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Effect of limited irrigation and Phosphorus fertilizer to nutrition
absorption and utilization of winter wheat
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Abstract: Through the field experiment has researched the variation rule of amount nutrient uptake and fertilizer use
efficiency in whole growth period of winter wheat. Taking wheat XiNong ‘979’ as test material, adopted. three irrigation
levels as Wy, W, and W3, the irrigation quota was 2 400 m’-hm~2, 1800 m®>-hm~2and 1 200 m*+hm~?Z, respectively .
Four phosphorus fertilizer levels as F;, F,, F; and F,, the amount of phosphorus fertilizer application (pure P,Os) was
0, 60, 120 and 180 kg*hm™2, respectively. The results showed that: Under the condition of same level of nitrogen fer-
tilize application, the irrigation and phosphorus fertilizer application can be promoted the absorption of nitrogen and phos-
phorus by crops. With the increase of phosphorus amount, the irrigation water use efficiency and yield will be a remark-
able increase. Under Fj treatment condition, the grain yield in treatment W, was high than W; and Wj; treatment; On the
basis of W,, if increased the irrigation amount, but the grain yields was no significant increase, also the WUE signifi-
cantly reduced. It explains proper irrigation and phosphorus application will increase the grain yield, but excess irrigation
will cause the grain yield decrese. In this experimental condition, the irrigation quota was 1 800 m’+hm™2 and 120 kg:
hm ™2 of phosphorus fertilizer (pure P,Os) application, the winter wheat growth can be promoted. The compensation ef-
fects for soil water shortage by phosphorus application was increased the panicles numbers per unit area, thus increase
crop production and improve water and phosphorus utilization efficiency .

Keywords: limited irrigation; phosphorus fertilizer; winter wheat; amount of nutrient uptake; WUE; yield

%5 B #A:2013-11-03
BEEWH BF B AREIEEIH (50579066) ; VU144 HE T %815 H (112A072)
TEER N R E (1982—) , &, Bl & g, BE , 8 Al K - FREE 7 T AOAFSE o E-mail : caixia818 @ 163 . com.



FRAZ T 55 - BRA P AR AT 28 /INA2 S 73 W WS B R T B 32 103

FRTA O AR 7= A AT SRR B KK T8 0 A AL
JEE D5 2, NI S S5Ol F /KR B R, AR SR 7K
RA IR RS FANAT o A E AT E 2
PRGBS, 76— A G A Y A AT H L
MO THIEME D F o AT RE R Y J2 AL A T AT 2
15 F SRR A B9 M IR, i 5 AT AR B
KW AySEBX — B AR, B VR Y 1A T
HEARE AT W LE BN, 1 A VR0 536 FROK 73
A BN, A AT FR B TR K A 7 B 2 1 )
JFRNE SRR N — N ERRED DGR
9 EVBR LR 590 98 30 5 29 7K B, i v K B IR AL
S VR ot & /N IR K IE RN A T T 82 1
WSS RS A /N2 BEAT 5 BREAL L 31 55 A M
MREH AR ZHPR. TilEES SRR,
SR BRI AP N P K S E FRITR I
MRtz 1 R 3 2 2O f T S TR AR R
A, AR TR AR A ST R R MACRE ), FEAE T
Fr 53 B SORIE B 5 7K 7 AS L 38 S WA MR N 1Y
FRACH, AR AR Y AP A . T I RE AP
TR AR A SRS R AN AR
RN RE SR B KR RCR S AR AR
N A/NZ X RS ISR R LR SO 25 S B SEY
R R TA/NE AR AR W A A IR R SR
A E AR . BRIE R IR E R e e v
VR L2 it T B — R, R e e I, i AN
YRR AL I GER , i L FH WA IE ik m] L3R 3/ AR
FAEK AR R R A E SRR
IR 2 A VR R B R0 10 A
WFFEAE LR R B S b SR R K R it
W A /N SR 0 B 3R = (R R, LAY D 4
TR 7K AN e 90 /N A AR PR 2K Bl

