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Ur AT R A A e R ) B P 150m) BT, R0 n el S A 2 KU
T R B [ % [ Lk A5 TS T T X, ZAFEFE/S 14.5°C, 2K E 593.5 mm,
010 VT BRI 4 (e AR R OO AR AR KR 70%U£%$¥i’33
SRR EIEE, S R (R I A K1 774.8 mm( B4 20 cm E‘J7J<ﬁ7§7iﬂﬂ‘{ﬂﬂ%ﬁ)i
LINZ A PRIEKER 3 . RGP, I

H 46 /N2t i 5 4 F WUE 51 ,
EE%%???iig%fﬁpjiﬁ @Lﬁ%ﬁ‘% TOHREITRG 1 LTS, e AT
e ’ P, BT (0~30cm) HHURA RN 8.8 gke,

8 LIR30 4 o1 b 3 B A Ao 67 A ik
(SRR SRR T RHAD A 086 ghe, BER 674 ke, AR 111 melke,
R ANE AR . A WUE s A 62.8 mg/kg.0~100 em /2 IR /K A 26.00%
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Table 1 Irrigation quota and rainfall at different growth stages of winter wheat

mm
WA ~ET BH~RT s o . N
e BT BECRT g grmemm mmmst
. verwintering Revival to - . BB R
s pgid Sowing to L Jointing to Flowering to Total .
K2 Season Lo to jointing - . L Total rain
Treatment overwintering revival 02-26— flowering maturity irrigation amount
10-11—11-30 12-01—02-25 03.31 04-01—04-30  05-01—06-10 amount
Wo 9.7+70 26.5 3.8 15.2 36.5 70 91.7
2010—2011 w1 9.7+70 26.5 3.8 15.2+60 36.5 130 91.7
W2 9.7+70 26.5 3.8 152+ 60 36.5+ 60 190 91.7
wo 132.2+40 11.0 36.6 19.3 33 40 172.3
2011—2012 W1 132.2+40 11.0 36.6 19.3+50 33 90 1723
W2 132.2 +40 11.0 36.6 19.3+50 33+50 140 1723
e R R
1.2 RSt 5T 2010 4210 J 11 HA12011 4 10 [ 18 H#&F,

Mt 2009—2010 E A5 R, I 2010 4 #F&E 112.5 kg/hm®, 478E 20 cm, 35 2 4 A0
KONFEARANI IE R TFUE RS, Rk (N25-P8-K7 ) 750 kg/hm® , 4K 5 W) 368 i JR =
i DX [ DURAS R AEAR B AT AR 6 A/ N2 150 kg/hm®. T 2011 4F 6 3 10 H A1 2012 4 6 H 2
AR R (£ 2) , 2011—2012 FFAKZEX Hilosko o 50 X EEBL/KIE K, #EK 7000
BT AR EE 227 (ZM22) o IR MR, WK KRR . SN XAt
X BT, KahEX, BE 3 AGE: 1) R PR, 9 B2 VA S P ) B 38 5 2 Hb ) v
ANHEIK, KNSR A ARBEKAE (W0) 5 2)  H5Ede—E.

WATHIE— VoK (WD 5 JTHIREERIAA R 1.3 MEmMBSNERZE
—IK (W2) , BRREEKIREK UL 1 ' 1.3.1 HgEAKREHNE

JE R SR R EIX, 2010—2011 4F 6 AL A, S K ESR BRI e, AF 10 d KA
MNP ELE 3 K, ik 54 MR DIX . 2011— A HET3005E 0~100 em 200 HIgEG K E, &

2012 4F 7 ANdb R, RENMGHESR 3K, b 63 A 20 em 4 EWE, FEAKE RGREREET S B — K.
AINX . BB NX A 8.0my % 2.2 m, MHEHGE 1.3.2 MEM#KkE. KA KA B HAKRE
40 cm, 120 ecmo /N UY RS 1 m IR VA SR e PRI /NX P /N R K R FH K VAT 5
BRI, TR R ARSI 35 . &N o) TG /N AP, ANEG /N A2 A2 i ]
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WEE R o R R AN K, /N 2 A B B E AT A
BELRE, DRI AR ST AR RN S W,
MR T A E . idh, AN ARG M
KRR T 6 my BRI A KR /KA AT o
N BEKEANK, NBSREEEATHEIE 1 m, 20470
TERNTS, RIEFBKE A B AT R, T
KNZEREK R R P T RE T LU A4 R 3C
ETa=P+IH+AW

