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B OEAHAENRLAEFFEENAEHN P RETHAIR FRTRERAESAL L A4 ARERTY
RERRPFEURH UM B AR EERERE, 2H LB R 2R ATEHEARR, RF A%, K% P,050
kg/hm®(F £) \P,05 100 kg/hm? (5 )% PO, 150 kg/hen (H B4 M AT ER A A K MABH ML DEEKEY
R ALREGHEAIER BRRA AR GRENKBANEARF BN EIEREEE R RE
R AEKEHHAIREAPINAMKRAERERN 2% 86% A EMA & 26% 7 34% B % 5 2% F 13% .
HEE6DWO%. TR, GRERBELAKENENNEYDE AL ABRFHRIRAHEN ATERTAIEF

WK, He B P OB R,
XA KBEANE; TR K888
hE &S S512.106;5143.2 TRKARIRED: A

EER,ERVAE Ld T EER, B AR
BEYAHE EZHB ~HNHAL, HESIEAMNWE
Wo B TFEY P& 2 AU, LR
BT R A R BOR 24, AfTxE & 2 R 1 B 5T
B2, HTF#HMLYSHAHERE REAELELESP
4 BE L B BE R BEHE R, SUR 5k 5k 160, B LA xih % B9 BF
RENESEHRABEMNEDERES=BERY
Pm—HHERY, BEREYERNLFERT
.0 FEMAR B e R, SR A REH
R MEEYHE MEXEEEERY, #1418
FHEBRELFX L ESRSEHFAE EERRES
BEAE,Z0H 0% ~ 0% K #HEA T, 51 %
FRBRIFERREES A RER LB RS,
Ve TRy, BEMA — K, A fE At B A
EERRBER, M8 2 (P,05)7E 0 ~ 180 kg/hm?
T FB1 O, L e X T S R A I G 9 R 1 TR - 5 X
B &8 1T 108 kg/hm® B, B i BE BU(LAD) MR ZE
B EERERE EETYERRRETRABYE W
R RBAHE T, ¥PEEHRRA BER
BT REKEE, BT’ T 288,
B TREEKSRA. IERERRER,
BER 75 1 105 kg/hm?® B, /AR 7= B R AR B %
R EHEEREEN RENEREERMK, K

78 B 49 :2009-12-20

X ERS: 1000-7601(2011)01-0115-07

202038 5 %t R AK 8 BT BE K F (IR R T B ,
PR ERBERWMER. AT, BiRESP,
AMIEEF BRI BT EY =8 Ko TS A
W HRAREHRSENEEYVE KIS . Fa
NS THRRRER, NMEMERNSITTRER
HESIREYE=HNEE., AP RELHERR,
MRENEMEY R K> FORKBHEEL,
FIRAEHBEGTLDEFBERANXER,
1 MES5FE
1.1 R iR
WA FHILRAB R R ERE—4, BT
=G, Y EFHSRER 13C, EFE 550 mm
EH.FEEFETI~IANEEKBTEKEL
FRRMW 9%, BEREHEDEHK, il %0
~20 em) HEAFAMER Y. AE 1.24 g/em’, pH
8.25, HHLIE 13.79 g/kg, 2 & 1.07 g/kg, AR
5.43 mg/kg AR 2.41 mg/kg, H 5 B (Olsen - P)
15.0 mg/kg, A HH 182.4 mg/kgo
1.2 RBEgHEER
RETF20044E10A5HE205F6H3H#
1o B 4 A FEBEE (P,05) 405 .0 kg/hm® (3 BE) |
50 kg/hm?*(F /) . 100 kg/hm® (G& 8 ) F1 150 kg/hm®

XETE WK A RFEE ST H (30871596) s BACAK M 7= b £ Rtk 7 iR & 90, T RAR B0 1R BT BA 23R 3 27
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(&), HAHHY R (N) 160 kg/hm’ s HAE K IR
EBEANIHRE. AR ERIMES
0~20cmMEBZLHIEBIMA, F20044 1045
A&, 4L/ E SRR R/ME 22, M E A 4 mx
10 m, EH 4 K, /PR KBRAT,4TEE 20 cm, #EFh
B 135 kg/hm?® 3B 5 emo /NE A KA, R A
EH,
1.3 HIRESAUR

