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Effects of irrigation frequency and stages on grain yield and quality

characteristics of winter wheat
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Abstract; In North China, in order to obtain high and stable grain yield of winter wheat, irrigation should be applied
during its growing season. However, water resource is very shortage and irrigation water use efficiency is very low.
Therefore, irrigation frequency should be adopted in this region. In 2006 — 2008, an experiment was conducted at
Luancheng Experimental Station of CAS to study irrigation frequency on grain yield, water use efficiency (WUE) , protein
yield, wet gluten content, development time, and stability time of winter wheat under irrigation frequency by variety Kenong
“9204”. The results showed that irrigated at jointing, heading, and milking stages were in favor of increased grain yield,
dry matter accumulation, or 1000 kernel weight, respectively. The highest grain yield was obtained in case of the treatment
was irrigated 60 mm at jointing and heading stages, respectively. Irrigated two times during the growing stages of winter
wheat could increase protein yield; however, irrigation timing during the later part of the growing season of winter wheat
could decrease the protein yield. The results indicated that irrigation timing in the later part of the growing season and the
increase in the times of irrigation, wet gluten content, development time, and stability time were all significantly decreased.
On the basis of the experimental results, it is suggested that irrigation should be applied at jointing and heading stages of

winter wheat to obtain reasonable grain yield, WUE, and quality under irrigation frequency in North China.

Key Words:; irrigation; winter wheat ; grain yield; grain quality
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FEITL/NEETHIEFK R N R KRR 23 1, BERERE MG, —RAE R L
B b4 FEXEKEMEEESKEAMSRMERRNZER, 2RREH B/ NERMRRERBENE
BRHAZ—, AREE N FBEESHEFRKEEN/NE =R R REEROERZ —, 8% KRR
HHK S ESHEEARSRBENMEX, B/NERE= S KMEREAEK o i T SRR 2
KIS HERAR - WA X/NER A KM =& Z 18 8 P R TR E 0

INEERPRLTE B AR AR, VR () R i A i K ) o CFPRL) R I B RERRE I BRI =B EE R
1, B NERERE R IR R BB E A TR R, H I R R L s AR R R
BEEEMERACHMT KEFETY . AR ENAZ EERAMPERBERTERZNES
B, A IC R G FPRL AR 1 53.0% —80.5% . ARKAFMETHHKETYRMARNRRESHizEZRE, £
INHERI TR SCIF TR B ZERE N 120 kg hm 04T, &4 F BIE MR B K MRS K, FHERTE 28 B P
BRARMITRAEBRE R EARSERS . FIREESIE THEBEX/NER R R AEBHE KN, %
BN FPRLR R 1 67.47% —83.37% K HFF LRI E R B EHWIAR, s LK RE T REFAR A EFR
AE FPRLI RS . XSRS B 4K 43 RESZ IS A R R R 13E 5 LA SRR R s AP RL R, 23K
FERLEE FUR RSB S RAZERY . ROk /NE R AR KA EE Rt gL A
VEWEAT R X Bk LIS 5 R i A B /N2 7= i B P R e B % S T 7 P I R o LARGE . L, B
AT A 2R G0 H A TR 20 0 P9 39K A WP AR AR 19 5 BRI T SR A A M R ML o AR Sk S [R) B
IKIREAE KB, RGEIFFARIK 5544 T /NZ M TERT I 84 5 P32 5% e )5 R s S M L SN
FERR VBRI TR, DARE R A (R K SRR /N2 7 R SR S e, DA D 3R b b X T K R A%
PR /INZE = R AR R A T O SR R 4K 3R

1 #REFE
1.1 Hoeidie X o
BT 2006—2007 4= F01 2007—2008 41 A R Be SRR ML A 45 R G K v (37°53'N, 114°40'E ; ¥ig

50 m) AT o RIEALTF ARG AAT I L AT-F IR, 8 B IR KR PE TR SRR AR KR, B4
PRk & 480. 7 mm, Hrp 70% S 7E T—9 A FORAE KT SHAHRIK 10 A 6y ZH4F 6 A a4/
HERFAT, AP MK R AL 129. 8 mm STl RA TA&/NERK T E . TR IRBEE L, BHEA L
A B 1.2% , 2006—2007 4E4/INEE A T 39 18] (R 7K 48 140. 0 mm, 2007—2008 4E3k 276.2 mm, 13 1
iR

F1 RABRAEE AR/ mm
Table 1 Precipitation during the growing seasons of winter wheat in 2006—2007 and 2007—2008

