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JE, BARZEEHE SR, S VR K A R 120,

H AT AR AG T B A /N 2275 7K i e R 2 3R 1 KR
TEK B K HRIEERY, HEK AL 1500 m*/hm?, 760 S0
N T SR AR AR T R S LK RS 2K ek VR VB
H8 IR B AL T TR AR T A /N P i Y ORI K 4 R
M, HRTAR WA . /N2 A E G WL Yoe R B Uk
LT OCRERT I, & U S IR R, 4R
MR AR K, AR T E G e M Kt iy
IHAREMAP . R F B AR T LS K AR — 4Rk, 7350
MBS B2 5y S o A DA N 5 BAZK RS G R 4 /N A2
7 B RN 7K 43 ) FH 118 5 0 1 R DA

AR AEHEAR DT E AT, WA 2 IR 3 K
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1.1 RIE R

RE T 2012—2013 12013 —2014 4EJE7EF E ALK
S MRS (37°41°02"N. 116°3723"E) #ET. WE(X
JE IR S A A S, BRI KA, R 14~
22 m, FERFKE P 562 mm, EEMGE 6—8 A4
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T TR KR S RS R vy

AN R AR AR %

LB R SR A L, SRR, MR KAL 7~9 m, 2 m
BRI 420 m’. BHZEEHEAHUR 11.2 gk, 2%
0.8 g/kg, WM 18.2 mg/kg, HERUE 76.8 mg/kg, 1TIEL
&, BEBEFHHIK, K 40 m, FFERLHE 25 m.
1.2 RIigit

PAAEARP SR A /N2 IRAT T K P R R B (BT K
FIFAEAD HIHEKEET 1500 m*/hm? 5 4 AR 56 HE /K B
e TEMEAK R N WCE AN RO R B K A — Rk A
L, HAR RN 1 FioR. 2012—2013 45 5B 105 2
W O(S2) o fmE 3 ¥k (S3, HE 4 Fh4lART S3-1. S3-2,
S3-3 F1 S3-4) . Wi 4 Y (S4) FO% bV RE (IR

KA K (CKD) , EE%E 195 kg/hm?,
105 kg/hm?® 1EJEEAE, 90 kg/hm? BEEEK 2 VUGB, 2> HFA
[ Bl YR BN & /N A P MK 29 R T CR IK 5, Wfe
TGS 3 VT B IRE KB . 2013 —2014 4F 75 BE & 2
R(S2)  JmsE 3 WK (S3, 5 _14F S3-4 [H]) FIfmE 4 %
(S4) , BACFHRENEILI N 105 kg/hm?,  {EMIERE % &
AFIEEE (N1, N2, N3, 43504 45, 90, 135 kg/hm?)
AEEE, JEREREREK AU, AT KBRS A X AN
BT B B BOREZK LR 7= SRR 43 R FH AR 15
T 2 IR 3 IR 49k, BRREIE R 500 0k BB E R
12, 1/3. 1/4,

R1 TRMBAEKERE

Table 1 Amount of irrigation and N fertilizer in different micro-sprinkling treatments
WEJK Trrigation/(m® hm™) AU N fertilizer/(kg hm™)
A [ TS il 24
oo WM RN THEN WM i e wm s orew Ty
Jointing ~ Booting Anthesis filling Total  Pre-sowing  Jointing  Booting Anthesis filling Total
CK 750 750 1500 105 45 45 195
S2 750 750 1500 105 45 45 195
S3-1 450 300 750 1500 105 30 30 30 195
22(])?37 S3-2 750 450 300 1500 105 30 30 30 195
S3-3 600 600 300 1500 105 30 30 30 195
S3-4 450 750 300 1500 105 30 30 30 195
S4 450 300 450 300 1500 105 22.5 22.5 22.5 22.5 195
S2N1 750 750 1500 105 22.5 22.5 150
S2N2 750 750 1500 105 45 45 195
S2N3 750 750 1500 105 67.5 67.5 240
S3N1 450 750 300 1500 105 15 15 15 150
22(1)?; S3N2 450 750 300 1500 105 30 30 30 195
S3N3 450 750 300 1500 105 45 45 45 240
S4N1 450 300 450 300 1500 105 11.25 11.25 11.25 11.25 150
S4N2 450 300 450 300 1500 105 22.5 22.5 22.5 22.5 195
S4N3 450 300 450 300 1500 105 33.75 33.75 33.75 33.75 240