MEHEEE 1499 K (2005 3 A 108, &% DF

#5010 d EARAESPRRE | m KANEE
H—AHER . HEKPRE, kS S HER,
BRSS9 R EE, RS
FEIOSCREFO.5h,75CH T, HTE, HEKFE
B, THSBES,H H,50,- K0, k&, 458
IRERENCLA At akie s, 5T
MR A 3% 0 2 4o

1 XENES5EMEERE
Table 1 Sampling dates and growth stages of winter wheat

me BHE %Y il i k) L:g
Items Reviving Jointing Heading Flowering Milking Wax-riping
HEM-d) 0z-14 03-26 04-26 05 - 05 05 - 25 06 - 05
Date .
%#(M,_d) 03-10 03 - 20 03-30 04-10 04-20 04 - 30 05-10 05-20 06-03
Sampling
H#E X (D) 149 159 169 180 190 200 210 220 234
Days after emergence
X BEDH EVEH RYOE RTSH RN EEWH  WRH
GQEKm Middle of Start of Beginning  Middle of Start of fﬁ% Start of Middle of I&jﬁ
Yow stage reviving Jointing of jointing jointing heading e grain-filling  grain-filling
1.4 HiELE 22% ;B 50 F1 150 kg/hm* B, 4 47 & F¥F b 7= &

FAKE y=a®+ b’ + cx + d AR EFH B
HAEYR KT SERRERBSHEBEREHER
B&E HBEYRE KNS5 #5 BRBERKHEE BR
BEURERH B HeH, SHERESEYE KD
5RBH BB EHERNE W,

2 HRE5
2.1 BEARHERBENEEDR FHFRS
B LT

Bt/ hEREME A BME W EERR
MR(F2). SRR, HBE 100 kg/hm® B /b
EAEYRSHAUTBEEERS, 73 & 24% f

BIMABE., BT ARERHER/NE R BREEOF
XHBER(E2) . UHEREREH T NETE
R, (R RL 7= B B 18 R 2 B F T 9 1A #F
BRSO, W R B TS B AT DL D
ENAYERS., dEEBRMHENEELERZD
L kB ED RN BRI ES.

{BR B 100 kg/hn’ BRH/PEHRSEERE
FEA%, A BRI 9% ; HEBE 50 A1 150 kg/hm” B , /)
EHHREEBRETAHBRLEBER, MNEFHKN
BASEERARHEREENTERSOES,.BRE
HHERZRAHE,

£2 FAERBHENZEURPENR FE-RAKSSROER

Table 2 Effects of phosphorus rates on biomass and nutrient contents in grain of winter wheat at harvest

A B Ak AR e gt FRLGARB RBRE SR (%)
P rates Biomass Grain yield Harvest index N.P K contents in grain
(kg/hm?) (kg/hm?) (kg/hm?) (%) AN #p ® K
0 10480b 4619b 4.1a 2.14a 0.61a 0.20a
50 11929ab 51953 43.6a 2.13 0.65a 0.21a
100 12992a 5616 4.2 1.94b 0.65a 0.20a
150 12586b s45lab 4.3 2.11a 0.67a 0.21a

E:R-EHBERATFRERES KFLEREE.

Note: Values followed by the same lowercase letters mean significant difference at 0.05 level.
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2.2 BEAEMNELEYMERVAREG
K/NFRFE AW R MK R TS
mEmEEAERHSHBEETR(E ). BHF
BOEKREKER FRRBERZ ALY ] LHEH
ER, #ARTYE MEkEKEE, NRBEHE
RNENEYRBZHEAHABNER, RA—T
ZRER B A Y B R E ML SITUA R
BEY R KEERERE MMM AR, E
B% 50.100.150 kg/hm® B, 4= 4 bt R H B K& E 4
Bk 447 486 F1 536 kg/(hm?-d) , 7 i B X K 356
kg/(h? - d) , I E KL EE A S H 25%.35%
9%, EEHBSE . BREYRYBAEERF
WS 222 ~223 d) , BB D EN B KEY R
43 %1% 18 471.20 778 1 21 415 kg/hn?, L R HEBS &5
H15% .29% #1 33% . HIMEBE T EHEPEE R
AKERMEEEKPOEREE
MERPPEWRFE (L EE 234 4,8 1,%3),
RNEEYRENRETR. SEREYEHE, A
B F % BE 50,100,150 kg/hm? B}, WERH 4 Y & 4

