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Abstract: To clarify water consumption characteristics and optimal irrigation strategies for late-sowing winter wheat in
seriously water-deficit North China Plain, five spring irrigation treatments, i. e. , WO (no irrigation) , W1 (irrigation at
jointing stage) , W2 (irrigation at jointing and anthesis) , W3 (irrigation at double ridge, booting and anthesis) , and W4
(irrigation at double ridge, booting, anthesis and filling stage) , were applied in 2005-06 and 2006-07 to investigate the
characteristics of water use and yield formation of late-sowing winter wheat under different spring irrigation treatments. The
results showed that total water consumption ( TWC) increased 230 m’/hm’, and soil water consumption (SWC) decreased
440 m’/hm’ with each additional irrigation (750m’/hm’) under the conditions of late-sowing and no winter irrigation. The
water consumption rate was low from sowing to jointing, and restriction of irrigation during this stage reduced TWC
significantly. When the first spring irrigation was postponed to jointing stage, the contribution of SWC to TWC was increased
to 50% . Only one jointing irrigation before anthesis satisfied basic water requirement of wheat from jointing to anthesis, had

no significantly different sink capacity compared with two irrigations ( double ridge and booting) before anthesis, and
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improved ratio of total grain number to total leaf area significantly due to reduced leaf area at anthesis. Under late- and
dense-sowing conditions, ear density was the main factor contributing to population sink capacity. With adequate sink
capacity, irrigation at grain-filling led to less remobilization of carbohydrates accumulated before anthesis to grains, whereas
restriction of irrigation after anthesis could significantly increase remobilization of carbohydrates accumulated before anthesis
to grains and their contributions to grain filling. High sink/source ratio enhanced the feedback effect of sink to source,
improved dry matter productivity per unit leaf area after anthesis significantly, and compensated for the adverse effect of
water stress after anthesis on leaf photosynthesis. The two-year results showed that spring irrigations applied at jointing and
anthesis stages could achieve high grain yield and high water use efficiency simultaneously for late- and dense- sowing winter

wheat.

Key Words: winter wheat; irrigation strategies; water consumption characteristics; source; sink
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BT 2005-06,2006-07 AE7E A Ak K27 REF T 0l #6171 5 S B RORS  +, b ) b S5

b H R 7K A7 9m, 2005-06 A F HIFLFEFE 109. Smm,2006-07 4EHLFERT 129. Omm, [ R4 46 L& 1,
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A7 2005-06 A K, NEERA S 2005 £ 10 A 17 _ —t— 2006-07 R i it cumulate rainfall
H R (A AR 10 A5 B ~10 £ [
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Fig. 1  Rainfall distribution during winter wheat growing seasons in

%£)30m’/hm’ , B R — %% 300kg/hm’ , JR & 225kg/hm’, 2005.07

K,S0,225kg/hm’ , ZnS0,22. Skg/hm?® , ¥ 1 Ji JE — ¥k o
A, FEZEAFHEE,
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2006-07 A= KZx, NFEREHIH 2006 4£10 A 21 B, AW 8.2 x 10°/hm® , B4 H-#% 4. 3,2007 4£6 A 10 H
Wik . 7E 2005-06 A=K Zx 1R g 2 A b, 38 in T F R0 3 K (W3 & 58 + 22588 + FFIE) A, K
B E] D26 1, HoAAI AL HEF] 2005-06 K, KB HKRIE, M EA 750m’/hm’ , 5K 5 F#0 5
# 20,403 3 REXR ,/NXEF 60m” , JiAL /K- [F] 2005-06 K Z,

F1 FEI#EKLERER A E(2005-07)
Table 1 Irrigation time in various treatments

I &) Time Kb PH Treatments #LE 7K Raising WA 7K Jointing Zuf#7K Booting FFAE/K Anthesis WS 7K Milking

2006-07 W4 23/3 - 23/4 11/5 22/5
W3 23/3 - 23/4 11/5 -
W2 - 1074 - 11/5 -
w1 - 10/4 - - -
wo - - - - -

2005-06 W4 27/3 - 22/4 9/5 21/5
w2 - 13/4 - 9/5 -
w1 - 13/4 - - -
WO - - — — -

1.3 WEANRSFE
1.3.1 H3EEEUEENE

HENELETIBI, L 20em Jp— 2R M FENE 2m RN HIEEKE , RALHK S EERITE
BOK KRB (ET) .
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K, SWD Jp B KRR, P TR, 1 N E D )G L 8K TR R, %1%
SEMFE K B, D = of ,a NP R, 0K+ BB IRHEK B > 700m’/hm® B, BLO. 1, 43R o B
0.1; Wg AEZH T /KA FHE, 4b F/KAAKT 4m LAUTEF, Wg 7] LAZBS, R Jp b RAZ I, A58 #b b 7K A2
Om, H TCHLRAZ L, We Tl R 7] 20 o

