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B RAFKSFET 5 Z B 4 MR A KRR (water use efficiency, WUE) K= 1)
W, BRI RV IEANEE T . IR WA (CK). i (surface P, SP). ¥jiti (deep P, DP)
R Rt (deep-band P, DBP) 4 A3, RANfE/KF N4 IR (WL FIT 5 CGEMNEFWIToH m R
(W2) 2 PR AbEE . 45BN, MEREAL B AN REME 2 (P<0.05) FEMIA/NEZRIIMRK 04l . WUE B~
B, FNSEAHRASE M. T2/ E 0~<30 cm L ERKZEE R, F817.5%, #1237 30 cm
UTLERKESE, BN 13.3%, R LK R g, Minfemr &, Tiems®, MgisE 0~
<30 cm LEZMREEE . WikE. WUE &2 ¥E# 5T CK (P<0.05), il & 4/NE WUE 7= & 1520
B - K o1 5, TEANFEHEMER , 5 RIS A LE, SEAR LR 525 189 0 WUE 7= (P<0.05), 43 P2 1 in 28.5%
F116.0%, HFZERK (30~100 cm) R R . WUE FIr= s AR b dA—30 s e i, 55 i il i A
L, BRI A 2 PG WUE (P<0.05), ~FIYFEAI 13.3%, HEZEMRK S WUE. FFESSRZ . 2R
IR R, LKA HENA LR, BRI R TR AN E TR R KR E, sk LK RfoR)
g, IR TR . i%WFFT Al BEAR AR AE A K™= i) 7K 43 3% 53 2 IR B i B 32 (L RV 0 B
KR AeAh; HEBE; Ko 2 EEEE RKaA, KaAREE; Fg
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AT 2 R R R BT Koy Wt 41
T, S5RZME (5~7cm) ML, WER# (10~
15 cm) i/ 225 B 10 300 ~ 43%0 .
Kuhlmannt7E 5 ik 1 i #5 Loess-parabrown 35 |
MFIT RN, /N B & RS 30 cm LU R+
JEA S R R IR (BT E DN, IRk
YR VR AR D SR A AT 25 4 PP L R
gy 5

A IR T AR TH AR PR A ZR A A v Rk AR
BRI TR XSS, T LSS e i /4
FEE UK BRI BRI, B2 AR B it e
PAEOE K B e ORI R s . AR IR AT o 3
=70 R e = N =T (L S S WD
KNG N BEAAE R, BIFTE o) S K 7 S A
INIMRER M SR R R K FIRICR, &
BB, BAEHH RO A K NE AR 2E Ty 5,
A B AR AL e e T X

1 #MRERE

1.1 RIS R

IR FAE RNV IX, A8 R B KRR K
AR T AR M Az 2550 ol AT i FH (R G
ZAR I A TR A Kl Bt xRN
(35°12' N, 107°40'E) , 4k 1220 m, J@Bzi s
TR KRl 2= i, AR AR 9.1°C Bk
584 mm. LA WIN 171 d, 1 F /KR 50~80 m.
TRy L, RIE RGN K, XIREHTE TS
+ (Hap-Ustic Isohumisol) , FHoH}J5 e 35 J5 (i v g
PRI O R 2 <3 ES 177 /AN i B /o S = 1
J Ve B X P R AR R T . S0 IR AR A AL
Jin A% AR SRR HLE T 2 50 A
79 11.5 g/kg. 0.78 g/kg. 10.6 mg/kg. 114.5 mg/kg
Al 3.46 mg/kg. IREX 0~200 cm ¥ JiE 135714 H
[ REACRE (RS ZK%) 24 19%., 2010—2011 4k
56 SO R VR4 A 6 U0 R R L ] 1

30

—o— LT iEMinimum temperature
—¥— i i Maximum temperature 1200
20 = [Ny E Rainfall
2 150 F
% 10 + %
g 5
g i itz
g of 100 12
E B
N
-10 | I - 50
20 0

H 43 Month
B1 APEAFTHAERERES>A (2010 - 2011 4 )
Fig.1 Monthly temperatures and rainfall during growing
period of winter wheat (2010-2011)

1.2 Rt

TRI Ak HR AL FE - ek o FUE R 2 AR o i
WA (CK) « #jifi (surface P, SP) . %¥jiti (deep
P, DP) HMllykjti (deep-band P, DBP) 4 Ffiib i,
IR VERNFEREME CREVCREME 2 HH )45 7K R 1) 70% ~
80%, H W1 FKoR) 5 CEAET AR,
W2 %75) 2 MEFE. 4 lseas i, 8 Mt
FAAE (£ D, BAFES 3K, BENHA.
XA 3 mX 4 m=12 m?, 7K 43 kb B 6] K5 2541 4 3 m.