H 4> Month
4E4y Year
10 11 12 1 2 3 4 5 6
2006—2007 0.6 17.1 3.9 0 1.4 52.1 16.7 48.2 0
2007—2008 1.3 86 2.8 1.4 0 0 40 61.9 82.8

1.2 At 5%HE

JINZE RV 24 B AR R 9204, AT KBTS R, TR E b7 & /N3 A 40 B R 120
mm, 7] SR A B KR FRCR AT . Hi, A SR R 2N 120 mm, LT 7
AEFE : T1, K FTHIHE 120 mm; T2, FHEEHAME 120 mm; T3, BESKIAVE 120 mm; T4, KT A AE I 40 60 mm;
TS, $ 7 FIHE IR HA - 60 mm ; T6 , Fh A AN HE 3K HA KW 60 mm; T7, 35777 B AE R B4 40 mm, 3 REE,
/NXTEF 16m* /NX R 1. 5m FRESHE R, AR K4+ . 2006 45701 2007 4E R4 FF A #1435 10 H 12
HA110 A 17 B, 43k B $14- 514 2007 466 A 11 HA12008 46 H 12 H, #EFhAT, ZHFRZE 300 kg-hm >, B
R —4% 300 kg-hm > BiERHP 225. 0 kg-hm > ;3K 151, B MR K 300 kg-hm >, 2007 4F , KA SR A K
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HmtE 433124 A7 .5 A1 AAIS H 17 H;2008 4E, 40514 H9 A 4 H29 AFS H21 B, #EEER,
IKF TG T HE K & .
1.3 WETH 53
1.3.1 T HESE
Sy BT IR BB A B 1S BREAZE AERR MBS 928 M (B R + SIS RURPRL, FREE TR,
105°C T 4% 30 min,80°CHt T Z{HE , #rTHE. 2 Papakosta fl Gagianas'" Wi+ 7k, HE Rz 5
S BRI AE S BE o
DMR = DM -DM* (1)
1, DMR (dry matter remobilization) T4 5% & ; DM Ji T 165 Hb_E 3040 T 90 & 5 DM ™ g g
WO 28 FE TR . %R R ISR AR R TR R
DMRE = (DMR/DM) x 100 (2)
X, DMRE S} TR B R 5
CDMRG = (DMR/GY) x100 (3)
1, CDMRG JyTH R EER SHEPRLI STk 3 5 CY Ikl .
1.3.2 KA & BRIK AR RN E
TEA/NE A, Rl CNCS03B BV B Y48 5—7 d WISE 1 Ko 4 10 em + 22— 2R, WUHH
1.8 m, FEFAREBERTE MM 1 %o 0—20 em 3K 2 & B L4 E M TR IE . RT3 9] BA K I
T, R R AT 2 AT, KA FIFIRCR (WUE) = ¥pRir= 2/ /K 8™ o #ak & hidk Fok & F a5 it
ET =P +1+AS 545, R . ET NA/NE LTI HFEKE (mm) , P g4 /N A4 5 A 6] i K & (mm) T g
VEWEE (mm) , 1 E KR BRI, AS HA/NEWER SIS KA B (mm) ,
1.3.3 SRR E
INE WG , AT RPRLR TAETE 1 A G 3T B RAL IR Mo B S5 Perten7200 3L AMMT U6 /N
FRPRLINEE & i K 3 T B TR R A FVRG IR 52 , /N2 UE T AR o Hh 28 ot o B AR L 38 0
JR BRI A0 (3R%) M, I A SEIR B AC IE , 25 SR RS A AT . RIBE AT AT 5 B
] o {2 U
#%3 5K FF1 4% [&] Brabender 4\ H] 4 = BUHLER J, 3% NY/T1094. 4- 2006 SE % %1 #5 5 7K 43 B 9 5 - 43 Fd
GB549—85 J7ElllsE ; Tk 28 11 & B i 52 SR P 28 E R H A A 0 SR 2 B LK 52 8Lk (AACC39—10)
S 5 W T A5 5 B2 F) W0 R SR P9 TG 4 4 B 3% T Uk Bk (GB/TS506—1985 ) #E47 i 5 ; T 1Hi A & & (% ) #% GB/
14607—93 /NS AT TG A WU 58 1 5 UM AL P o [ ol K2 A 7 1) BAU-A BRI A2 A%, K 4% AACCS6—61A
VEHEATIRE s W Y5 1 (s) JF) Perten [ 35 B X, 3% GB/T10361—1989 75 4y [ v 1 00 5 v M 5 o ¢ /5 8 I
Branbender /] 7 B3 S ASAORS R & , 4307420 T 0 T J e ) G it ] DR 2 B ) 7K R 6 Al B VP (L
TR P A2 B
1.4 AR
J SPSS13. 0 4R34 TSE M 80H , il Duncan’ s #4740 B8 8] 2% SR B (P =0. 05) , i Sigmaplot 2241
FF . FIERNIRIZ RS A — B, SR B WUE b, BB P WA 10 8 T
2 HREH
2.1 FEBRSTOR A IR A /N TR G R FHE B 1
T4 A B K YR BRI K 3R ], AR TR AE S5 /N R MR B S R A B (2R 1% ) IR R &
52 3R IR B AR SR, S I R i B B A DR I B X P BRI RS W B, K1 %
B, V88 AT R NS VR S 4 A B AR 7B 5 #th b 38 T B ( DM) ROk T 2588 B S TR
(DM ) 7B AL % —3, TL T4 TS #1 T7 BE® T T2.T3 fl T6, YK W MA F T TURNEEN
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T4 M TS M TYRFEB R EE S THARSLH, T T4 1T BREBBR S , YO T 5 i 25 kL
PR EBCT AR E A M TR B HEBHR . R — KA, TL M T2 BE RS TR xR
FIRRER, T T3 W B E PR TR R E  TY R R B TR, R/ NE R AT HE R
HEEHOK B AF T T YR HTE B