IR ik

1.1 R w R Fn a2

H (A1 56 F 2006 4F 10 H—2007 4F 6 H 7EFG L
KRB REE TR X AR K+ TR S S %
KEFHEFT, P EChERE L, 1 m A T
HEN1.39 grem ™, HEFFAKE N 24% , FpHE AT
15T PR pH o 8. 14, RGNS =N
6.08 g kg™, BEHEN0.72 g kg™, BA T E
0.89 g- kg™, &HI & RN 20.19 g kg™, R A
55.93 mg-kg ™', SR B N 28 .4 mg-kg !, U
102.30 mg-kg™'o /N AR PR 979

RGN X BT R F 24 X AL IX 20 A, a6 1
IKFBERE 2 AN, 3 3 AN HEK KR W, W, &

W3, 205 2 400 m® +hm™2.1 600 m® - hm™2F1 1 200
m’~hm ™2 WL 4 DNIKERD F R, R KFy, it
B35S 0.60.120 K 180( 4l P,Os kg*hm™2), 3t
12 A3, RpAL B 3 YA, 3t 36 /N IX ., /N IXTE
4.5 x4 =18 m*, A 50/ X 2t 46 % (80
kg hm™2), & BB 2 FFAE N AL — R et A .
PRI 2R P e FE %) ) 6P /s RBP4 K 257K b
B PE R 0.4 m, 355 HE B 2 m 58 AR 3
o A/ N R E AL 2 060 ~ 2 450 m® +hm ™2,
BAAE W AR BE KON R AR FEK B
KOEAEF NG 3 UK, BRAHEG A 1
H) #0514 H 3 H) BERKGS H 13 H),#EKE
KA
1.2 MEFRE

INEAER SRR, S AR T AR R
KONBIHIRE 5 K, &4 F BHTE & /N X HE 5 8
25, BEBURE 20 PR, I8 BRESUS DA Hh s B e A
PR 10 Bk, 7652 50 SR A AR DB 25 8 1, 105 CHEFR H %
7 30 min, RGP R SOCHE T RIEE . BHIEK
ARG MR I o AR I A H,S0, -
H,0, W, &R & i R FF e ZE e, &S
R (Hy80, - HyO0) TH A, PUAH BT L AR E . 7
SR AR B 2R A I« BT AE A5 /N X BT
BRI B A UREEL . FEAE R BEALIEEL 20 S HE
Tl TPECRERL R, AR/ XIRAR 9 m?, T SEBR E
1.3 HESHRAEEFE

K SAS 8.1 Gttt Ar ik A ab i is . 2 & Lk
¢ F Duncan £ (a<<0.05 B E/KFE.a<0.01 K&
K)o
2 RS540
2.1 REEKMEHNZNEERERNE EFTS

K/ NERERRAR N A B R TEA TR AR B
TARECKR, SR B RE TR S TR NRH
~ BB TG, AU BE W T R, S g AR Ak
P AR R AR F I, FR 0 FE o, ]
FEYIRE 753 1 e SRARIE YT
2.1.1 FREEARFEHS LD ZHEANEF AR
AR EZHETMN LN IR A
For Y E R A TN BOR, NFR 1 ]
DIE W, AR as AR i e TAETEM, 775
TR MR BT R, BRI ] 2
IR B 3 32 2 U (R e A HE R 38,
Wa TR, W1 AR /NEZ IR N #



104 TR A AT

32 %

JERTLAE Y, i T AR A P 2 18] NORE i & A+ 1]
A AL B A N AR N R 22 W2 . BT
AL BRAE IR N 5 0 AR Bt 4 K1 (9 T s i, 2R B
SERERRE SR R T /N AR IR RE ST o IR T 4
PR IR0 A o e L 5 058 (L ) B AR PR A K R
R (CFAAE IR [ P 490 S5 ) NS ) S 6 T 4 e B
A DL, W E A8 T i R AR AR AR A R R S A Ik
ARARINE , T T2 7 BEREL IR XoF 7 0 1) W AT 3 % 1y A
KA EER X U] T I /N2 37 23 1 5 5K
HeEGaY) . BUR/K AT, A8 il i i 2 it

