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Abstract: Water resource shortage is not only a critical environmental problem, but also a limiting factor severely affecting
growth and yield of wheat. How to increase the yield and water use efficiency ( WUE) of wheat has become a stringent
problem to be solved. The aim of this research is to study differences of water consumption characteristics and WUE between
six winter wheat cultivars (J17, T23, J22, Z12, S12, and W8) in high yield field to elucidate water consumption
characteristics of cultivars with high WUE. Three irrigation regimes were applied in the present experiment; no irrigation
water applied during the whole growth season ( repressed as WO) ; irrigated both before sowing and at jointing stage (W1) ;
irrigated 3 times, before sowing, at jointing and anthesis stage (W2). The irrigation amount each time was 60mm.

Based on the cluster analysis of grain yield and WUE, these six cultivars can be divided into three groups: high WUE
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group ( Group I ), middle WUE group ( Group Il ), low WUE group ( Group I ). The results showed that grain yield of
Group | was significantly higher than those of other groups in the same irrigation treatment. However, there was no
significant difference of grain yield between Group I and Il in treatment WO, while grain yield of Group II was higher than
those of Group Il in treatment W1 and W2. Selecting T23, W8, S12 from group [ , II, Il respectively for further
analysis, the results indicated that, in treatment WO and W1, water consumption amount and water consumption percentage
from anthesis to maturity were greatest, following by those from sowing to jointing, and from jointing to anthesis for T23 and
W8, respectively; and for S12, the descending order of the two parameters was those from sowing to jointing, form anthesis
to maturity, and from jointing to anthesis, respectively. In the condition of W2 treatment, water consumption amount and
water consumption percentage from sowing to jointing of the three cultivars were all less than those of anthesis to maturity,
but more than those of jointing to anthesis. Compared with W8 and S12, water consumption amount, water consumption
percentage and water consumption amount per day from sowing to jointing and from jointing to anthesis for T23 were highest
in treatment W2, whereas those from anthesis to maturity were lowest. Total water consumption amount of T23 was moderate
between that of W8 and S12 in treatment WO and W1 and the ratios of irrigation amount, precipitation and soil water
consumption amount to total water consumption amount do the same. In treatment W2, the ratios of irrigation amount and
precipitation to total water consumption amount for W8 were less than those of T23, but more than those of S12, whereas a
opposite change occurred in the ratio of soil water consumption amount to total water consumption amount. However, total
water consumption amount for T23 was lowest among three cultivars in treatment W2. Under the same condition of irrigation
treatment, soil water consumption of 100 —200cm soil layer of T23 was more than that of W8, showing that T23 could
adequately use deep soil layer water. Soil water consumption of 100 ~200cm soil layer for S12 was more than those of T23
and W8 in treatment WO and W2, but grain yield and WUE of S12 were significantly lower than those of other two
cultivars. It is suggested that water consumption characteristics and water use efficiency in high yield wheat field may

strongly depend on different cultivars.