HIW L 4 677.6 0796 832 1 8 364 kg/hm® , i 24 T &%
KEYER 29% .33% 33% .39% . "W, KB ER
R#FTENEEBEFREKAEHAKT BN LD R
AR BRRENTEDERKEBTYRAME,
B BB, TR AR E,

30

S

& 0kg/hm®
25 ms0 kg/hm* x
A 100 kg/hm®
'E 20 [ x 150 kg/hm®
£3
5{— g 15
§ @

w

A

I

230

149 169 190

T K Bd)

Days after emergence

210

Hl BEARNENERREKBEXKHER
Fig.1 Effects of phosphorus rates on growth of
winter wheat at different growth stages

%3 ARERBNEIELENRRRBOESR

Table 3  Effects of phosphorus rates on maximum biomass and maximum biomass accumulation rate of winter wheat

EYBERBER

£y RER

MR Biomass accumulation rate Biomass accumulation WO i ElE ¥R R
Biomass at Regression
P raes BAHEE 1 B ] BRA® B ] harecat oquation
(kg/hm®) Maximum rate Occurring time Maximum biomass Occurring time (kg/hm?)? R
(kg/(ho-d)) @" {kg/hm") (@
0 356 192 16045 223 11368 0.979" *
50 447 194 18471 223 12393 0.966" *
100 486 193 20778 222 13947 0.962" "
150 536 193 21415 222 13051 0.958" "
E: VHROBEEHRE; VHBSH -TERMRNBERE S n=9,r0=0.798, TXF,
Note: ') Days after emergence; » values are calculated from the reg d cubic equation; when =9, rg g =0.798. The same are in the following.

2.3 BEARRENEASRBHEW

S5EYERF, &MEREREKRKTER
BEIF 44 1 (B 2), {6 1% 3 A O R A 9 T
R(%4), HiBE 50,100 F1 150 kg/hm® B ,i8 #H B K
4y BRE 5512 816,989 Hi 902 kg/ (hm-d) , A HE
BERE K 787 kg/(hm? - d) BT H LIS E A RIEH 4% .
25%M 14% . HERLHEHRSE, KFPBXRBEY
BB (L EE 190~ 193 d), BN EH
BARBELSHH 24 282,28 399 kg/hm® FI 28 365
kg/hm’® , LA HEBE 5 8% .26 % 71 26% o i ¥ e % A
R#FpZ/NEF LA REAAE, ENEEER
ERPHEEBRRENKS RRE HESEER, 1
YiERKSAREEM,

¢ Okg/hm®
40 { g 50kg/hm’
E A 100kg/hm’
€ € 301 * x 150kg/hm’
&F
°3
x £ 20
5|
zE ’
i; 10
%
O L 1 - J
149 169 190 210 230
R R B(d)

Days after emergence

B2 #HEARMNFRARPEENEAXSRAROERN
Fig.2 Effects of phosphorus rates on water accumulation
in winter wheat at different growth stages
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WG EEKPEE(E?2,£4), RREL D
FERKKAKSFRIK. SRRKTBREMHL,
R M B FI % 50,100,150 kg/hm? B, B R Bt 7K 43
RVES P 18 345,20 525.23 250 kg/hm” 1 24
206 kg/hm®, B K R B B9 81%,84%,82%

86% . SARMEBAMIL, B FFEERKER KT E
Bk 12% ,27% F 32% . FHMGEEREHET &/
EEERERMEBERI PN KS RB, HEKE
WHEMTHEYEREB KSR,

R4 FRERBHENZAIRFBEASRAERHER

Table 4 Effects of phosphorus rates on the maximum water fation and acc lation rate in winter wheat
BHEMKGTRBESR KR
i3 e Water accumulation rate at joining stage Water accumulation gk ik 5 REUR B )5 BH R
P Water ac lation Regression
reies UL B ] BARBR i 81 - equaion
(kg/hm®) Accumulation Occurring time Maximum accumulation  Occurring time (kg/hm?) R
rate (kg/(hm-d)) (d) (kg/hm?) (d)