2 it kg e Tl RO S5 e BT g, R Dk s
0~<20 cm L2, #UtET 20 cm &b A EE T
30cm &b, ARJEHGRISEAZ H -, DU it Dk v it T
30cm bJRAb; EBEAL BEARYE /N IR KR
T 2010412 H 14 H. 201144 24 H. 5 /1 8
HAT6 A 3 HEATFN S HENE, A5/ N X 0.25 m®
R THEBLE 20.8 mm) , HEMEALFEA /N 47
B RE R A 83.2 mm. R ALBREUIE . BEAE AN
JNEAEBENE— IR PN, BF AL FR A BRIt FH A [
SR A IR CLLBR 2 B D 210 kg/hm? FIARIE (L
TRIRBI B 75 kg/hm?. X5 T 2010 4F 9 1 23
H &Rl ATIAEE R 20 em, ATk 150 kg/hm?,
FH [i) 57 B[] — f R (1) 5%

F1 ORBAAEAS
Table 1 Treatment combinations for this study

Ko e TR Jt 7 =
Water PhosphorZUS/ Phosphorus Methods o_f ph_osphorus
(kg-hm™) depth/cm application
0 - -(CK)
W 120 0~<20 Kt (SP)
Irrigation (W1) 120 20~40 T (DP)
120 20~40 Mt (DBP)
0 - -(CK)
F 120 0~<20 it (SP)
Non- irrigation (W2) 120 20~40 BT (DP)
120 20~40 MR it % (DBP)

e WL, BRHEM 4 H ) R 21 70%~80%; W2, BEANMEE WIAE
W T

Note: W1, water content of soil is 70%~80% the content of field holding
water after every irrigation; W2, No irrigation during the whole growth
period; the same as below.

1.3 #H#mEESNE

1) +3EK5r: HkE 2d, 0~20cm +/ZH TDR
CIHeE S 514, Time domain reflectometry, & [
MEGGER, TDR1000/2) . Mt yEuEmGlE 15
IKE, MRYESACRRBET K ER, THE R .
THEwT WA RN X 485 K42 0~200 cm £ )2
T#E, 4520 cm fEHR 1 ASRERZIK, SRJE1E 105°C
Ht 24 h BEE, FRHE.

2) FWIFES: BN RAE, B/NXBENLZ
FEAATIER 4 47, M ULV N RN = 5, R
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X BEMLIZATIEE 2 > Lm KRR, MRS58
RS, R I A R B AR, TORE
Tl FPRL R SO R RS R, SRR
DX BENLFLATIER 2 A 1L m KRB, H BTSN
WyiE S . AN R AR P I DL 75 C Ut
T RE R A EEE SRS, HK
H,S04-H,0, ¥ 2, AHERDT L ik e 4T o T
AN 2R RISOOR FH = BRI, DRI A SR
P /N AR el i A AR RN B A R
Wt . K HFIHZCE (water use efficiency, WUE,
kg/(hm*mm)) W AEYIFFR 8 (kg/hm?) FIFE/K &
(mm) LA

3) MREMM: Zri, A A G sh T AR
Bi (N4 10 cm) 7EATIEIAMT E&4T 145, &IF
FEIG AT 08, K LA E TR, =i 10~20h
Jei, EEYe I 0.15 mm MG E, PEid RSk
Z AR . AR R HLAEH] EPSON  Perfection
4870 Scanner I GIRFARIG, e HER R
R AE UL, %K™ WInRHIZO Pro
(Version 2004a) &R AR FIRAHREE Cem) .
1.4 HUESH

K H Excel 2003. SPSS 13.0. Sigmaplot 10.0
w0 B A AR TR . T 2500, IR
Duncan Hr & =k T 2 EILE .