TR AV TR WUE =2k

st Yi BTG ok ok i PR R Ok 4 2
. _ (Yi-Yd)

2 pulay s U ME = pr " ETdy

XA, Yd T ETd JofEBEE D 0 57 BKP A L8Ok 28 BB &
1.3.2 FERGEE
TIFIEH , N K /N X ZEHL 2em x 50em SLRYRE B EE, 12 HEAS R (07 5R P B 28 28006 90 5 % - T AR
IINZE FREA , AR /N X BN 2em x S0em SLTYARE BE AT A% B, TR ORI U (L5 R B EL AL
HME) .
HREAXWT
BB OB/ em®) = B+ b TETAR b B 25 SOREY FF A ] - b TR AR b T A
RLE M LY (mg/em®) = B 3 TETAR b A5 SIOR T/ FF AL AR 7] st T AR b S T AR
1.3.3 TYRRRKFEizNE
FAIEEAT N, NEAT/NX B 2em x S0cm HLAIRE BAE R, 70 o (2586 B 3 R4, 105 C R/ F
30min, 70°CHTHIEE, FRIE &, MR TYRFRRE . /NE RS, Ng/NX IR 3m” SR A7, Sk,
B, BORLIN ™ o 40T 28 S AR AT I oA R 5 32 0 T 0 7 B TR R -
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FRAERIBY B R (%) = CEFRGBE R TYE - A TYE) /F S TYE x100
FAERIN Y L STk E (% ) = CEFREF BRI TYE - ARSI TYWE) /hE x 100
1.3.4 FoRGEH0Hr

RI R F SPSS13. 0 1 Excel2003 #4748 1140 #7 o
2 ZR55H
2.1 KoFIFEGSHT
2.1.1 AFEFEBBA A/ NEFEK I S 30

2 HE/NFEETIFEKABIOK R RRE . X545 1R, BEHE B R FOMAE B & A3, & /NE B
FKEEWIESE . FHSPRI, L&/NEBFKE(y) SHEBRE (2) 2IEMEXRKR (y =0.3067x +4391.3,
R*=0.975""),

K /NFEREKE B REK JEBE KR LK 3 FR A, BRI R I, B KRB 2 , MK BB K, B #E
KBRS e RE K U B AR R R AR T NE SRR S E SRR
BIEMX(r=0.975"") , 5 HBKEFERE AR (r = -0.9437 ), FEBK R LUK MIEFEIR 2 AR R R
(r=-0.993""),L4 WO X} iR, W4 W3 W2 W1 LbBE + 5K A0 51/ 43.9% 41.0% \23.8% F19.6% ,
B EE A HR y =3101.3 -0.5933x 8, 31 750m*/hm’® [REWEIK , 293/ 440m’® /hm® )+ 38K 6

MEEBTUBFEAKRE (K 2) , EMBIBFMT , BARTH BB/, 1B 28 A W AR ZE I BB, #8K
FERMEREEL, MBFKER D, X MEHARFE KRN S 2EFTHIMS8.9% ~10.6% , AZ-EHSRK, -
IR RFKRFEK M EEZI A, I B K B A TORFEAK, A i &L T HAFEKI 12.5% ~14.8% , 2 5 4
K BRI T S B - PR B B K S IE R ( R EERFEKIERE) R, WA (W3 AbBTEREFP-3R T B B SR K &
BH BN 241, 3m’/hm® . KIT-FFEG BEFEK B, S AL 2 (7 22 7R B2, (A DUR Pk kb2 (WO ) 5
i, BRI K AL B (W1 W2 ) B FHeRE 5K + 28K A0 38 (W3 \W4) |, 3 15 B It B B FE /K 54 v 138K TR #E
EE A K, FE4RCTS R4 1 VEE TR ) 6 A b, 3T S0 SR R P R AL A W W R AR T AR NE A K R B MFEK T
B, [RIE Sk T K S B A KRB . FFAE- A B o BOFE /K B BT K B 3G T 3G b, W2, W3 W4 fb 3
ZIEERALE A EEST W1, W0 43,

R2 FEAIEFKRHHR(2006-07)