0 787 165 22539 190 4193 0.989"*
50 816 165 24282 190 3757 0.983" "
100 989 165 28399 191 5149 0.981" "
150 902 165 28365 193 4159 0.979" "

2.4 BHEABRSNERERERHOXN
BER BEEKBEELXNEEARENER
BEHEN GHEEERWHEKARRERE (A
3)e BREEBEFMB RE KB BER A
(#5168 ~ 182 d, % 5) ,{HiEBE 100 kg/hm® B , 5
e B A B (] B 4R A RI R MR T B AR
TE A58 I, B 100 150 kg/hm® BF, REE K
&4y 5% 3.80 kg/ (hm? - d) #1 4.20 kg/(hm?+ d) , Lb AR
FEBEIE AN 25% M1 38% ., BIER TH(HEE 215 ~
2204d), EEBPBYBIRKME EBRNMEHRKRR
BE 4 5% 193,220 kg/hm® 1 248 kg/hm?, H R
BEEH 10% .25% 1 41% o, 1. B 1 B B DAR s /N
MEERAERW,EREHBNAERZEMARE
R KA.
& 50kg/hm’

A 100kg/hm’
L % 150 kg/hm’ .

¢ Okg/hm®

A
x

N accumulation

R Bkt (kg/hm®)

190 210 230

5 K d)

Days after emergence

149 169

B3 HARMAARPENEAEZRRENER
Fig.3 Effects of phosphorus rates on N accumulation in

winter wheat at different growth stages

AERPFG, £/ E EBEAXRRER
BEFRE(E3), HHKBREMIL, A B F i 5%

50,100,150 kg/hm® B , BBCIKH9 B K B3 5B A
35.39.58 kg/hm’ il 85 kg/hm?, 2 Bl A RBLEN
20% \20% 26% 1 34% . W W, MR EE, &b
FERGY Mk EBYFHBEHRERK. &
BEEDERNHRER TR EHEE, HF g
AREHNREREEM, SRBHML, KD
MEEKFAREBEEMN 1% .63% 143% .
2.5 BWERARMNEHRERBHERN

HABRBFHE, &/NEB L HRERERES
B, EER G ZRE RS R, KB 100
kg/hm’ BY, B E BB K B & BER WA (N
5 154 d), A HEBE B 50.150 kg/hn® B KR FT
B R (KB 173 ~ 191 d) . T HL B i 7 B 4
mBERBRBEREESF N 0.48,0.70,0.80
kg/(hm?-d) , b ARG BEIT B 7% ,56% ,78% . BIHES
JER (H#J5 225 ~ 231 d), i B% 50,100 kg/hm®
150 kg/hm? B9/ 3230 308 £ RBUL Bl KME, 2
B4 39.2,44.9 kg/hm® #1 49.9 kg/hn? ; A i B B,
PR, ERBEARBKR, A 33.2 kg/hm?s 5
Fri e, MR s 2 KB EHES R
18%,35% ,50% o 5 U1t 8% J5 1 90 ) B 5 % i & AN
EHEHNN, 5EENER B, B A BHE
EHBEKERE,

WOERET , fE 8% 100 kg/hm® FI 150 kg/hm’ #) & /)
Zh M ERES T 1.0 kg/hm®* 1 6.6
ke/hm? HE FERKBBEN 290 13%. KHK
ERHERRS THEYXMH#E ZR, AEaER4E
KIE MR AR M0 K 5 & B B A (AT LR
HEBE AR, T A K AT SRk BB 1
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Table 5 Effects of phosphorus rates on the maximum N accumulation and accumulation rate of winter wheat
— HRWBOE#E N uptake rate R EHE N uptake AKX R El AR R
P rates BAER B fA] Bk R i 4 EL I N uptake at Regres'sion
(kg/hm?) Maximum uptake Occurring time Maximum N Occurring time harve!tl equation
rate (kg/(hm®+d)) ) uptake (kg/hm?) (@ Cleg/hm) R
0 3.4 173 176 215 141 0.933" "
50 2.96 179 193 220 154 0.958" "
100 3.8 168 220 216 163 0.900" "
150 4.20 182 248 217 163 0.929" "
F6 TRBHBMNENERHBERHMEZNLRA
Table 6 Effects of phosphorus rates on the maximum P accumulation and accumulation rate of winter wheat
% B¢ Lk # P uptake rate 5% & P uptake
T kwmman  FUTROR
P rates BKHE i Bt [E) B AT B It H Bt (] P uptake at harvest Regres.slon
(kg/hm?) Maximum rate Occurring time Maximum P Occurring time (kg/hm?) equation
{kg/(hm®-d)) (d) uptake (kg/hm?) (d) R
0 0.45 173 33.2 241 33.2 0.937" "
50 0.48 187 39.2 239 39.1 0.985" "
100 0.70 154 4.9 231 43.9 0.892° "
150 0.80 191 49.9 225 43.3 0.930" *
o ~213 4), 8 REUF B RN, R 42 7% ok
o :2;‘§;‘}:‘;z x 3 111.7.134.8 kg/hm* #1 138.2 kg/hm?, o 7N 36 B
N P25 9% \32% F1 35% . R W1t 9% AT LA A2 i 1F 4 X
L g/hm’