P, ETa AAEWIFEKE, mm; 32 AR 280G
PRI B POVBRKE, mm; [ OARER

H, mm; AW SN Byl B vE SN BOR T HEIEK
Al . g KR
W=0.1xrxvxh
b o KE, mm; RS KK,
%; v N RHREYTAE, gem®’s h T EHE,
em; 0.1 WHSHREL
FEARBREH PO AR RE=RAEE
B BRI FE K B4 A B A FE K < 100%:
HFEACREE A R A5 HFR KR =5 AF
B BORE K S/ E BB RS (mm/d) .
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Table 2 Information of winter wheat cultivars used in the experiment

A 4E ] A ik PR Bl
Generation Period Cultivars Characteristics Planting information
_ . N Ky . BVE. RS
2 1954—1962 PR 6028 (XN6028) FGAME, BB 307 77 ho
. N 60 FEARRLE I I BT A A X
— 3 FHACHE, X
3 1963—1972 F£=3 5 (FC3) g9k, R T AL e (6
4 1973—1980 ¥%+E 345 (AF3) G941, A 70 AEARZE 80 AEARH] wm = R ES 1 T S A
5 1981—1988 T4 3217 (BN3217) ATk, R 80 HEACLE Sl X M T AN 233 %77 hm?
7~8 1993 —2001 %3 18 (YM18) P, 90 4EARAETT G4 AP 143 75 hm?
9~10 2002— 9023 (ZM9023) AR, R 2002 F1 2003 4 3EFNTHAR AL 4 [H 5 —
10 2009— JA% 22 (ZM22) ik, P 2011 4E3A 5 45 P T AR 73.3 J7 hm?

1.3.3 FEAFEMREE

ZNZZWGRTG s AEREAREG/INX A FIE L 3 A
AAREEM 1 m® KEDT, TN BEORIHLBER I E48 [ 4R
WG CPEIEKEL Ny 8.0%) Fria, FH4rHm
RN =5 THEME 3 AMFET TP Ao
IS A, FIRNEREAS DX BEHLIER 10 £
FEM, AR, EBORL S KT IFER H BEATLER
FEME TR, A 3K, BULFHEAH .
1.3. 4 KoH A

AN T K R s R G

WUE=Y/ETa

X, WUE JK R, kgm’s ¥ kR
&, keg/hm’s ETa N/NZ24s/4 8 W M A FE/K &
m’/hm?.
1.4 BUESHh

R BHE I EXCEL2007 #E4T 4L 21, F)
DPS12.50 Zeit 7 #r A A TR 56 45 R 1 7 22 50 Bt
I B FE MR T (Duncan Hr &7 .

2 HRSSDM

2.1 FEFEKRZ/NERIPHIFEKERE
2.1.1 AR & EsAt S A K B LRI KH
HEWER

M 1 FIE 2 iTRAEH, ARZK AR EE AN
AR R EFE K R - KT R A — e I 2 5
R FEBA AR I B e P B T R AR a3k

7E WO, W1 Fl W2 b3 R, BH— MK LRIk
IKIAS S 280K 5.5% 4.5%F1 8.2%, - AMEKSE
MWK 2.9%. 2.2%F1 2.4%. PHANAEK RS FRh )
FEK B EAAA, BIREE REARREUPIE I, i
PRI RFEKEAIN N, LA W2>WI1>W0. B
EHHREKMIE I, LI KIS FER T, MK
K FE A B R FEKE 42.1% . 36.4% Al
28.7%, B KN 34.4%. 30.0%F1 26.8%.