AL B WAL PR /N AR N & R R
TATEREAL BEA /NS N 53, {EL d5c oyt 4 Ak 2L
WG B Z AN N S RERARE . K
KT BRmE w4 /N N SR B m T HE
ARSI E A (8] 4 /N A N 225l . oK
FAE T AL B AN NP IR f e, 2
M TR /N B SRR DL B A, M b3 A K e
GF IR o ANTR) AR B A /INAE 25 T B BURELAR (9 0
TR I IR BIAEG , % A Tt e 14 8 A v Ao
T e A K, WA MRS AN S e K

®1 REEAMEHTLNEENEFTHERBSENTURE (g-ke™")

Table 1  The effects of limited irrigation and phosphorus applied on the content of N in plant on every period of winter wheat

B BBL Growth stage

'l‘rﬁii;ms BT B Eiliy= ! HERI B
Reviving Shooting Booting Filling Ripening
F, 26.2£0.66d 20.20 +0.30d 17.17 £0.35¢d 9.50 £0.66a 6.40 £0.10c
F, 27.53 +0.8abc 21.13 £0.57abed 17.90 = 0.30bc 9.87 £0.70ab 6.60 £0.17abc
Wi s 28.13 £0.25ab 21.4 £0.62abed 17.96 = 0.20abc 10.33 £0.81ab 6.73£0.15ab
F, 27.53 +0.6cde 20.7 £0.4bed 18.07 £0.25ab 9.83 £0.45ab 6.50 = 0.20bc
F, 26.30 £0.20d 20.23 +0.40d 17.73 £0.32bed 9.00 £0.56ab 6.60 0.17abc
W F, 28.00+0.53a 20.57 £0.64bed 18.40 £ 0.26ab 10.13£0.47a 6.77 £0.06ab
s 28.3+0.53ab 21.83 +0.68abc 18.80 £ 0.45a 10.33 £0.78ab 6.97+0.12a
F, 28.36 +0.40a 22.43+0.76a 18.17 £0.23ab 10.10 £ 0.66b 6.80 £ 0.10abc
F, 26.57+0.31cd 20.43 +0.97dc 17.07 +0.47d 8.9+0.36ab 6.63 +0.15ahc
Wl F, 27.1£0.31bed 21.60 = 0.47abcd 18.00 = 0.20ahc 9.90 +0.46ab 6.80 % 0. 10ahc
Fy 27.83+0.32ab 22.1+0.44ab 18.60 = 0.50ab 10.33+0.71ab 6.97+0.21a
F, 28.27 +0.32ab 21.43 +0.57abcd 18.17 +0.30ab 10.20 + 0.66ab 6.83 +0.23ab
RS (F {E) Test of significance( F)
7K4Y Water(W) 2.85" 5.12" 6.62 0.42 4.10"
Jiti ¥ Phosphorus(F) 33.40° " 21.06" " 17.96" * 81.14"* 20.19"*
WxF 1.89 1.26 1.17 5.44% 1.48

TE: RPARNE FHEFRIR 0.05 K P EXE S, TR,

Note: Means with different letters in the same column indicate significant difference( P <0.05), the same as below.
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Table 2 The effects of limited irrigation and phosphorus applied on the content of P in plant on every period of winter wheat