Table 2 The water consumption and their compositions in various treatments

FE/K LR WSC
A3 KK ET HEWEK K7k K
Treatments (m®/hm?) I (%) P (%) SWU (%)
(m®/hm?) (m®/hm?) (m®/hm?)
W4 5154.0a 2400 41.9 1290.0 25.0 1704.0c 33.1
w3 4962. 1a 2100 38.1 1290.0 26.0 1782.1c¢ 35.9
w2 4820.6b 1350 25.2 1290.0 26.8 2315.5b 48.0
W1 4714.2b 750 14.3 1290.0 27.4 2749.2ab 58.3
W0 4330.0c 0 0 1290.0 30.0 3040.0a 70.0
Sk BrEFEK GPC (m’/hm®)
1t e R K- R eIk TR
Treatments 3 2 Sowing-Over Over wintering Raising Jointing stage Anthesis
(m’/hm*) e . - . .
wintering -Raising -Jointing stage -anthesis -maturity
W4 5154.0a 458.7a 642.9a 925.1a 1282.7a 1844. 6a
w3 4962. 1a 458.7a 642.9a 925.1a 1282.7a 1652.7a
w2 4820.6b 458.7a 642.9a 683.8b 1386.9a 1648.3a
W1 4714.2b 458.7a 642.9a 683.8b 1386.9a 1541.9b
Wo 4330.0c¢ 458.7a 642.9a 683.8b 1428.9a 1115.6¢

ET, evapotranspiration; WSC, water resource composition; GPC, growth period composition; /, irrigation; P, precipitation; SWU, soil water use
RPRENG FRFRR 5% KFEHERBEY, TR Tables with the same small letter are not significant at 5% level respectively, the

same below
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2.1.2 R[] AR N KR 5 iR

178 2 AT, FEVE K B30, 2m AR A EHOKIHFER B3 T R, RPVE S RS R 3R K s #E.
BoKHHEESSEFTHEAKEN LG, W4, W3, W2, W1, WO &b 3451 33. 1% .35. 9% . 48. 1% .
58.3% . 70% .

MARIA: BB 50K & Bk E (B 2) 3117 8 SRR AT R, S 0 ~ 100em £ 2 E/KEXT
R, LA W2 W1 WO AbHE FREIR AR, W3, W4 KhBE T FEIR BEA /N ; & 4028 100em DAF + 2 M-S 7K B IGH
BAR . YLK TTRT/NE FEIHFE 0 ~ 100em /27K 43, M1 AT I S FEAR LR HIB K R . BT 1
B, S0 LR UK S BARSE TR, W3, W4 Lb3RFEKZRIES] 120 ~ 140em, W2 W1, WO ZbIEFEKJZ KB
F 160 ~180cm, MM, KIS T EE/KEY TR, JLH W2 W1 W0 403 140em DLTF L2 EKE T
B, SEFHHESKENTL, ERHEKERD HEEKEBE FZ(AEETE) LS KE
T R B AR R

T8k B Soil water content (%)
00 5 10 15 20 25 30 00 5 10 15 20 25 30 0 5 10 15 20 25 30
0

20 - 20 20

40 40 40

60 — 60 60 —

80 - 80 80 -

100 100 100 -

120 - 120 120

140 - 140 140

160 - 160 160

180 180 180 -

w4

200 - 200 200 -

0 5 10 15 20 25 30
0

N B R E— 0

20 20

40 | 40

60 |- 60

80 - 80

100 100
120 - 120
140 — 140
160 |- 160
180 - 180
200 L wi 200

B2 REBS 2m )2 35K 505 5 (2006-07)
Fig. 2 The soil water content in 2m soil layer during different growth stages(2006-07)

+:J2 Soil layer (cm)

== $%Hii Before sowing
== #&#Hh Jointing
== FF4E Anthesis
=O= & Maturity

W K R R 25 1 55 H ) (2 3) HUrT R th, T2 0K P o 08 MR B0 L (2 B Rk
25, BEHK RS, TR K S LR
2.1.3 KRB R R R

FAERIRB I (2 4) | WAL , PG /KRB, 7 B 2 — 50 PR P A 2 8, (L W2 b
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(PR + THAEK) MTEBAR - Bk P iR o HEH T KIE N, 2K 50 R HBCR (WUE ) A 57 B2k
REFARL, Ll W2 LRBR (ST K + TFIEK) B WUE i, (HEL W4 4b 3 WUE Befik. FZ0 KK %
PRASNL (ME) AR 1 7K (W) B 2 7K (W2) N o