Key Words: wheat; cultivar; water consumption characteristics; grain yield; water use efficiency
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o JMARILL 6 /N T ABERL, BEFEA RIRE K A AF T /N Bk o0 Fl BRI 2253, B 7E AR = 7
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JB R IR KRB ZE XA X . ANEREFENRLH 0 ~20em + 2 HIEFASE N AR 1.42% , 25
0.13% , GRfi# 4 85. Tmg-kg ™", A 38.2 mg-kg ™', A4 99. 63 mg-kg ™', #ERHj 0 ~20.20 ~40.40 ~ 60,60
~80.80 ~100.,100 ~ 120,120 ~ 140,140 ~ 160,160 ~ 180,180 ~200cm + JZ ) + 155 /K 84 5K 13. 9% .
16.5% \18.5% 17.4% 18.3% 22.5% 23.5% 24.5% 24.8% 25.4% , /NEHL T BEKE 171, 3mm, 4}
R 3R BARTH 12.5 mm ART R 40. 2 mm 3555 EFFAER 11,5 mm FFIE 2 A 107. 1 mm,
FEKAEIE 2T AR (WO) JIRHIK + 37K (W) JERK + 3RA57K + FFIEK (W2) s BIR#EK
60mm , F/K RHEFIEKE, 6 MEAMFATIR 17 2510 23 57 22 0 121K 12 .45 8 5, /NXTEFH
g 4m x2m, FEHLIX ZHHEF 3 REE /DX EIE 1.5 m MIRES X, 1ERTE A B4 A 105kg. P,0,105kg.
K,0135kg, 3k BB A DUE M A 105ke; BN RIRER (F A 46% ) , BEAL NBEIR — 4% (& P,0,46% ) , 47 LK
BRBRHP (4 K,052% ) . 2006 4E 10 A 13 HIEFR,3 1 1 LHAEE, FAH 0 180 M m 2 KA FHE I R £ /=
H,
1.2 MEmH 55
1.2.1  F3EEKERNE
fENE FEAETB A A0 ~200em + 2 +4£,20em Jy 1 )2, B F4HEE R +FEE T 105CTHRE
B, RTE, IR LIERESKE.
1.2.2 FKERNIHETE
FE/K BRI FK A AR ARIEAR I B AR A1, o 5P, T WL R AR T % 5 b /KR 4m
AT, AT it KA BN E K ABTREER T 2m, AIRIREB T AE . B, K- P #2=0h
ETa=P +1+AW
K, ETa JIEY) AT IFEKE (mm) , QIEHERZE B E SREIZE L E; P AEKE (mm) ;1 HEBRE
(mm) ;AW SHAEYIAS [F] A B A Z (B8] B 3B ok A8 fh &, B HIE K IEFER . TRk E .
W=0.1xrxvxh
A, W AR FEE LEE K E (mm) ;r 8 EEAEXTEKE (%) 50 N EFFHAEE(g-em ) ;0 N EE
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FE/KFIFHRER (kg-hm >mm™") =#PRiF=& (kg-hm™*)/[f/K & (mm)
HHOKFIARE (kg-hm > mm™") =¥phi=& (kg-hm )/ +HEHE/K & (mm)
1.3 FdRaHr
DA [F] i F /N2 BRRPRL= B8 A 43 IR 3645, DPS 7. 5 850408 43 ik (4 77 B R b v AL e
1k, YR RR QBB K/, 12 A Ec K BEES v, W A E R 2K 0BT SR A Miicrosoft Excel 2003 Zb 4 41E | &
7%, DPST. 5 FAR Tk AT AR S T o i 22 R B R 0
2 GZR55H
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R 1 B AR SR NERFPRL B SRR K & 3 T in, R K W2 > W1 > WO ; 7K 43 F] R
11023 B3 22 3 12 HEFE 8 5o WO > W1 W2, 55 Rg 17 1L 12 25 W1 > W0 > W2, [F—#KKMET, M
FhE] kPR = B R HOK A FI AR Z R BE . AFREKCHERMGT R =B R RN 5.0% ~8.5% ;
KT FI R R RECN 6.4% ~11.3% , KK FIFABRZHEK W ZWMEE RES THA 2R %
HIREM
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FRACTH) AR FABERATA) AR FIRBERA(ME) o F—HEKFEET R~ 8, T HE
ERTIHMMA; THAMMALE WO AbBEATRREZES 76 WL A W2 &04F, TARES T4,
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Table 1 Differences between different cultivars in grain yield and yield water use efficiency