F1 ERSUKME AR NEF LR LSRN
Table 1 Effects of irrigation frequency and stages on assimilate transportation at maturity

Jb 3 Treatment DM/g DM* /g DMR/g DMRE/% CDMRG/%
Tl 1069.79* 807.55% 262.24% 24.51¢ 59.57*
T2 934, 40° 713.02¢ 221.38°¢ 23.694 58.20*
3 658.17¢ 510.09f 148.08¢ 22.50¢ 45,228%
T4 1031.98% 756.28" 275.70* 26.72% 55.49°
T5 1042. 66° 768.76" 273.90* 23,394 50.48°¢
T6 910. 69 687.63¢ 223.05°¢ 24.49¢ 47.314
T7 1004. 454 748. 03" 256. 42" 25.53" 57.45°

DM o B IF 165 3 b3R5 T ik s DM+ i i - (2508 | %7 46 ) i &k s DMR 8 T Bi5% 4t ; DMRE O T R I B3R
CDMRG T4 B AR I BTIRER 5 (1) AP EARA 15 BRIGTFHME; (2) a—f AR FEFIRTE 5% K P EEZRBH

2.2 FEBRISTUCHI RS /N PR B K B R R R

R 2 HEBATYCON A /NFENPRL B B R R RN . PIAEH 3L T4 B RO, B = T T1,
T2, T3 1 T7, 2006—2007 4, T4 FRAER =, (H5 T1. TS Fl T7 [6] BA L% 22 57 ;2007—2008 £F, TS FkL
Bk, (B0 T1. T2 T4 \T6 1 T7 [B] 22 57 A B35, YLHA /N3 A0 7 90 1) 0 419 Bl R /K A ) 3 v R B
2006—2007 £, T2 #1T6 H) TR H B3 = THAR XL R ;2007—2008 4, T2 T3 F1 T6 K TR H B & 125, ]
ZNEAEFEEBREHN TRETRE. 6588 kPR &, W4, L T4 BFR ™ B R,
VCIAZEREBE RO 120 mm BAR0F TR, TR AR HE LR A A TR SOFFRL™ B PIAEH , FIE WK AL AR
EC, HE— K AL R FORPRL = B ARG 24. 0% 1 8. 3% o 2006—2007 4, T7 5 T5 il T6 f)™ BEA BEER;
2007—2008 4, T7 5 T4 15 71 T6 K= BIIBA BEER

R2 BRI R X AR B B AR E R AR

Table 2 The average grain yield and yield components of winter wheat under irrigation frequency and stages