& 1a W LAEH, 2010—2011 EKZE, Wo I
W1 F&/NEZRFFEKEZRAEE (P>0.05) , 20
T2 70, 90 FEARFN 2002 4 Sl FIFE /K FF - 350 /K3
FEAD T SR, W2 TR 20 tH2E 50 A1 70 SEAR
FhFE/K A L3I /KN FE S =T 80-90 AFAR SRR, H
ZREE (P<0.05) . 2011-2012 4KZE W0 F 20
T2 90 AFEACAT 2002 AF S FFEAKCRT I /K T AE 2 3
T 2007 AEAA (B 1b) 3 W1 ARBE 20 40 80 Al
90 AR SLFIFE/AK ALK FE S 50 SRR 2R
B3 (P<0.05) ; W2 4P 20 4 60 F1 90 4EAXH
FhFE/K SR L3 K T FE AR = T e SR WEST
B, BV BN, /N2 (FE K 238 i
e, FEAKSZ B R AIHE A BOR, ARSI FIRER I
HEARNEFEK S P RIAER ZE R R RA K
2.1.2 REIADNEEFNEHEKE. F#£KERHK
Fo B KT £ 7

K T A INFE SRR A B H AR SON, R
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Fig.1 Difference of water consumption of winter wheat cultivars under different water treatments (2010 - 2011)
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Fig.2 Difference of water consumption of winter wheat cultivars under different water treatments (2011 —2012)

ANTR) A /N2 b Bl R By BEFE /K B A H AR K 5
AEFAE, MBI, 20 4 50, 70
EARAT 2007 AF SRR BOFE AR H FEZK 5 R I N
W1, W2>W0, 80. 90 4EfCHI1 2002 4= AR I A
WI1>W0>W2, FEKBERBUSARIN N WO>WI,
W2; WO T 20 22 60 4E48RT 2002 FEF BEFE K &
I H FE/K R B2 5T 50,80 £EACHI 2007 4F fh A,
20 #4160, 70 AEALFI 2002 4F 1 S AP EE KB R 5L
HEFERM 2R B (P<0.05) ; W1 | 20 it
2070, 90 FEARFN 2002 4F b P (1 FE K B FIFE /KA 2R
Htk 50, 60 A1 80 FARAFIE 8.7%~22.1%H
8.7%~15.1%, HZERWEE; W2 41 50~70 5F
RN 2007 4 ShRIREAK R . H AE/K G RTRE KA 5

B A A S R 17.8% ~36.2%F1 18.7% ~
35.8%.

TEFF A 22 A, A/ N2 SRl BEAE K . H
FEAK R S RIFE KB RECH W2>W1>W0. WO
(1) 90 FEARAI 2002 4F b Fh B BEFE /K S FIFE /KA R
B e A PR 15.6% ~26.6% A1 9.9% ~
19.8%; W1 FA/NZSPFEK . HFEAK 8 EFIFE
KEER B E R AR R W2 K 90 RS FlokE K &
1 AE 7K 58 2 R0 FE 7K AR 38 BN de i o R BH 1 T B
Y 5 R EE 7K 5 D - 3B K 4y AR Ak 3 B A /NS R
BOFE K FUFE KA 2R B A I 22 5. EZK AT L
A A8 3 1 A /N 22 il o B R /K B RITRE KB R 2K
FEPT RIS T2 E T, 90 AR & LLRT 1
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A RIEAN AR BRI FOK Z I @S, nTREER  FEAKOR R Ry, R WA i Aol (16 3 1k AR P 4
Foss AR A R, 90 AL LUIGIIZ/NE i B Bobe/K S8 s R R Ak mT e e FK 20 AT
A ATLESRCT 2 BRI BB K . FEAKBE RO B AR PR

R3 FNERMHELEENRMFEKE. FKERBFMBARKENTESN (20112012 F)
Table 3 Variance analysis of parameters of Water consumption amount (CA), water consumption percentage (CP) and water
consumption per day (CD) of winter wheat cultivars with different water treatments (2011—2012)