2 HRE5HMR

2.1 FEKDFETHERBTZNERKEE
R

FRAC 2 BE S AR IR R W B /bR 2 —, B
U AR RAE AR A . ANFIK ST
Oy IEERE I (P<0.05) SLMA /N 2 IR K2
FEAr IEFN B m A (B 2) o Bl IER A
3G AR K 2 S k. WA K B, 5 wil
REBEAHEL, W2 AbFE 0~<30 cm R MK 35 i 5 3
P& T 17.5% (P<0.05) , 1M 30~100 cm + /2K
SEEHIBERIN T 13.3% (P<<0.05) , BT 21
BANE T &NERBERAMNEK, AR THRERR
HEREE . WA G, 2 ka4,
WAL FE (SP. DP Al DBP) 0~<30 cm +JEHK:
BB E T CK (P<0.05) , XN 34.6%,
L3R 2 it g Ab BE (SPOAR 5 35 w5 i 2 i i AL BE(DP
A DBP) (P<0.05) , “F¥iEin 25.8%, HiHEZE
i e LR EMR R LK, XNERFBTE
JZ5 4 30~100 cm +)Z K% DP Al DBP ¥J
5 CK fil SP 1 (P<0.05) , “F¥yifhn 161.5%, i
WA Z T A R TN R R L, RIERER R
HEREE.

i

Barraclough® FL.76 1989 4Ea4eh, 4 13
MK 2R /N 0.8~1.0 cm/em® i, R R IUAS 2 2[R
HIVER 7853 I 3K RIS i R F . Teth
FEREME AT T, R ARG o T A AR A 5
¥ 60~<80 cm ik ] 1.43~1.46 cm/cm®(& 2),
7 80~100 cm 1% 0.83~0.90 cm/cm®, i%ii
£ 100 cm + 2 AR K2 i 4E 0.8 cm/em® L L,
IR 2 K o B IR oA R M &
WK B BEfE 60~<80 cm 4bk 0.66 cm/cm®,
SRR JZR R A LS BREIVEDIRHR )2 K5y 77
S FIW R F i

K25 ¥ Root length density/(cm-cm™)
o1 2 3 4 5 6 7

20 +

40}

60 - —»— WISP
—e— WIDB
—— W2SP

—— W2DB

42 Soil depth/cm

80 | &y o5

100 L

H: WICK, REMEANHERE: WISP, WEMRZMiBE: WIDP, #EMiAZiE
f; WIDBP, #EMEMIZRERS; W2CK, FYEARMR; WasP, HFEER)Z
Wit W2DP, RAEVRZEHERE: W2DBP, RAEMKERE: FIE.

Note: W1CK, Irrigation and no P; W1SP, Irrigation and surface P; W1DP,
Irrigation and deep P; W1DBP, Irrigation and deep-band P; W2CK, drought
and no P; W2SP, drought and surface P; W2DP, drought and deep P;
W2DBP, drought and deep-band P; Same as below.

B2 RS AT o B £ 2 BAR I & £ BAR
KEEG Y
Fig.2 Effects of phosphorus application at different soil depth

on root length density of winter wheat under different water
conditions

2.2 FEKDEHETH EMET L NEERRE
=:0b- A

ANTRIIK 53 A1 1 43 J2 it T o 46 /0N 32 ZA U
R B B IR 52 WL 3. MK AL BEE, 5
W1 AbFEAH L, W2 AbPEA/NEE R PRI & (DP.
DBP [441) WEFHK (P<0.05) , “FHB#K 31.7%.
Tt e AN e HEWE, R AL (SP. DP il DBP)
KON R B3 S T CK (P<0.05) ,
BT 250.4% o it i AV T X 4% /)N 2 RE AR W A 1)
M 5 38K i 5, WL AR, BEARYRE (DP A
DBP) 53&jiti (SP) Ab#H [ R ke folf 5 25 S+ AIA 5%
WEKF; W2 43R, 5 SP AL, DP il DBP )
WERN (P<0.05) , “FHHahn 64.2%, BiHITLAN
FOTEMEINT RS2 it ol 56 A ) T Bk A /N 22 x) - 4
WA . i 2 FE 3 R nf LA, W2 Ak
PR, ZfEIRE (30~100 cm) ARK B b A fE
IR R S (AR A — B, R InyR 2 115
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FRAC 3 B e 4 iy MR I PR S B R 3%, 1T WL A
BN, sk Z R

W WL, E W2, BAE; CK, Atk SP, 2R DP, K
it DBP, MUVRMERE. B om bR, Ko b B
AN FRER IR 2718 5% B F /KT (P<0.05) ; T,

Note: W1, Irrigation; W2, drought; CK, no P; SP, surface P; DP, deep P;
DBP, deep-band P. the different letter in the same water treatment means
significant difference (P<0.05); Same as below.