; Zhaz ) )
A Numbf i{ spikes FORLE . Grain Z:tini rate lomf:rmﬁniir:eight (f’aﬁf;i
Treatment . i Kernel numbers/spike o
/(spikes*m™%) /% /g /(kgm™)
2006—2007
Tl 550.25% 30.98% 79.91* 28.944 440. 2
i) 475.51¢ 27.80° 73.45¢ 43,92 380. 4«
T3 409.29¢ 28.92° 74.17% 37.47¢ 327.44¢
T4 678.29* 34.08* 78.84% 38.20° 542.64*
T5 621.11% 30.76% 78.60% 36.58¢ 496. 88
T6 589.33% 28.87° 74.51% 45.26* 471.46%
T7 557.92% 32.77% 79.09ab 40.21° 446. 34
2007—2008
Tl 559.27% 29.2% 81.80% 40.16° 699. 14%
T2 477.93¢ 31.5° 80. 13" 46.13* 691.40°
T3 440.311 27.2° 77.72¢ 45.63* 554.339
T4 658.05% 30.0° 81.65% 39.32¢ 769.16°
T5 602. 42 31.4* 83.00° 42.40° 757.62a"
T6 558. 10 29.0% 78.36° 46.49* 711.99%¢
T7 547.45¢ 30.7° 82.01% 42.22° 705. 852

(1) FHERA R FEFRE— DR T 5 (2) a—d RFFRFRTE 5% KF LERBE
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2.3 FEBSRKFNEHAX A /NE WUE By5200

FEEFEM R 120 mm FFLLT , BEBSUR AR HIXF & /N2 WUE B BER W, 2a H,TL.T2 F1 T3 )%
¥ WUE 3 15.95 kg hm > mm ™", T4 TS #1 T6 {5 19.23 kg hm > mm ', Jiij T7 M4 17.80 kg hm > mm ™',
A, A&/ B A EE K BB AT WUE B3R . TEREPIZK AL 3 H1,2006—2007 4F T4 [ WUE 2y 17. 62
kg hm > mm ™', BE T TS Ml T6;2007—2008 4EH, DL TS £, 4 21.91 kg hm > mm ™' {B5 T4 HI T6 ¥ h
BEER. GEFZRLNDEZAEFTHRKEM WUE, £ SHEBEH 120 mm BIFR T, LSRN &
FEWE 60 mm L,

m 20.00 a m 24.00 |- ¢

27 1600 2 < 2000

%E oo % £ 1600 |-

= B 1200

5 = 800 EE

= g) g E 8.00 |~

i: < 400 TS a0k

0
Tl T2 T3 T4 TS T6 T7 0 Tl T2 T3 T4 TS T6 T7
AbFR Treatments
E1 FEERFRMAETSNEKSF AKNE
Fig.1 WUE under different irrigation frequency and stages / (kg hm ~>mm 1)

2.4 WRSHSIN QIR SRR 0
) A 70

H ] 2 AT, EAROR B S AR B B R
DA URIE K Ab B vy, FLIRR: 3 IRHEK, ek 1 R
Ko 2 RAEAKIS , KPRLEE H 5™ 8 MU - T4 > TS >
T6 ;1 YR , ¥PRLEE ™ B BF 2 - T1 > T2 >
T3, ¥R I K BEE RO J5 B M REAIR . FPRLER B -
BTEAACHLE BTy : T2 > T1 > T6 > TS >T7 > T4 > AbFE Treatment
T3, BIERE A B R 1 WA, AR AEK
A TR EARSE B M E YR 2 Kk B2 EESURMEEEBRAFRNERRFEMSENZN
E’J%#FT,LLUEH?%%H{E%‘UJ(%@%UTT%%*}&%EE Fig.2 Effects of irrigation frequency and stages on yields and
TE.
2.5 VEWRAT RN B A X T A AR B DOREAEL PR e

I RA/NEEARFEN—FRRER, WA %3 #ssmcmet s s/ Emm s R m R BN L 0
SERE/PEEHRSERNEERE, HS585/NEHYy  Table3 Effects of irrigation frequency and stages on gluten
IR 56 RAR R H) o UM B 55 1 4 (O 5 iy characteristies at maturity

40

T H 5 7= & Ptotein yield/kg
N W
oS O

(=)

91 F & Bt Ptotein content/%

(=}

contents of protein at maturity

FRAX, SAEMM LRSS EMS, mks 00 WEW iR TR
AT A ), 7E SRR 120 mm BOZPE R, RN - oo o Y
YBT3 YD A HE BT KRB R 2 AN Rl . 4R V) 40.3 32.0 28.2¢
5 KRR K AT T4 P T o B RO, T T3 3.3° 6.0° 2.8°
HES K AR I , MK 19 T3 \T6 0 T7 OLVE( 5 " NN =z
A O B WG, T3 5 T AR L, A 4 R - N s
WEAEG 6. 929% , 30 Th A 4 B IR MK 25% , T I 181 e 1 - N 2.0° -

lmL,MEﬂ(ﬁ(ﬁ*%,w E/‘J?ﬁﬁlﬁ% \ﬁﬁf%ﬁ*ﬂ‘/ﬁ.% SDS: sedimentation volumes, GI: gluten index, SDS: sedimentation
SR 5B EAE DU A R R vlomess o IR S%KF LS 0
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B9 120 mm FZAF T, FEBRREOE ZAF T 5 Rk o
2.6 FEBRSUCHI T BN ZE A BRI