W % Bk (kg/hm®)
P accumulation

30
20
10}
0 " . . ) s
149 169 190 210 230
0K KB

Days after emergence

H4 BERABRNTEAMBELENEZHERBOENR
Fig.4 Effects of phosphorus rates on P accumulation

in winter wheat at different growth stages

2.6 BMEAENNEHFRRERNRM

B LG, & /N b R R B B g (1
5), BEMESEREMN . BB IERTRSHYE,
BERTHHEPH(EEHE173~181d, 8 7)i5 H
BEEE, Wis 100 kg/hm® 1 150 kg/hm’ B, 48 B
BMEBEXEEDHNN 2.62 kg/(hm®> - d) fl 2. 65
kg/(hm?-d), L N HE #% & 21% # 22%; Hi 8§ S0
kg/hm’ Bt IR BER B K REHE LB EER.

RHapent, Z/NEH LA ZREMBEH (LT
J5 205 d)iR BB KME, M 102.2 kg/hm®, FEBE SO.
100 kg/hm® 1 150 kg/hm® B, #E R W1 81 (G 211

Ao BB, BREE AR REE,H RREBRK

BRI OK(E B B (A7 )5 4E
2007 4 gkg/mm:
| ™ S0kg/hm® x
160 A 100 kg/hm’ N
X 150 kg/hm®
120
80
40
O 1 L 1 J
149 169 190 210 230
G A B(d)
Days after emergence

Bs5 B#ERARMNTIEHBLENEARRENOER
Fig.5 Effects of phosphorus rates on K accumulation

in winter wheat at different growth stages

BEEBUE & NED LA RHERE TR
(B 5), FHiBEAMEBE 50,100,150 kg/hm® B, B FK
HURERES BB 55.6.62.5.76.1 kg/hm® i
82.5 kg/hm?, B K BB/ 54% .56% .56% Fil
60% ; SAMS A, B A K E Rk S 5
Wi 12% 37% M 48% ., BB LIRS E, LD



120 FRHBRXRWHFR

%52 %

EEKER M ERMYAHBHERBK, KRHHE
MEERFMARARATREHE  LEEREHRE

TEEZHH.

%7 FAERRMNENEGFREBRAEEHER

Table 7 Effects of phosphorus rates on the maximum K acc lation and lation rate of winter wheat
T 4 B i % K uptake rat %4 & K uptake

R i 2 wommmn 0 RN R
P rates BR#E® 4 L e [ Bk R4 L 1A K uptake at harvest egression
(kg/hm?) Maximum rate Occurring time Maximum K Oceurring time (kg/hu?) equation

(kg/(ham?-d)) (d) uptake (kg/hm?) (d) k
0 2.17 173 102.2 205 46.6 0.991" "
50 2.14 173 111.7 211 49.2 0.969" *
100 2.62 174 134.8 211 58.7 0.951° "
150 2.65 181 138.2 213 55.7 0.916" *
3 3w @ MEBRK O RN UREHFTREERERT K