1.3 iRIEITE

FHFENX 10 mx8 m, 3 IKEE, RINHEX &I,
DI R A X, DURR IR ms fE BB S o |l it
RN AT 22, 10 A 15 HEEFR, 15 cm 478
Hi, R Man 2532498 0 (ORI HE R 48 (ReE
Dol EE R A BR A F] D HHATHEK, AKIERIFK, HEKE
SERIAPE, OECH KR 0.02 MPa, BERE 8 ATHCE 1AM
W, WK 40 m, HIZKE 6.0 mYh, WA 800, FERTIR
W2l 105 kg/hm?. P,0s 120 kg/hm?. K,0 90 kg/hm?, i
NERHRZ, et g, w1 ProshiK—[
TN R S T e

2012—2013 4EE/NEFREN 161.3 mm, 2013—2014
SERENEZEN 137.0 mm, AN AN ELE 1. %
WE 2 Yk CEIEHEXT D 2012—2013 4E A& /N R I.
TEAEIAR I 20504 2013 4 4 13 H. 5 /3 12 HAI
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Fig.l1 Rainfall distribution during winter wheat growing seasons
in 2012-2014

(=}

1.4 MNEmRB5SAZ

1) BHAHTFRIES (leaf area index, LAD) : T-JT
AEHIRES S (FE)5 25 d) M AR 20 BT Al 2 A4
AR, SR LAL
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BRI BEAE T . &R 5 N DA 3 MR B
2 cmx50 cm, MK - BEEAT 204 . 105°C %75 15 min,
SOCHLT-ZE i HE, Wi, VB TH i Ly .

4) Ky TR PO TSRS
TEOKS AR WER, HTEES/DXEL 0~200 cm +
JA 3, B 20em ), BOREE LRI NG, BRI
BT, 120 CHETRE U, T R S OR.

5) HAFRbRII: FEKBL RS (water consumption
percentage) AT BUK S ZEHUE AR B WK 750
B, %; FE/KTRSE (water consumption intensity )
HAEB W BOK S &R ST B 8RB LU A,
mm/d; KFIHZCR (water use efficiency) H&H " &
54T WK 75U i (evapotranspiration, ET) [#]LL
i, kg/m’. ET N

ET=AS+P,+I-D+Wg—R. D
L AS WAEEIM 8K E, mm; PoAEWE,
mm; [ AR, mm; D WS LK SRR R
Wg NEZH T KR E; R R . ARKH T
KL 9m, HIEHIERIZW, D Wg Fl R ¥n] 25,

6) W= P M ARG N X E I 4 m?
Qmx2m) X, PN TIE], B RTE, FF
RS KR 13% A S AR BRI 1 m AU T
FEBG, TR ARl Aok 50R Tk i
1.5 HiEALE

i Ml Excel 2010 Hff22181, 1 SPSS15.0 4t 70 Hr
BAFHAT )T 220 i b 2 E LA

2 GER5HH

2.1 AREMBLIETFEMEEMHRT L

2012—2013 4EFE, TmE 2 & (S2) L5ie X} I &
AT, PwE 3 kAL, S3-4 feJRiEKELBIEOK,
B E T HAR 3 ANMEFE (P<<0.05) , W4 K (S4)
5834 - BERARE (P>0.05) , H o HHEERT
S2 AbEE (P<<0.05) (F£2) . W BN EKE,
INBBsE S, S3-1 Al S4 AbFRREE Y S2 R AR,
JoAd AL PR B KT S2 (P<<0.05) 5 AECRLELE TF4E
HEK M AL R CK. S2. S3-1 M1 S3-4 h & 7R
(P>0.05) , JFAEIAREK & NI 2 AN b B] S3-2 Fi S3-3,
FUREORE B EAG T S2 (P<<0.05) , ZEFEI G INEK (S4)
W BE IR BRI N B a3 Tt 3 Ak B A S3-1
TR S2 ZERAEE (P>0.05) , HABMHWE 3 YA
4 RAEFTRRE R E AT S2 (P<0.05) o AT ks
B OHD , {e)adEK eI mr b S3-3 F1 S3-4, I
HI BFmT S2 (P<<0.05) . nl UL, it )5k b
HHRT 3 TR R AOGRIEE dEmde =&, 7wt 3
LA S3-4 P i f5 i o