BB Growth stage

Trﬁi%ms B P it WS A
Reviving Shooting Booting Filling Ripening
F, 2.13+0.06ed 2.0+0.1c 1.5+0.1a 1.23+0.15b 1.40+0.1c
W F, 2.3+0.1bed 2.27+0.21abc 1.6+0.21a 1.37£0.06a 1.60+ 0. labc
Fs 2.5+0.1ab 2.47+0.21ab 1.53+0.15a 1.5+0.1ab 1.73+0.12ab
F, 2.26 +0.16cde 2.26+0. 16cde 1.63+0.15a 1.4+0.1ab 1.60 0. 10abc
F, 2.07£0.12 2.13+0.06bc 1.63+0.12a 1.36 +0.06ab 1.53 +0.06abc
W, F, 2.4+0. labe 2.4£0.1abe 1.63+0.15a 1.47 +0.06ab 1.720.1ab
;s 2.6+0.1a 2.57+0.2la 1.56+0.15a 1.57+0.15a 1.820.1a
F, 2.53+0.12a 2.43+0.15ab 1.520.1a 1.5+0.1ab 1.63 0.06abc
F, 2.3+0.2bed 2.17 £0.15abc 1.57 £0.06a 1.33+0.06ab 1.520.1bc
W, F, 2.4+0.1abc 2.3£0.1abc 1.620.1a 1.47 £0.15ab 1.63 0.06abc
s 2.6+0.1a 2.47£0.15ab 1.720.1a 1.4+0.1ab 1.67 £0.15abc
F, 2.6+0.1a 2.57+0.21a 1.73+0.15a 1.47 £0.15ab 1.70£0.17ab
A (F {H) Test of significance( F)
K5y Water(W) 9.25" 5.12" 1.49 2.97 37.54% "
Jiti % Phosphorus(F) 26.25° " 21.06" " 0.66 5.30" " 29.39" *
WxF 2.14 1.26 0.86 0.75 0.57
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Table 3 The effects of limited irrigation and phosphorus applied on the content of N.P in plant on every period of winter wheat

HFHH Bt Growth stage

puri]

Treatments IR T Reviving A5 Shooting FHEH] Booting T Filling Y Ripening
N p N p N p N p N p

W, 10.01b 0.84b 42.49h 3.85a 50.49a 5.47a 27.80b 3.87b 25.38a 6.13a

éjvﬁr W, 11.58a 1.0la 48.43a 4.15a 54.21a 6.10a 33.50a 5.0la 25.23a 6.21a
W 10.7ab 0.97a 46.68ab  4.28a 54.22a 6.03a 31.80ab  4.49ab  25.10a 5.99a

Fy 9.71b 0.79¢ 39.96¢ 3.60c 46.42h 4.50c 28.04b 4.08a 23.71a 5.30b

T F, 10.5ab 0.91bc  48.07b 4.28ab  50.29b 5.54bc  30.99ab  4.48a 25.60a 6.25a
Phosphorus 11.77a 1.08a 54.40a 4.76a 62.47a 7.20a 33.13a 4.78a 26.41a 6.67a
F, 11.1b 0.98ab  41.05¢ 3.72bc  52.72b 5.93b 31.96ab  4.65a 25.37a 6.22a

BEMEAGI (F H) Test of significance( F)

K4y Water(W) 3.39" 4.64" 1.64 0.80 5.92 1.86 4.60" 5.45 0.03 0.36
% Phosphorus(F) — 3.14* 6.53" 7.44% " 6.23" % 21.49""  11.56" 1.90 1.19 1.72 7.22%
Wx F 1.30 1.66 1.42 0.25 3.47 0.27 0.11 0.34 0.56 0.75
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Table 4 The effects of limited irrigation and phosphorus on yield, water and fertilizer use efficiency

o i U % B % MM FL TR
Treatments /(kg-hm?) NUE/ (kg kg™ ") PUE/(kg-kg™") WUE/ (kg hm™2+mm~")
W, 7672.1b 95.90b 78.3% 63.94a
hﬁ;ﬁm W, 7931.8a 99.15a 81.74a 44.07b
W, 7702 8ab 96.28ab 78.33a 32.10¢
F, 7570.2¢ 94.63b — 45.37b
ik F, 7696.7h 96.22h 128.29a 46.28b
Phosphorus F; 8044.8a 100. 56a 67.04b 48.19a
F, 7762.9b 97.04b 43.13¢ 46.94ab
B EPERGTR (F ) Test of significance( F)
K53 Water 3.11 3.11 3.2 991.36" ~
Jiti# Phosphorus 4.66" 4.66 1617.44" 4.047
JK 53 x i Water x Phosphorus 1.51 1.51 0.61 1.35

T AR AE P08 = TR/ NP s KR IRCR = TR A K
Note: Nitroge utilization efficiency(NUE) = grain yield / amount of N, P applied in soil.
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