41 Group LA ¥R & Grain yield (kg-hm~2) K4 FI%# WUE (kg-hm ~>mm 1)
Cultivar W0 w1 w2 Mean W0 w1 w2 Mean
KGRI A4 T 4) 1) 23 T23 6312b 8097a 8397ab 7602b 21.9¢ 19.7b 18.8a 20.1b
High WUE group (Group I )  ¥# 22 J22 6494a 7959b 8851a 7768a 24.5a 21.3a 17.6b 21.1a
H){ Mean 6403 8028 8624 7685 23.2 20.5 18.2 20.6
K SRR A (T 4) W3 12 7212 5749¢ 6838d 8352b 6980d 22.0c 17.8f 19.2a 19.7¢
Medium WUE group (Group ) ¥ 8 5 W8 5946d 7735¢ 7825¢ 7168¢ 22.5b 18.4e 17.1b 19.3d
{4 Mean 5847 7286 8088 7074 2.2 18.1 18.1 19.5
AR 4 P PR 4 (T4) WG 17 117 5986¢ 6761e 7731cd 6826¢ 18.5d 19.2¢ 16.1c 17.9¢
Low WUE group ( Group1ll ) 14 12 S12 5751e 6811d 7353d 6638f 18.4d 18.7d 14.8d 17.3f
{4 Mean 5868 6786 7542 6732 18.5 19.0 15.4 17.6
BJ{# Mean 6039.7  7366.8  8084.8  7163.7  21.3 19.2 17.3 19.2
ARAFKCV(%) 5.0 8.5 6.7 6.2 11.3 6.4 9.6 7.3

WUE: 7K43F %R Water use efficiency; [i]—31 $07 ToAH R 7 0] 2% 735 5% W B /K F; FH  Values without the same letters in the same

column are significant at 5% level; the same below

2.2 AREVNEMFEFKE BBk B Rk R R

TIFEZK 52 L B 22 53

M T THA A 551 A G AR, Fe il 23,
H3 8 SMILAK 12 #E—H ot 3 AR EFRKE
HA WO 504 T AR, FERE K B3 in, B AEK & B 3
m(EK2) . G5EFR 1 GRDHTRY,TE WO 1 W1 S 4F
T, FRIL 23 PR B, (BB KB R 1E W2
T, FR 1L 23 PR B, BAK BRI KW
1 23 AP TEAFEK AIREK B MRMET, BERA
A KRR, FRAS B HRPRL ™ B TEVE K B
TR , RERACA FIREBEK , A% S i = B T o

R2 TERMEFEKE.HRFEKE RAERRNEKEENER

Table 2 Differences of total water consumption amount, water consumption rate, water consumption percentage and water consumption per

day of different cultivars

W17 117
412 S12
Ww#£12 712
#EERE W8
#1123 T23
wE2 12

Fig. 1
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Dendrogram of test wheat cultivars
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BB -4 WAT-ITE T L1
43 A TWCA Sowing to jointing Jointing to anthesis Anthesis to maturity
Treatments Cultivars

(mm) CA cP CD CA cP CD CA CP CD
W0 #1123 T23 288.3h 118.6e 41.1a 0.7b  41.3e 14.3i 1.7f  128.4f 44.5e 3.2f
X 8 5 W8 264.9i 97.3f 36.7¢ 0.6¢c  55.9d 2l.le 2.2¢ 111.7g 42.2f 2.8g
14k 12 S12 311.9¢g 121.0d 38.8b 0.7b  81.7¢ 26.2a 3.3¢c 109.1g 35.0h 2.7g
w1 #1123 T23 410. 6e 143.3a  34.9d 0.8a 100.la 24.4c 4.0a 167.3e¢ 40.7g 4.2¢
H#E 8 5 W8 420.6d 125.4¢  29.8f 0.7b  79.4c  18.9f 3.2d  215.9¢ 51.3¢ 5.4c
14k 12 S12 363. 6f 142.4ab 39.2b 0.8a 91.9b 25.3b 3.7b  129.3f 35.6h 3.2f
w2 #1123 T23 446. 1c 142.7ab 32.0e 0.8a 100.1a 22.4d 4.0a 203.3d 45.6d 5.1d
H#E 8 5 W8 458.1b 125.0¢ 27.3h  0.7b  80.3¢ 17.5h 3.2d 252.7b 55.2a 6.3b
i 12 S12 497.7a 141.8b 28.5g 0.8a 92.2b 18.5g 3.7b 263.8a 53.0b 6.6a