2013—2014 4E5%, 7T 3 KK, &8 AEH
HO(N2) BEdR M i, W 2 ORI 4 IREPE T B
S X P BB R (R 2) o AR B EAE R,
8 A B S e R I, AN SR R
HEIAR . E N1 ATN2 AR, 75 3 OR 4 R 5 %

SAEE (P>0.05) , {HEFE TR 2 )k (P<0.05) ;
FE N3 ARBER, BSOS P e B (R 2) .
CI/URE G (20 R 7 R 8L LT 1B Ly & A ARV Y - €5
PrEAAERNS A A, TR ARG RAR H ) A 5
L AT . ARPRIFEEES, SN2 i, TR
MR PR 25 T e 2 YRR (P<0.05) .
R2 TRHBGLBZNEF=EF=EHHK
Table 2 Grain yield and yield components of winter wheat for

different micro-sprinkling treatments
ity BRI TR FPRE WGR

FAhy Kb Spike Kernels Thousand  Grain =24
Year Treatment number/ per grain yield/  Harvest
(4~10°hm?)  spike  weight/g  (kghm?)  index

CK 831.0a 35.3a 32.9¢ 8626.5b  0.45¢

S2 823.5a 34.0a 32.3c 8658.0b  0.46bc

2012 S3-1 786.2ab 35.2a 33.1c 8424.8b  0.47ab
2(;3 S3-2 757.5b 32.5b 35.2b 8511.7b  0.46bc
4E $3-3 730.5b 32.0b 38.5a 8551.5b  0.49a
S3-4 736.5b 344a  368ab  90232a  0.48a

S4 768.1ab 34.6a 35.4b 9119.5a  0.46bc

S2N1 750.1a 342ab  47.3c 8010.2¢  0.46¢cd
S2N2 765.3a 31.3c  484bc  84453bc  0.47c
S2N3 750.5a 344ab  48.2bc  83854bc  0.47c

2013 S3N1 750.3a 343ab  49.1b 9060.3b  0.47c
2(; 4 S3N2 780.4a 32.6bc  49.2b 9600.1a  0.48bc
4 S3N3 765.2a 35.1a  503ab  9090.2b  0.47c
S4N1 735.2a 33.2b 492b  9525.2ab  0.48bc
S4N2 765.1a 29.6¢ 513a  98553a  0.51a
S4N3 765.3a 322bc  49.4b  9405.4ab  0.49b

Ee: ARNGFREORAEIN 0.05 KT EZEFEE; N
Note: Different letters indicate significant difference among treatments at 0.05
level; The same as below.

2.2 ARMEERN THAMEREHFEHMERES
EMNTL

SF T BEAARH T ARG 3L (leaf area index, LAD kit (&
2a) 5 FERAWE 2 Y3 AU A BT BN AR LAL
FEJC I LAT DA N2 AbFERR &, N1 5 N3 2[00 3 7 5
TERAME 3 KR 4 IREAFR, THAel] LAT B 2000
s TR GBS, BLN2 AbF g, FESRIN LAL 78 N1 Al
N2 2 G2 225 (P>0.05) , k& in&Ie &, LAI
WE R (P<0.05) o AT, N2 AbEE R R AR N
BRI S LAL fEAH B A4 E T, B TmEK
Bahn, JEACHAIER N LAT ¥ B 248w (P<<0.05) .
TENTACFER, S4 51 S3 FFAEI] LALAH LG S2 73 il $2 51 14.3%
1 5.0%, FER A IR 5 66.4%A1 26.3%; 7 N2 AbF R,
S4 F1 83 JFAe i LAI AHLE S2 43 Jill# 1 40.1%A1 35.5%,
WEIZIN > IR 46.9%F1 16.3%; {E N3 AbFE T, S4 Al
S3 JFAEHT LA AHLE S2 23l =1 22.0%H1 3.6%, R
Iy 45.8%F 18.1%, ZEA KA, N2 AbHE FHG NGk
MEVRE LAT 32 R 56 0 i o