W 4 FR , B RAES LB ZRA B3, SKRIE S AR BA —E . FEBRI O By R S
BRI R , FEREBE 5 B AR R0 22, oK 3R T TR S 18] A0S e BN 18] S54RSS B0 728 7 ik
Do BB, & /NEE H F A AT IR S K R B 22 068 /N3 i RO, AR/ INZE B4 m T o

R4 EBIURE X AR R B R R

Table 4 Effects of irrigation frequency and stages farinogram parameter on at maturity

s i BYFALBH Farinogram parameter ok
Treatment FE /% K% WA/(ml/100g)  JEEATE] DTT/min -~ £ [A] DST/min WC /%
T1 69.0a 63.9a 3.7a 2.4a 10.3d
T2 69.0a 63.7 a 3.4a 2.3a 11.1b
T3 69. 6a 62.7b 2.9b 2.3a 11.6a
T4 70.2a 62.2hc 2.8be 1.4b 11.0b

TS 70.1a 62.0 be 2.8 be 1.5b 11.0b
T6 68.8a 61.6 ¢ 2.5¢ 1.4b 10.7¢
T7 70.0a 60.2 d 2.5¢ 1.5b 10. 8¢

FE: flour extraction, WA ; water absorption, DDT; dough development time, DST; dough stability time, WC; water content; a—e /N [a] R F /R TE
5% KF LERBE

3 g

INEFPRE B FORIEE WA, — IR KO8, —RITHERTE R4 E P YRR H
HHE KRR B ) A 7 G RN YRR SRR DL, BT LARE K R e B ORI . TEKF T BT, AN IR
TE— X R e o 2 [ A0 B P R 7 A AL R o AN SE A5, T 5k el ZE I ) ARG
P ABKEA M TIRBEBHR . T —KEH T, L/NEREA LT YR REEFOKEAN T TR
T A o

FHEK SR INFERPRLIC A B R RS B (O P R i B B L R RL = . BRI IR S R R
B, 1858 B KA A TR m /N RPRL - B TEE R HE— KSR T, /AN ZERPRL ™ B R K i 8] B9 J S T B S T
Mo RIS RERM e/ NE AT E SRy 120 mm FAF T, THRTSGBERED, & B &R AH
BOMBEREL; TRESIHRESE, B R A THIE . L/NEAPR- B 20k A SO 5 HlERLE ™, 4
i 70% —80% , HA REER A 29 5 60% LA L, T B i 3 HARE IR , W] O 785 R B oe R i 139k 41, Bl Ik
HEMR T8 BB RE 1T W RIS 940 T P B ARG

NZZ BT 43 0 AN T BRANE IR b o KSR /INZERPRL AR R E BN R, XTI BT R % (R Z
BRTFA IR R X S SR A S0 o AR PRI S ), 38 24t/ TR o2 750 2 1 R & R R o T 6 (AR
(BT o (BRI T A5 5 B A 2 MR A AS AR [R) , TR R Ak [ DA B R /K RO 22 (e % Singh 71 Shephend 1%
PR R A B UM (2 B R I T . AR I 7E SR — WA T B TSR
X R RN, G SRR & /N A B A TR AR K R B AT R SR, HE B R R B
15 THE— K AL B B =K AL B  (BAETE — UK AL B, 3 B SO B EE B A AR TR . XMER
BHAE ) MBI IE 4 R[] - FEAERTHE IR 135 mm 604 R, JEJEVE—7K (40—90 mm) 5 51/ ¥ RL R 11 B MEAR I B
B, iR F NIRRT A SIERTIESE 0 SEB R O, AT B S A O, 2% BT RARE
HIARTR/NE fn i B S 7K R R 22 AR R B4 /N2 A 7 3003 1] 0 TR U 5 2 e SR s 30 5 7, T T A9 5
B Y B ] | R A B R VPR SRR IR A RS R LA SV S R TS M
TEREIR Z B2 TR , 7E 133 18] PR35 B 9 30K 5 B T (o X S PR 0 1o 0 0 1, DTG 6 o A5 A R 3 o
{EZ, 1o 5k 2 PR B AT AR E R S0 o A RO D g A I M BGPTSR AT Pl o P B 15 A
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