®3 TREEAGETFKERERHS(2006-07)

Table 3 The water consumption and distribution in various treatments

i3l 2m ik BFEKE % )2 #E R (m®/hm? ) Water consumption of each soil layer

Treatments SWU(m*/hm®) 0 ~40cm (%) 40~80cm (%) 80~120cm (%) 120 ~160cm (%) 160 ~200cm %
W4 1704. 0c 546.6  32.1 506.0  29.7  477.3 27.8 174.4 10.2 3.8 0.2
W3 1782.1¢ 783.4  44.0  507.5 28.5 190.8 10.7 285.9 16.0 14.4 0.8
w2 2315.5b 776.4  33.5 589.8  25.5 454.2 19.6  433.3 18.7 61.8 2.7
w1 2749.2ab 894.8 32.5 506.6 18.4  654.4  23.8 568.4  20.7 124.9 4.5
w0 3040.0a 854.5 28.1 750.2  24.7  599.5 19.7 658.2  21.7 171.7 5.8

F4 TERIEKSFI R FHE(2005-07)

Table 4 The characteristics of water use in different treatments

1] Time Lt FPRL= B BFEK V&S IK G BRI
Treatments Grain Yield ( kg/hm?) ET(m®/hm?) WUE (kg/m®) ME (kg/m®)

2006-07 w4 8191.4a 5154.0a 1.59b 1.32¢
w3 8385.9a 4962. 1a 1.69a 2.03b
w2 8435.9a 4820. 5b 1.75a 2.72a
w1 7778.4b 4714.2b 1.65a 1.76b
W0 7101.2¢ 4330.0c 1.64a -

2005-06 w4 8402a 4899. 5a 1.71b 2.66¢
w2 8502a 4606.2b 1.85a 5.86b
w1 8393. 1a 4572.7b 1.84a 6.22a
w0 6889.2b 4331.1¢c 1.59¢ -

2.2 RIS
2.2.1 A[FIFEBA SRR B

PSRRI B (R 4) BB LENT BN BER THESIMEB(W0) L2 (A5 2 K
(W2) FHE3 k(W3) FHEA4 K(WA) Wb B ()= BT & 2= 5, H AR 2 /Kb Bl o UM, TEBR %
R BERIE AR R 2 K EREW /N R RA K TR, a8 SRR R T 7 B A o
2.2.1 AFFEBEAT PR B B

LA T AR S RLEAE N B R R A R 6 . AR IA (R S)  BEMEK B3N, TFEM & T YRR R &l
KRR R WK (DFHE 2 KSHHE 3 KB 4 KA LA B 2R RE BE K, 5, 7E 0 1%
W PREREBCRAF T, FAERTHE 2 7K (SR AITFAEIK ) AT B 2 v 7 AR P A U 2

AR R (R S) S INTFIERTHE K B SRR T 5 FeAs B 2 BC LB 3 T4 B & Fran B (E2
JEM) B BC LA, RIS T 78 S 30 Pk v T AR 8 BT R o R AR o B ) P/ R EL AL Aok I EE (R
P VRLEE R EE) WILL W2 b PR E g, W4 B W3 e fife XU, BAR SE K AL T (W4 W3 ) BEAE 3 i B (o7 - 3l [T AR
AR (R A T AR 0 S DA A, e 3 R TR AR AR TS A T 3 B AR R BB K S 4
PATHIEBE A AL B (W2) 0 AT ATEA R0 T8 507 - b T AR A 2 B P R I S 2 AR R A ThG AR, AT 6 i
TRPEIRLL , SRR AR AR AE =20
2.2.3 R[RIVEBAE N FEA W A 7 R

FERERETY) —ER ok B T IFE)E RS B MoLa =4 , —HR0 ok B I IERTE I a8 B WA IR A FL 4%
B, WREAR(K6) Bn , ARAEFEAEAXNLNEEFYEFH AT . FREBEBLR, G TR
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MRBEBR , BAEJG AL AR A = RE AL W2 b BB o B B 2K Bk, FE T I 580y o i) e
iz 8 iz LR R B STk A

=5 ERIEHEXERERHFNG(2006-07)
Table 5 The effects of irrigation schedules to sink capacity

. FEAEB Y R R (kg/hm? ) BB 1

%K - B ,iﬁl(ﬁ Dry matter accumulation at anthesis AN LAI Crain no. REE M

Ak 3 Spikes . Grain . -leaf area Grain weight

- 104 Grain no. Wei capacity BTE LAI ti leaf ti
reatments (X & eight (%107 s BN il hesi ratio -leaf area ratio