MIFAEIT R 4825 atb SKEE (B 2b) , [AFE
TR, EUIE TSN N1 89003 N2 Mg 5 58 i
#m (P<0.05) , ZJafksmaie e, HaisE
TEFEAN (P>0.05) ; FFFAREMET, BEEMIX
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B, g SRR ER S (P<0.05) , N1 4A#E
NS4 F1 S3 Mg g AL S2 Al R 21.3%1 5.7%,
N2 Ab#EF S4 F1 S3 AHLL S2 43l $e i 12.2%F1 2.5%, N3
AbPER S4 AT S3 AHEL S2 43 il s 13.4%81 3.8%, AT L,
N1 A HE 38 ot BT A6 3 2 25 75 4 v 250 T 1
o MERIGHA, S2 ALFE NN AU R T B s
Mg AR (P<0.05) , S3 ARFE N8 g0 H ot et
MRS EILEE LN, S4 IR N3 HERaa g
BT N1 N2 (P<<0.05) , {H NI 5 N2 25 ARE
F (P>0.05) . & N1 FIl N2 AbF R iowt e S2 88
P S3, Mo A W ER A, PR I IO 4
RO BELEELW, N3 A TNt kA0 g
SRR T . LRA KRG, S4 ALERIT AL IAFNRE R ]
AR R AR IR . AT, KA A R R R
W T RELZ N 382 . 4ERE ST IR S I 2R 3R A AT
TAER

BT 168 Anthesis stage O # %% #iGrain filling stage
6

&~ wm

T FR 45 $0 Leaf area index
[\ w

S =

RN )
FFPF S &S S
Kb FH Treatment

a. AR AL

a. leaf area index

T4 Ratb S &
Chlorophyll a+b concentration/(mg-g™)

0
%”%\ o @%\ %“3@ @@ %“‘\\ %“‘0 %“@

&P
Kb P Treatment
b. M4k FRatb it
b. Chlorophyll a+b concentration
B2 2013 - 2014 4R R e 4 32 F I AL A4 ARt @
RIEHAMT TR F atb S EH LA
Fig.2 Population leaf area index and chlorophyll a+b
concentration of flag leaf at anthesis and grain filling stage in
different micro-sprinkling treatments in 2013-2014

2.3 AEMEERTEHATYIRIMNEBEMSEATL
MBI B APRRE (R 3) , AR IEL
T, MINAEACHE IR B E R SR Y E (P>0.05) ;
TEARI A E R, PR R B S AR ) a1 52
WA B ARl N1 AREE R BE I A BE 2 2 Pt e e AR
YifE, N2 F1 N3 ALEE NI I B e B e s e B )
w (P<0.05) , {H S3 Fl S4 2 [ =R AEE (P>0.05) .
I BT IR R A KRR (R 3) , 78 S2 Ab# T,
N2 5 N1 BT SR fe el e w25 22 5% (P>

0.05) , ke naEtH &, $o-FHET9 i L) 5
FREE, JHE-BCAR T I L B2 R (P<<0.05)
76 S3 AFEF, N AUIE ] & Be 2 RSO - T
Yl R S T - T R R L] (P<
0.05) , BAE)5 THR bl N2 5 N3 2 ) 22 AN i 3 (P
>0.05) 5 f& S4 WFEN, A A MG, HKT-IF
WY R S A e bl Se e R B, HLBL N2
W ERdR, EE TR SRE N3 B 5T NI (P<
0.05) , A5 N2 LWFZER (P>0.05) , AW, N2 4k
PR RERIE H . 7E N1 A N2 AR, $hnfost 5L,
FE T8 Jo T AR SR B A B v s, 4859 5o il
Ll A T N3 AR 39 0 foms o £ U e T
TH R R A L) W R R, fe e TR R R
Gy T LA S 2 vy, n] L AN Ams Ik B 3 R AR S
YA PR AR TG ) T TR LA, AT AR EFFRLE SR, $2
[T A I