F{H F value
ffibs BRI PR AR T BT Wi TF AR
Index Source of variation Seeding to Over-wintering to Revival to Jointing to Flowering to
overwintering revival jointing flowering maturity
X411 B 0.56 1.09 0.51 0.13 0.76
CA H C 33.61% 0.57 272+ 8.79%* 16.64%*
Water consumption , o x . " -
amount/mm Ko W 4226 6.95 23.94 32.98 698.26
IKFx bl WxC 12.00%* 5.34%* 2.18* 14.88** 4.67%*
X4 B 3.02 0.63 0.19 0.51 0.08
e e 3.06* 133 3.40%* 11.96%* 15.36%*
Water consumption o o o -
percentage/% Koy W 31.55 20.93 2.48 119.27 332.00
K< WxC 7.73%* 5.48%* 2.49* 14.78%* 5.35%*
X 41a B 0.56 1.09 0.51 0.13 0.76
- W C 33.61%* 0.57 2.72% 8.79%+ 16.64%
Water consumption N - o o . -
per day/mm Ko W 42.26 6.95 23.94 32.98 698.26
IKA >l WxC 12.00%* 5.34%% 2.18* 14.88** 4.67%*

Vi b ] S% BB KT Ik B 1% B KT

Note:* indicate significant different (p<0.05); ** indicate significant different (p<0.01), B-Block, C-Cultivars. W-water treatments, WxC-Cultivars xwater treatments.

2.3 ARIFRKENEEMEERMBBEEZENESR AR B AT RIS AR IR I Sk, (L
KONFERERIPERIN 3 MR Z R B AR RSP = RS R, TR ER A B I A

B FHRERECRI TR, R 4 24 NERPIHEARFEK SRR BRSO EORI TR Fs b 3 (F

S IR ERE, &N pAa i Ri#=3.23, 6.34; F TRiH=3.55, 46.6; P<<0.01) .

F4 20102012 FERKEFERRERENERMHI S U EE

Table 4 Yield component of winter wheat cultivars in different eras under different treatments in 2010 —2012

EiEL7N K yosail Tk 6028  Frm3H EE3E HA32T O BF I8 HF 9023 JiZ 22
Index Growing secason  Treatment  XN6028 FC3 AF3 BN3217 YMI8 7ZM9023 ZM22
W) 291*B¢ 4984 42044 395%AB 207°¢ 384%AB
2010—2011 w1 323*C 51644 448*AB 389*BC 360*5C 51344
R w2 383%A 500+ 379%A 448 421+ 4634
Spikes square WO 376°48C  401°® 451°4 299°C 3218 470" 380"BC
2011—2012 w1 313°P 5544 44558¢ 361> 4558 408*BC 375BCP
w2 448> 521%ABC 57648 5934 455%¢ 496™5¢ 453*¢
) 4204 25%B 31*8 298 3754 30*8
2010—2011 Wl 4454 28%P 37%8¢ 31%¢P 388 29*P
*@»*ﬁ%{ W2 4 1 aB 3 ] aD 49a,A 34a,CD 383,BC 323,D
Seed I:;Ete)er per WO 4357 348 3458 41%AB 40°AB 275C 370 AB
2011—2012 Wl 5804 27°P 4248 438 340C 34%¢ 448
w2 5004 31%¢ 31%¢ 28>C 4148 35%¢ 41%¢
W) 28.97"F 36.80"C 33.42%P 38.52%¢ 43,128 48.08%4
2010—2011 Wl 27.43,%F 38.07%¢ 32.18%P 36.70°¢ 41.87"8 46.264
TR w2 31.20% 39.87%C 31.54°E 359150 44.09%F 48.49%
Th°$:§i§;mel WO 2840°C 30820 32787 3008"F  4396'C  4730°%  4404°°
2011—2012 Wl 27.20%6 40.49°P 32.26°F 34.72°F 43.87%C 49.14a* 44.45°B
w2 28.30%C 42.28a° 35.50*F 36.80%F 43.60C 46.72* 45.65"8

TE: WO UAREK; W1 DGR TTIE K W2 R AR R NS P REOR I — MR FUR 22 T 257K 5% RE A KSR A F S b e
[ —7K 53 Ab B Z2 535 5% R F K. Rl

Note: WO is no irrigation; W1 is irrigation at jointing stage; W2 is irrigation at jointing and milky stage. Different normal letters indicate significant different of water
treatment in same wheat (p<0.05); Different capital letters indicate significant different of wheat cultivars under same water treatment (»<0.05). The same below.