2 per spike X Total X at anthesis . 2 2
/hm*) (mg) in/bm?)  Bi Leafs  Stems  Spikes (grain/m (g/m? leaf)
gra iomass Jeaf )

12854.5 4073.9 6292.1 2488.5
W4 871.1a 29.1a 34.1c 25.8a (100)  (31.7) (48.9) (19.4) 7.5a 3437.9b 109.2¢

12854.5 4073.9 6292.1 2488.5
W3 880. 5a 28.2a 35.1b 24.8a (100) (31.7) (48.9) (19.4) 7.4a 3350.9b 113.2b

11524.2  3051.0 6129.2 2344.0
w2 895.8a 27.3a 36.3a 24.2a (100)  (26.5) (53.2) (20.3) 6.6b 3666.7a 127.8a

11525.4 3045.0 6095.6 2384.7
w1 888.3a 26.7b 33.5¢ 23.5b (100) (26.4) (52.9) (20.7) 6.6b 3560. 6a 117.9b

10179.3  2587.0 5497.0 2095.3
wo 854.8a 25.9¢ 35.8a 22.1c (100)  (25.4) (54.0) (20.6) 6.1c 3653.4a 117.2b

FEASR = BN T R x SRS S0REG S PRI N TYE G E 4 Sink capacity = Spikes X Grain no. per spike; Data in brackets are

relative proportion of dry matter

R 6 EIEHEXTERYEF KRN (2006-07)
Table 6 The effects of irrigation schedules to sink fill

TR FFAEHT 54 BT
P Dry matter accumulation ( kg/hm?) Reserve per-anthesis P RAE T )
e Grai pry= R Dry matter
rain & 5 ..
. - E roductivi
Treatments yield FFiE By JFiE ﬁk% Transportation Transfer iy @E$ P ty
2 ; i Anthesis Contribution after anthesis
(kg/hm*) Anthesis Maturity . amount percentage . 2 Jeaf
-maturity (ke/hn?) (%) proportion( % ) (g/m” leaf)
W4 8191.4 12854.5 19817.2 6562.7 1628.7 12.7d 22.9d 87.5a
W3 8385.9 12854.5 19118.8 6264.3 2121.6 16.5¢ 29.1¢ 84.5b
w2 8435.9 11524.2 17589.6 6065. 4 2370.5 20.6b 32.3b 89.5a
W1 7778.4 11525.4 16900. 3 5374.9 2403.5 20.9b 35.5b 84.9b
wo 7101.2 10179.3 14753.3 4574.0 2527.2 24.8a 40.9a 75.5¢

WEYIFEAEE T = e TY RN ZE/ A MR Dry matter productivity after anthesis = total dry matter accumulation after anthesis/total

leaf area at anthesis

2.3 FKESTEM WUE FIRFR

BEVE K B3N, K SRR A 7= 1 R —E R EURRE . AR AR ZE R ST R (B 3) , 4/
FFKE(ET) 5% (6Y) 2RI RBOC R, FEEFKEIG I, /NE=RWEEE N, Y SFEKEE
5400m’ /hm” Bt , /NFE P B iR B K AH , 2 8525kg/hm? , BHES + 7K 43k 8] T/NE T K B BIBR , 4k 38 v K , 7=
BACFAMEARSHK , R,

M 3 T LLE L FEKE (ET) 57K 4RI (WUE) R R BRI ZKILR LR . EFEKE
AR 7K 431 R R Bt 25 46 7K B B 38 I T 38 i, 24 #€ 7K B8 B 4700m’/hm? B, 7K 20 F F 3G R B B Bk, AN
1. Tkg/m’ | FE/K B 1E 4700m’/hm® DAG , 7K 20 FHRL R B2 RE7K B A8 fm s/ o
3 itig
3.1 WFRA/PNEKTIEFERE

K /NFEIE BT RE R T AR HT R A F I E], ARTRRR D A HT R, PR, AR TR e
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AT RN, 4 A TR A BT RRORE K o A 9000 -  y=-0.0012ET%+ 12.861ET-25967  — 1.80
Ksh R BT  R R R AT B AL 5 A B I A B R =09072%%,
(920 10% ,BEE KR/ R R B, BR R - P
A R A R 76. 1% , B BrkE K 5
ST PRI 39% , LB B B BEEK R 3R 15 1
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