3 2013—2014 FAERMBIALE T RIM B THIRFR RN 9 B
Table 3 Dry matter accumulation and distribution during different

growing periods under micro-sprinkling treatments in 2013-2014

-1 W-IHE AL s

Qb # Seedling-jointing  Jointing-anthesis Anthesis-maturity ‘mT(;talﬁ

Trea-  EppR Lebl  EMRE W ERR R

ment  Biomass/ Ratio/ Biomass/ Ratio/ Biomass/ Ratio/ (kg-hm™)
(kghm?) %  (kghm®) % (kghm?) %

S2N1 3681.9 18.5a  9297.0c 46.8b 6907.8de 34.7c 19886.7bc

S2N2 3681.9 18.9a  9343.2c 47.6b 6611.4ef 33.7¢c 19636.5¢
S2N3 3681.9 18.9a 95959bc 49.2a 6238.2f 32.0d 19516.0c
S3N1 3681.9 17.8b  9860.4b 47.6b 7184.8d 34.7c 20727.0b
S3N2 3681.9 17.2bc  9568.7bc  44.6c 8216.8bc 38.3b 21467.3ab
S3N3 3681.9 18.1ab  8780.6d 43.3d 7833.3c 38.6b 20295.7b
S4N1 3681.9 17.0c  9774.8b 45.1c 8231.5bc 38.0b 21688.2ab
S4N2 3681.9 15.6d 11158.7a 47.4b 8714.8ab 37.0b 23555.3a

S4N3 3681.9 169c  8893.7d 40.9¢ 9154.4a 42.1a 21730.0ab

2.4 TEMEENTKISFIRHTH

2 4 7[00, 2012—2013 4%, B4 10005 080
o, BFEKEM L EKIHFE R A T B, Hr S3-1
1S4 MhFR AL T S2 (P<<0.05) , THITE 3 YekbH
B 5 1E S E K LA ) 388 n - K T RE B R R FEK B
Bnias, b S3-4 A HAEKEY S2 LREER,
B REEw, #oK» R (water use effciency,
WUE) B3 & T S2 Figd . (P<<0.05) , S4 &kt
KEBFMT S2, m&Em T S2, Kt WUE #&& 7
15.8% (P<<0.05) . 2013—2014 4/, S2 4bF R 1
FAHE, BF/KE. FHKEFEE. WUE &AL
WBHEZES (P>0.05) ; S3 f1 S4 AbEE 34 N &IE &,
SRR K SR T K W RE R e s R R, DL
N2 AbFREG . {H WUE ARHR A JE 2 3% 2 5% (P>0.05) ,
AT, B EOAH [R B, 385 0 088 T S WUE 521 A
B MR E T, 805 & & nr 8232 e
WUE (P<0.05) (£ 4) .
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x4 FTRMBHER T BFEKERFIK D FABE
Table 4 Water consumption components and water use efficiency
in different micro-sprinkling treatments

K FIH
BARKE LHEREKE e K e
A4 _ﬁ¢ }% Total water  Soil water I;% .ﬂjfgi‘l Irrigation  Water use
Year r::lt_ consumption consumption 133;21?11 amount  efficiency
ET/mm AS/mm I/mm WUE/
(kgm™)
CK 457.3a 161.0a 161.3 150 1.9¢
2012 S2 450.7a 154.4a 161.3 150 1.9¢
_ S3-1 407.6b 111.3bc 161.3 150 2.1ab
2013 S3-2 423.8ab 127.5b 161.3 150 2.0b
i S3-3 436.1a 139.8ab 161.3 150 2.0b
S3-4 444.0a 147.7a 161.3 150 2.0b
S4 405.5b 109.2bc 161.3 150 2.2a
S2N1 435.5a 163.4a 137.1 150 1.8cd
S2N2 424.5a 152.4ab 137.1 150 1.9¢
2013 S2N3 427.6a 155.5ab 137.1 150 1.9¢
_ S3N1 399.6b 127.5¢ 137.1 150 2.2ab
2014 S3N2 424.7a 152.6ab 137.1 150 2.2ab
P S3N3 419.9a 147.8b 137.1 150 2.1b
S4N1 406.3ab 134.2¢ 137.1 150 2.3a
S4N2 427.1a 155.0ab 137.1 150 2.2ab
S4N3 408.8ab 136.7¢ 137.1 150 2.2ab