WAEA K ZRAE WO, W1 F W2 bR, &N 8.3%~80.7% 1 3.1%~65.1%. 2&/NFE 5T (1 Biper
SR TR E ZE S R, 20 HHAE 90 AEAR KL LU A THIRREEG L ROk BRI T a7 F X6 AN [7] 7K 43 A B g [ A
THRIE L 80 AT LART P& 10.4%~66.6%- ZE5t, FE WO ALEETR = 5 Rl PR 25 35 S AR R
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70 AFAR K LA IR 26 /N2 it P e~ 1- J7 K R ASORI
FLHORO 82 8 v e e AH R R A &, 30 St R
FEES T IR R, BB RIS 90 ALK
YETEURTY s i A IR T R T A =g |
MRS R o WEK AL — VG Hl A 88 In 24 N 22 7y
BE, BOTWIKI> T BE D T AR, EREEA]
o PRAEAE R TR A /NG il P RORL BT AN ) AR
e, BREREIAE I —BUEAh, BOREE e e
HIK 73 46 AF R E o 60 FEARTN 80 AN TR EL AEF 1Y
WIFIRER a8, R e R K 3 Bk
A DU BET49) 5 [ R R A B 184 0 TR R
2.4 FREIFERZNEZGRIFFRIE YIRS EHY
ER

HI3 5 AT LAt B2 /N A2 i ol 5 K L™
M R IE I, /N AE S FRPRL AR AN ] K
G NEANTR] o BEAE HEAK RBUR RGN, 2 /N il T
HRIN W2>WI1>WO0, SEFRIZK S ARG R
FEEREIEE (Fiws234, P<0.05) . ) WO |

W2 b, A NG SRR BRR A A AR K
ZEIOTN 26.3% 1 15.4%, 7655 —AFEA KR8 14.8%
1 16.1%0 PN ERKZRA/NHFRL = B0 AL 5 R4
£ WO Rk, 20514 14.0%F1 6.9%. 2010—2011
K, KN PR 50 SRR 4 069 kg/hm® 1
#) 2002 £E1£) 6 443 kg/hm®, “FIH 1 58.4%, P14
BRI 396 kg/hm?e 2011—2012 2B K7, 4
ANFE PR 50 AEARIR 5206 kg/hm” 39 N5 2007 4F
ff) 7381 kg/hm?, “F-IIHIHN 41.8%, “FIIEER
#4362 kg/hm®. 7E WO, W1 il W2 % /E K=
90 AR L LA SR P- AR R 243 ) L 50-80 4FAY
N 13.6%~33.6% 14.9%~42.7%H1 21.8% ~
35.0%. AR 45 AT e AR B L, A
F M BP R P BN B N 2R B,
R I O e A= 7 JUTRRE /K i (R 00 /N 2 2% 3ok 3 A i
KT RESITIR), RN P~ AR 45 T B 00 HE L )
& AT I T, Ry B KR f (3G N 2558
FEfl

£S5 2010—2012 EKEFRERL/NERFIA WUE

Table 5 WUE of winter wheat cultivars in different eras under different treatments in 2010—2012

ERISS

izl Growing AhEE ik 6028  Fpr3 5 B®BE3S HA 3217 %3 18 HF 9023 JiZz 22
Index reason Treatment ~ XN6028 FC3 AF3 BN3217 YMI8 7ZM9023 ZM22

WO 3511°8¢ 448418 4368>8 444818 3228%¢ 53744

2010—2011 Wi 38560 54480BC 5262%BC 4478%CP 5737°8 6863

FAL™ H w2 4839%C 600648 5805%BC 5417%BC 698354 709244
Grain yield b.E ¢.BCD b.CDE b.DE ¢.BC ¢AB C.A

J(kg-hm) ) 4466" 5255¢ 5068™ 4719" 5640 5896 6369

2011—2012 Wi 4860>C 60348 6002*8 5310°¢ 6708>* 6787°* 73064
W2 62938 6710™8 62478 60532 8091™* 795744 8468™"

WO 0278 0.25*8 0.22*8 0.36™* 0.29%AB 0.35%4

2010—2011 Wil 0.21°8 0.26*8 0.26*8 0.35%4 0.33%4 0.37*4

WAk 5 w2 0.33%4P 0.30*" 0.26*® 0.37*4 0.39** 0.38**
HI WO 0.34>ABC 0.31*¢ 0.33*B¢ 0.34™ABC 0.35™AB 0.33%85¢ 0.37*4
2011—2012 Wi 0.30"5¢ 0.30*5¢ 0.34>AB 0.31*B¢ 0.34>AB 0.35%4 0.36™*
w2 0.31%P 0.33*BC 0.36™4B¢ 0.33*BCP 0.36™4B¢ 0.37*AB 0.39*4