B3  RRIKGEAT o Essiat S 2 B AR A AR A
BHRA
Fig.3 Effects of P application in different soil depth on P
uptake at booting stage of winter wheat under different water
conditions

2.3 FEKDEHTHEREBEITZNEKSFH
S abA)

H B 4 07 W, AR BE A /N2 4 K
IRV B FER . WNARFRK S, 5
W1 AP EL, W2 AL BE/K R R ) B2
(P<0.05) , “F¥1ln 86.7%, % W] JCHb 76 HE A A
FARREAC NG 13K o OBORI - T3 e T
KRR 2 MoK, it (SP.
DP A1 DBP) /K7 Fl H R X ¥ W% & T CK
(P<0.05) , ¥y hn 40.4%. A it A7 B X 4/
2 IR R R A s Bl 3K o 5, WL AbEE
T, 5 SP AL, DP 1 DBP &bHH/K 43 %%
WERK (P<0.05) , “PIFE(E 13.3%; W2 4b#

K2 FRKGFHTHERENENEFE.

T, 5 SP AHLL, DP 1 DBP kb3 /K43 F F 2% )
WER N (P<0.05) , “F¥ys8n T 28.5%, KWL
AR G AN 78 1E TR N ol IO v e S A R TR e &
INERD R R I 2 FE 4 B LUEH,
W2 &, RZAHIIVRE (30~100 cm) MR T
B, AKSFAHSCEEE B, WEREK SRS
FIHRCR AR AIEAR —SL, e WL b3 R )
ToUE A, I TC RN T HEE I AN IR JE AR K
T R T 6 3K A R R BE T, AT 4
17K R R

7K

Water use effi

Wi w2
7K 43 Ab F Water treatment

B4 KWK R E K FM T o Eashas & ZKaF
GRS

Fig. 4 Effects of P application in different soil depth on water

use efficiency of winter wheat under different water conditions

2.4 ARREKRDFHTHERBENENEFERIE

SR GIEAL
2.4.1 RRASEMT BB L) £ A

JE MR F 6 #

AR EEEL BRI TRLFUR S N R
SRR, RS WA /N EE R AR S ok g
o NIRRT ZAE T I3 TR 2N 7 i e
JRPIZR KT WA 20 ANRIZK 73 A B 8] A 25070 BEA
MR TR K R ARIE F) 5% 2 K -

PR E R RBIRERRIR

Table 2 Grain yield, yield components and harvest index (HI) of winter wheat under different water and phosphorus treatments

AbEE R B Flhr £ TR JeE LVEIREd
Treatment Productive tillers per plant Kernels per spike 1000-kernel weight/g Grain yield/(kg-hm™) Harvest index
WI1CK 1.58 b 29.7a 47.7a 3925.1b 0.32b
W1SP 214a 348a 47.3a 5637.1a 0.32b
W1DP 20la 29.7a 48.2 a 5258.9a 0.35a
W1DBP 2.02a 299a 475a 51708 a 0.35a
W2CK 150 b 275a 47.8a 3892.8 ¢ 0.36a
W2SP 202a 28.3a 48.3a 49758 b 0.32b
W2DP 22la 295a 49.1a 5763.1a 0.37a
W2DBP 225a 29.1a 49.1a 5784.3a 0.37a

e =8 — 7K o A B [ R R 22 570K 5% R K Rl

Note: Data in same column and water treatment with different letters indicate significant difference (P < 0.05); Same as below.
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it T S =5 S V) 53 TR o RN Rk 50 A1 1 A
PR R MR (P<0.05) (% 2) o 2 Rk
LAEN, HitabPE (SP. DP. DBP) & EFm T
CK (P<0.05) , “F¥JH8hn 39.0%. /It FH A & %
KNP R I R b LK, WL &R,
RIZTEREAL L (DP A1 DBP) 774 55 22 2 i i ik 34
(SP) Al Z=SAEE (P>0.05) ; 1ff W2 &1,
FEE NS E RN (P<0.05) , PR 16.0%, i
W TG D 78 R 1 TS A S RS it o) 46 /N 22 7 TR R L AT
BB REVER o oI 3 7S HEE, A it FH R
Xof A /NFZRERLE . R IR M Y G W 2
(P>0.05) . /& 2 f13 2 i6 AT LLA H, W2 &1F T,
ZARHIR 2 (30~100 cm) HRK 577 B ARk
— 5, RWIREAEAR I 78 EBE I L 3 0 4N 2 IR
&R R R, T WL AR, =
A
2.4.2  TRIKSEMT o Bibshat & Z K35
%