WREN,EE000 k) EHRTEERE
K/NEFER, AR (50 kg/hm? ) 3, 7 & (150 kg/hm?)
MR EMEKSFREBRBSZR M A8 EE
RRZEBEKE, BFARFRKBEEXTENEIBIK
BB E L W, 15 B B 5| A2 50 FF b ™= B 38 n 3
A2 BT 90 R 16 47 B0 0 5% B R0 4 B3, W2 e
FEANZEEYBRREINEN. KW, B Fr&8m
FIRRE IR TR )  1535 R B/ R
MERABEERE. SEARR s HERAH
B 1 % B 4 i T 4R R RS o

AR A YR BRSNS R, R R
HRNEBERERRYTPMERERKATH KR
F. BERPPLUE, NEHARBNBR, EWEH
HHEEMFLREC L EREREHTRIEE
KAEMEYRER, AR UENTERESH
FYRIK , $ 5 2 & B B (150 kg/hm®) B, H %
EHTE,RRRAM, EEHEMNMABEYES, H
UTFBRREPRN 9%, XTAKEERMBEAGE
H—-SRELPIEREKPEDEATEN - BE
FEH,

AUOBRERE EHTURERERT ,HRIME
YR L K 5 S i g U0 AR B R
B, i i HARHE T R/MEXKIERE(F4),H
X R A P B A R O R B T AR AR B R &
KE#, REELX/NMERANKI A RRR, &
HEBE/NEEREBKIBRERTE,

H5KGERARR, BB, & /DFESR.
BAEMRKARE, SREARETELNE
DEEKEREE EE AR REBENR
HE. BEMEE, BRI 0 R R &% i, Bk
BIEKXFGRYELY RAER(FS5~7),E8E

BRI EEREYM AT IERAFRR, EFRY
FEHREEBHE AERFTRAENFRR
HIUS10T MR B X 3R A TS S S S BURE R,
BREF~&’. Bt REERERT EWEKE
Mo REHK, FRIFRABERA,

REERAMAREEED ™R, E2HME
KEMEMERORBES RS RA, FHRRUKA.
REMDFRANIERAMKRILRRRN, B 5
EBTAMIKEEER. ERIEFLERP, BE5R
Mo ERRAREERE, MY TURSENR.
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Effects of P rates on N P K and dry matter accumulation
and grain yield of winter wheat
WANG Rong—l'luil 2 WANG Zhao-hui', LI Sheng—xiul , WANG Xi-na', LI Hua'

(1. College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China;
2. Soil and Fertilizer R h Institute , Guangdong Academy of Agri. Sci , Guangzhou, Guangdong 510640, China)

Abstract: In order to explain the phenomenon of the decrease of crop yield-increasing effects caused by over fertiliz-
er application commonly existing in present agricultural production in China, this paper focused on the effects of P rates
on N, P, K and dry matter accumulation and grain yield of winter wheat. A field experiment was carried out with winter
wheal as test crop and at P rates of 0, 50 (deficient), 100 (optimum) and 150 (excessive) P,Os kg/hm?. The above-
ground part of the crop was sampled at different stages to estimate the crop biomass and to determine the content of water,
N, P and K in different plant parts. Furthermore, the relationship between grain yield and biomass accumulation, water
and nutrient uptake in the plant was discussed. The obtained results showed that no significant difference was found for
the harvest indexes over different P rates. One of the main reasons for the increase of grain yield caused by optimum P
rates was owing to the increased biomass accumulation, but not the increased translocation of dry matter from vegetative
part to grain at late growth stages. Excessive P application was observed to increase dry matter losses during late growth
stages at 8 364 kg/hm’, which accounted for 39% of maximum biomass accumulation and was 22% higher than that at
optimum P application. The water accumulation rate at rejoining stage was 989 kg/(hm?+d) at optimum P rates, while is
902 kg/ (hm?-d) at excessive P rate. However, water loss was 86% of maximum water accumulation at excessive P
rates, which was 82% at optimum P rates during the late growth stages. Application of P promoted nutrient uptake at
early growth stages, but also increased the nutrient losses at late growth stages with the increase of P rates. Compared to
the maximum nutrient accumulation, the losses were 26% and 34% for N, 2% and 13% for P, and 26% and 34% for
K, respectively at optimum and excessive P application. Excessive P application could not only decrease water accumula-
tion at early growth stages, but also increase the losses of biomass, water, N, P and K at the late growing stages, and
therefore led to a decrease of grain yield of winter wheat. ’
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