MBTBREACKE (R 5D, w2 T, 5 NI 4b
BHALE, N2 AP E AR T - eI eK e, B2
S T ITAEI- B JIIRE K e, N3 AbEERY BOFEK LEA] Y

N1 FHT: 005 3 IREAE T, N2 ACFHRRh -4 WIFEK b
BEFLT N1 (P<<0.05) , #C1EFEKLLH]S N1 AL,

N3 ALBEFFAERTFEK LU 2K T N1 (P<<0.05) , FF{E
Ja KL BT NL (P<<0.05) ; 95T 4 K, N2 4b
BRI IREK LU W2 T N1 (P<<0.05) , JH{k
JEREK I B T N1 (P<<0.05) , N3 AbFR&FBokEk
ELfl 55 N1 AHIT . mI UL, 05 2 VKA N2 AbBE . f30mE 3 YR
N3 AFLRIHHE 4 YR N2 AR G FE/K L )32 1 N1
AbFE (P<<0.05) o 7E N1 ACHER, 430wt 3 YR 4 AL T
TS 2 U, ERE-CTT TROK BB B R S (P<<0.05)

YT THAE IR K LU B3 R R (P<<0.05) , 1ot 4 IS
THEIA- AR K LU 2 3 (P<<0.05) 3 N2 &b T,
TS 3 VRN 2 RSB BORE /K EEBIATE,  A0ws 4 Yk -1
AEIAFE/K LU 8 2 FA0m% 2 Yk (P<<0.05) , JHEJEFEK
F A5 S 28 T TAM0iE 2 Y% (P<<0.05) ; N3 ALFE N, BEA 0w
UEIEIN, AT E RO LB Wb, B3
IR - IR ARE K LB i, HAR S RE/K Lh g 18
M. P, MHFEZEEHET, MWt 4 RALfE KB
WE T 2 Ko CEYRE, KO ARERLL S4 fE IS REKLE
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Table 5 Characteristics of water consumption at different growing periods under micro-sprinkling treatments in 2013-2014

FRA - 15553

ATI-TTAE]

TTAE -1

Trﬁ\t;ﬂem Sowing to jointing Jointing to anthesis Anthesis to maturity

CA/mm CD/(mm-d™") CP/% CA/mm CD/(mm-d™") CP/% CA/mm CD/(mm-d™) CP/%
S2N1 220.7 12 493de 63.3a 2.3a 14.2a 163.4¢ 4.1cd 36.5de
S2N2 220.7 12 50.6¢d 48.8¢c 1.8¢ 11.2b 166.8bc 4.2¢ 38.2¢
S2N3 220.7 12 50.2d 64.1a 2.4a 14.6a 154.7d 3.9d 35.2¢
S3N1 220.7 12 53.6a 45.1cd 1.7¢ 11.0b 145.6de 3.6¢ 35.4¢
S3N2 2207 12 50.6cd 57.0b 2.1b 13.1ab 158.9cd 4.0cd 36.4de
S3N3 2207 12 51.1c 41.1d 1.5¢ 9.5¢ 169.9bc 4.2¢ 39.4¢
S4N1 2207 12 52.8ab 21.9¢ 0.8d 5.2d 175.6b 4.4b 42.0b
S4N2 220.7 12 50.3d 18.3¢ 0.7d 42d 200.1a 5.0a 45.6a
S4N3 2207 12 52.5b 20.1e 0.7d 4.8d 180.0b 4.5b 42.8b

#: CA: #E/Ki# Water consumption amount; CD: #E7K3%)¥ Diurnal water consumption amount; CP: FE7K5 % %L Water consumption percentage.
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Fig.3 Soil water consumption in different soil layers from sowing to maturity in different micro-sprinkling treatments in 2013-2014
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Optimal irrigation frequency and nitrogen application rate improving
yield formation and water utilization in winter wheat under
micro-sprinkling condition