RIS H0 (Harvest index, HI) F8I3R i
B8 S EE T TR P, e st
FIAGRE ) MBS B IR B A 0%, T AR 1L
YRR 7 BLRR, R EBEN =S —.
/N B R AR R PR 5, R RGN
SIRHCE, RREIKBEALTE HI AR LT 0.32~0.37,
RN (R 2) , RFLNZPCRIEER 2 A
B KA . MNAFEK S, W1
5 W2 ieEfckis e R AR (P>0.05) o 2 Ff
IKDEAET, SHERMEMLL (SP) , WAL AL
FE(DP 1 DBPOHI ¥4 5 2 341, 43 S F-35 584 1 7.71%
M 14.9%, FKIFBEICH A RT3 &4 N2 lokds
B, TOAN TS HEBE IS R R S A W

3 it it

AWFTUEE R, 70RO I o B L
O B AN AR AT RESRAT =i AR &
W2 EAERRLAS a5 Rk, 7F B2 T 5
(0~<30 cm, TIESKEN HFEEFKER] 40%~
45%) T2+ 45E (30~60 cm, ISk R A H
6] J5e KK 1 70%~80%) 4411, Ml Ay it
(30~60 cm) ff FZMR ALY = (0~<30 cm) ik
b, MR ZR R B R (30~60cm) BN,
MR R A B, IRER R IR XA E
KRR, Mide s KR Z K r 5, [
i, WERRLSREEVIMG, KEREEEZ, ™~
B, AN E (0~60 cm, TIEESIKEN
FE ] 57K 2R 14 70%~80%) 4% 11 MGk 421,
BTG AN, IR ER R 2 R oA EYIE ok

K= IR R, RIERRNA LS WHEED
PR 3K 43 FO SR 43 (R SOR) B8, AT %
K FRAFIZE, BT o B3, A
FH R) SR 6 25 AR 0, AR AR b TE A 7 E B I 2% 12
# (P<0.05) [FMLEZ (<30 cm) K, P
ik 17.5%, 1fi %% (P<0.05) #ini)= (=30cm)
WK, FHn 13.3%. WA TG, L
WHEWM ST, W22 8 n/ 32wz
(>30 cm) KR, ISR AR B VAR AL 2R A /N
FREMRERKKE, AFRTRBCE 2 1 35K 5
FFEGy, JCIRTETo R 78 HEWE I 5O BN B3

FEBRRA AL AR AR M X AT AR50 2= 1
iRt (5~7 cm) AH L, B (10~15 cm)
SN T AR N b AR KRR e e T
Lotfollahi 25 B2F] Hi 2 4 s 0F 50 % W1, /N2 IF A6 IS
2 ARz 145 (60 cm) Bt AU 2 KK =i/ N
or 7 B R [ 07 i SR 3 AR KR K 43 ) 250%
I LA A IR 2 il 2188 R e 2 5 A 4 v /N 2 X IR
JERE RO R B BN 2 . Jarvis 2600k
TR 2 TR b /N 22 P sy S 25 R OR
Wang 253 H - H I i ST R B, RS R R
CHRRBEAKMER” R Z T 3K BB T 50 R
B3, RN TREZ 85 B SCR F (0 LT
AT LLRBEANTE o ARWFTURE, ToANFEREME AR T
Tl AR it ok 25 18 I A /N A AR R B f s K 0 R FH 2%
R g (K 3,4 MZk 2), HiR 2K (30~100 cm)
SRR KR RO Ko w1 AR A —
B, BRI TR R P mE AR B . Ky
FIFHRCR S = R BER 2, MEAN R & 1
M Z JUEEbE, R0, 3K A I AN 32
RE IR R SRR . 7K R R0 S
UG, RIVRE T IEARA i 0 g 2V E W 0) 1 15
IR FIFE IR, & IR, 2 IR
AR BRI E Y e R OB R 35

T A = Ry e - i T I R 2, 16
kDR E IR, fE e R LR TR R
TUAB, S A TR AR R M EC E R, A
AR T8 EH A vF 2 a8,
A6 1 )2 KA A N AN JE B 2 R K
TR AR K (SR S N o (R, S5 S VR
T LR RME M0 SR E R R 88 R T
T AR + K 53 FNFE5: B 78 40 WOBC, B K
I3 FROPRITR R, BN e AT S iX
—Hhr. SEEHEREATLL, DR &N A K
PR B R, HRERISERR AT, ARk
Az 7 18 R it A o
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Tk JEL e P A7 0] A6 /N 22 7 i R SR AR B
Wi Bt 33K i o 3K BEN 78 L I, R A
AR T4 R A& /N P s AE KN AN 2
W, Tl ARt B8 A /N2 7 i OBORFR B R A
B, S84 A TN 16.0%F1 14.9%.

