 115.841.72 d 12.6+0.56 b
TS 15.3%3.90 be 29.8%9.30 a 192.3412.30 b 13.0£0.86 b
T6 11.8£2.87 cd 29.2+8.24 a 245.8+9.91 a 14.34+0.85 b

3 W i
3.1 BRI KRB X ok R R 2 TR 0 Y R R

W RE 5 A KK AR 4 A K & A 3 AR R A
PRFEAE R o A8 BE AR Y 1, 8 B IR (T 1 7K
e L e 4% 8 o7 e 2R e AN R AR 34 1 T H At P Ak
B i E A AR A AU BR T E X (T T A
P AL CT1) 14 7K e AP AR 25 30 07 Bl 28 2 ik 390K T 0L
it JE Ab 35, AT R D LR < R A BT T 4
Jit JFF A 3 AR A4 BE AR L, K R w0 AR KA E R B
FOCL AN R AE 5 B AR T OK RS IR
Xt R AW A A AR JS B 30 20 B AR
(T3) ARHE T 7K A HE IR 38 100 T 1l 2 10 TR i, L il
TR A LIy R (T2) MBI S5 % 50 % (T4)
A BT S AL 3Y M 7.6 %, B BRI E 9. 1%
A 13,350, 3 3 R PR Sk K R il A S R R T I T
BRVE SRRk B TOLAEER. BIEE
30 0 BN L FEIA AT T IS R G HE R L £ HE K R AR R
SXoF B %) R MAT T A PRy 1 ARG 0 9 B L 348 e X SRR
PR IERFRLESR . X FBEAL S 8 5020 (T4) 1 4b 2
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