Zhang Yinghua!, Zhang Qi*, Xu Xuexin?, Li Jinpeng’, Wang Bin!, Zhou Shunli}, Liu Lijun?, Wang Zhimin**
(1. College of Agronomy, China Agricultural University, Beijing 100193, China;
2. Taian Fengyuan Irrigation Technology Limited Company, Taian 271039, China)

Abstract: Reducing the loss of irrigation water and increasing water use efficiency (WUE) are important problems needed to
be solved in current wheat production. Micro-irrigation can realize a small amount of irrigation for many times and the
integration of water and fertilizer. It has been applied in wheat production in recent years. However, the effect of
micro-sprinkling times and nitrogen application rate on yield formation and water utilization in winter wheat is poorly
understood. In this study, field experiments were conducted from October 2012 to June 2014 at the Wuqiao Experimental
Station of China Agricultural University in Cangzhou, Heibei Province (37°41' N, 116°37' E). In 2012-2013, micro-sprinkling
2 times (S2, 750 m*/hm’ irrigation water applied at jointing and anthesis, respectively), 3 times (S3-1, 450, 300 and 750
m’/hm? irrigation water applied at jointing, booting and anthesis, respectively; S3-2, 750, 450 and 300 m*/hm? irrigation water
applied jointing, anthesis and grain filling, respectively; S3-3, 600, 600 and 300 m*/hm’ irrigation water applied at jointing,
anthesis and grain filling, respectively; S3-4, 450, 750 and 300 m’/hm” irrigation water applied at jointing, anthesis and grain
filling, respectively), 4 times (S4, 450, 300, 450 and 300 m’/hm’ irrigation water applied at jointing, booting, anthesis and
grain filling, respectively), and flooding (CK, 750 m’/hm” irrigation water applied at jointing and anthesis, respectively) were
designed to preliminarily reveal the effect of micro-sprinkling frequency on grain yield and WUE in winter wheat and select
the optimal model for micro-sprinkling 3 times. Results showed that S2 had similar grain yield to CK; S3-3 and S3-4 with the
higher ratio of irrigation after anthesis increased thousand grain weight and harvest index and finally improved grain yield,
compared with S2; there was no significant difference (P>0.05) in grain yield between S4 and S3-4. So, S3-4 was the optimal
model for micro-sprinkling three times. In 2013-2014, 3 micro-sprinkling treatments including S2, S3 (that was S3-4 in
2012-2013) and S4 as well as 3 nitrogen treatments including N1 (45 kg/hm?), N2 (90 kg/hm?) and N3 (135 kg/hm?) were
designed to clarify the effect of water-nitrogen coupling on yield formation and water utilization in winter wheat. Result
showed that grain yield was higher in N2 than in N1 treatment under S3 condition; however, there was no significant
difference (P>0.05) in grain yield among nitrogen treatments under S2 and S4 conditions. The grain yield of S3 and S4 was
higher 13.1% to 18.9% than that of S2 under N1 and N2 conditions; however, there was no significant difference (P>0.05) in
grain yield among micro-sprinkling times under N3 condition. Nitrogen application rate had no significant effect (7>0.05) on
WUE under the same micro-sprinkling time; however, micro-sprinkling time had significant effect (P<0.05) on WUE under
the same nitrogen application rate, it in S3 and S4 was 10.5% to 27.8% higher than in S2, and the higher increase occurred in
S4. Increasing micro-sprinkling times improved the leaf area index at anthesis and late grain filling stage, delayed leaf
senescence, increased the dry matter accumulation after anthesis and thousand grains weight, and finally increased grain yield.
Increasing micro-sprinkling times reduced the total water consumption and the proportion of water consumption before
anthesis, but increased the proportion of water consumption after anthesis. Appropriately increasing nitrogen application rate
(N2) can further increase the dry matter accumulation and the proportion of water consumption after anthesis.
Comprehensively, 4 times of micro-sprinkling under the total irrigation rate of 1500 m*/hm® with suitable nitrogen fertilizer
rate of 90 kg/hm? in spring could realize high yield and high water use efficiency.

Keywords: irrigation; nitrogen fertilizers; crops; winter wheat; micro-sprinkling times; yield; water utilization
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