W0 1.24*¢ 1.59%48 1.41%8¢ 1.68*48 1.09°¢ 1.80**

e 2010—2011 Wi 1.12*¢ 1.64*48 1.44*8¢ 1.23%¢ 1.57°48 1.82%4

e W2 1.09*" 1.58%P¢ 1.34%P 1.43%5¢ 1.92% 1724
WUE W0 1.42*¢ 1.63*8 1.58%8¢ 1.44*¢ 1.69*8 1.75*8 2.04%4
fkgm) 2011—2012 wi 1.35%0 1.6288¢ 1.59%C 1.39%P 1.765¢ 1.80%A8 1.95%
w2 1.47*8 1.51*8 1.52*8 1.42*8 1.86*4 1.88%4 1.99%4
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index) BRI IR, AFER R FRRR LT
2R, H—4KZE, HI 50 F£40H) 0.27 39m 3|
0.37, P33 37.0%, BRI 0.02. 7£ WO,
W1 Fl W2 4bBEF, 2002 45 FE HI 23504 0.35.
0.37 F10.38, Lt 50 “FAREFHEE 0 21.0%. 70.7%F
15.4%, b 60—70 FARAFIHG N 50.0% 45.9%F
36.8%. 5 AKZE, HI H 50 4EACH 0.32 9%
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Abstract: Winter wheat (Triticum aestivum L.) is the main cereal crop grown in the arid and semi-arid regions of the
world. Average yields of winter wheat in many countries have increased by 40% over the past five decades due to
the development of new cultivars, improvements of crop management practices and changes of favorable climate.
However, water shortage is becoming an important factor limiting sustainable winter wheat production in many
parts of the world. The greatest challenge for the winter wheat producers is to produce more wheat grain from
limited water, and an available way to face the challenge is to improve winter wheat water productivity. Winter
wheat water productivity had been significantly improved in the last 25 years, but there is still a big room for
improving further. Selecting cultivars with more efficient water use is a key means to reduce water consumption in
winter wheat production in the water-scarce regions. A field experiment was carried out during 2010 to 2011 and
2011 to 2012 growing seasons of winter wheat to clarify the variations in water consumption, grain yield, and water
use efficiency (WUE), and their responses to water stress during the process of cultivar replacement in past decades.
Seven cultivars of winter wheat released from 1950s to the current, in which each cultivar was once widely planted
in north central Henan province during a certain decade, were taken as experimental materials. At the mean time,
three irrigation regimes were designed including no irrigation after turning green (WO0), irrigation applied only once
at jointing (W1), and irrigation applied at jointing, and at filling, respectively (W2), to investigate dynamics of water
consumption characteristics, yield components, harvest index, and WUE of winter wheat. Results showed that
precipitation and timing of irrigation significantly impacted total water consumption and soil water extraction of
winter wheat while different planting decades had insignificant effect on them. 1000-kernel weight during 1990s to
the current kept more than 41 g, significantly higher than that during the earlier planting decades. During the 2010 to
2011 and 2011 to 2012 growing seasons, grain yields of winter wheat were increased by 396 and 362 kg/hm2, or
58.4 % and 41.8 % higher than the average yield across 1950s to the present, respectively; similarly, harvest indices
were increased by 37.0 % and 18.0 %, an increase of 0.2 and 0.1 from the previous average indices; WUE was
increased by 55.3 % and 40.8 %, an increase of 0.11 and 0.10 kg/m3, respectively. Improvement of grain yield is
mainly attributable to the improved source to sink relationship, boosted 1000-kernel weight, and increased harvest
index. Grain yield and WUE are significantly influenced by cultivar X soil water interaction, and can be
significantly improved by supplemental irrigation applied at jointing and at filling stages of winter wheat.

Key words: irrigation, soils, moisture, winter wheat, agronomic trait, water consumption characteristic, grain
yield, water use efficiency
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