2 Pk AT, HEEILREF CK AHLL, %
AEVR i 5 2% (P<0.05) B4 11 30~100 cm 4 2R K%
B, ~P¥8E N 161.5%, BB A Tt &
INERE TR R KR T, $Emnt B8k Fii
IR BE ), WmTER R SAERNE,
2 AR R I IE Mk S E AR R o) 72
Iy R 2 KRR R EEAEH, Mf
FIFHemKy FRORHRE K 5, AL
AR T SIIE— H bR WA 5 IR 2 Tl 0 44/
KB R A A ER, % I8 2SEBR v 4T
PE, RME A = R B R it

ARG 3 b R AR B3 < LR
W, PR R A, BIFROAS RIK R SRR
i AT B X &N MR 7B R KA R R 5
We),  SEA B A TSI SR A R 7 R e A i
JEALE, XHES R AE AR A HE AR At — 2 i
WHISL R . HA G e A 1R £ J7 T
(COSER

1) ANTA] A 27K I Ak B ) 7K I 2 T o 15 8 B
W, RERW T AN R R, Kk, 540
SEREE A, AT DR IR A T I A AR R
WE5T, BIEAF 2K B IRl -, SAFEAE
A e . FR43hE, SRk B AN )2
R AR BAZK AR AL B R R R [R5, I 056k
X /N i S A IR (I

2) T HIEA S AN AR,
SR I ] 0 18 = S R R R R, DRIk, )
DUGREAN [ AE g A AN [ AR AP A TR 9, S #T
e GV e VA (L w2 S 1B Y AP R d e )
TR G AR

(& % 3 #f]
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Effect of phosphorus application in different soil depths on root
distribution and grain yield of winter wheat under different water
conditions

Kang Liyun® 2, Shen Yufang®, Yue Shanchao!, Li Shiging™*
(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Northwest A&F University, Yangling 712100,
China; 2. College of Forestry, Northwest A&F University, Yangling 712100, China)

Abstract: In order to find out the best water-phosphorus (P) application method in improving grain yield and
water use efficiency of winter wheat grown on the semi-arid Loess Plateau of China, this study evaluated the
effects of phosphorus application at different soil depths on root length distribution, water use efficiency and grain
yield of winter wheat under different water condition and analyzed the relationship between root distribution and
grain yield. The experiment consisted of four P treatments and two water treatments in a randomized complete
block design with three replicates. The four phosphorus levels included no P (CK), surface P (SP), deep P (DP)
and deep band P (DBP) and the two water treatments were irrigation (W21) and no irrigation (W2) in the whole
growth period of winter wheat. The results showed that there was large difference in root length distribution,
water use efficiency and grain yield of winter wheat among different treatments. Compared with the irrigation
treatment, the non-irrigation treatment significantly (P<0.05) lowered the surface soil root length (0-30 cm) by
17.5%, but significantly increased (P<0.05) deep soil root length (30-100 cm) by 13.3%, which would be helpful
in promoting the absorption of soil water and P, water use efficiency and grain yield. Root length density was
increased at the site of placement where P was applied under the two water treatments, particularly under water
stress. Whether irrigation or not, P application (SP, DP and DBP) caused the increase of P uptake amount, water
use efficiency and grain yield, compared with the CK treatment. The effect of P placement on water use efficiency
and grain yield of winter wheat was different. Deep P application (DP and DBP) significantly (P<0.05) decreased
water use efficiency of winter wheat compared with SP by 13.3%, while significantly (P<0.05) increased water
use efficiency and grain yield under non-irrigation treatment by 28.5% and 16.0%, respectively. Furthermore, root
length in deep soil layer (30-100 cm) was positively correlated with P uptake amount, grain yield and water use
efficiency under non-irrigation condition, that is, the longer deep soil root length, the better water use efficiency
and higher production under soil drought condition. No correlation was found between root length in deep soil
layer (30-100 cm) and P uptake amount, grain yield and water use efficiency under irrigation condition,
highlighting the importance of well-developed subsoil root system for both high grain yield and water use
efficiency. The study suggested that deep placement of fertilizer phosphorus was a practical and feasible method
of increasing grain yield and water use efficiency under water stress conditions by promoting deep root
development.

Key words: fertilizers; irrigation; moisture; phosphorus application in different soil depth; root length distribution;
water use efficiency; yield