TWCA: BFE/KE;CA: BrBoFE/KE ;CP: FE/KBERE;CD: FE/KHREE; TWCA: Total water consumption amount; CA ; Water consumption amount

of growth period; CP: Water consumption percentage ( Water consumption amount of growth period/Total water consumption amount); CD: Water

consumption amount per day ( Water consumption amount of growth period/ Days of growth period
P p y P gro P y gro p
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7E WO 1 W1 454 F , 281l 23 FIgEZE 8 S B BeRE /K B FFE KB R BRI N FFIE 2 B > B Fp 2R
> R EFFAE, FEAKR BN AL 23 > 301 ZIFFE > $FP 2385 5 1LAR 12 B BORE K B AR KEE R B I%
PR > FFAEE R > IR0 BFFAE, FEAKR MR EFFAE > FFAEE R > M ERT . 76 W2 £M4F,3
A B BERE K B RFE KB R BRI AL 2 A > B FP 2IR1 > kW 2 IR, FEKGRBE A6 2 B >
AT RIFIE > TR BT 1R 2T RIR T 2RI EMFE KB R BONZR 1L 23 > 1Lk 12 > ¥ 8 5, HBr B
FEK BRFE/AKREE R 1L 23 SRR R FFAE BB RE K RO 8 5 > 1Lk 12 > FR 1L 23, FEK &
FEKSRBENZRIL 23 SRR,
2.3 RE/NEFF O ~200em 12+ ke Kk B HE R

Bl 3 s, 7E 0 ~200em /2P, Bl IR B 3G N, H3EFE K B 2 g AR b, WO 4T ,3 N4
TIEFEK BB R ZE R HBLLE 100 ~ 140em +J= , FILAR 12 > #1123 > #FE 8 5, W1 KT, 0~100cm +
R IR K B oS 8 B > 210 23 > 114k 125100 ~200cm + /2K H1EREKE IFRIL 23 > HE S B > ik
12, W2 44T ,0 ~100cm +/Z# HIEFEKE R 8 5 > 111K 12 > FE 1L 235100 ~200cm + )2 H) T IEFEK
BALR12>FRIL23>HHES S, 5ER 1 rERY, F—EAKFM T, Z8 L 23 FBF 100 ~200em 21+
BFOKER THE S 5, KA XM RER A FHIRZ 138K ; 1Lk 12 FFFE WO T W2 444,100 ~200cm
T2 R HIEFEK RS T AL 23 Mk 8 5 (HIFPR = & BN T LRI s, HoK 4R SR AR

—e— #1123 T23 —B— 485 WS —x— 1412 S12
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TRk
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B2 REREAKSTARESFEO ~200em + )2 +HEFEK &N AEL

Fig. 2 Changes of soil water consumption amount in 0 ~200cm soil layer of different cultivars in different treatments

2.4 ARVNEMFHFEKRIE R G SR B E RN 2R

3R, BERE K BIEIN, BEOKE G BRI E R EETHR, KR L BFKE N E R BEER,
TR R G EFK B 3L WO SR T RR . AR AR FEAKOR R R RO R S B R K BB
ZRBE. WO KT, KR BFKENE SR NEE 8 5 > F il 23 > 1 12, TIFKE I G B8
IKBRE RN 12 >R 23 > #E 8 5o W1 KT, HEKEMEKER S BFKENE R NLK 12
>FR1l 23 > ¥ 8 5, HIRFKE LH G BFKERE R NHE 8 5 >Rl 23 > 11k 12, W2 KT, #
IKEFFEKE S SAKENE R NERI 23 > HE 8 5 > 1K 12, HIFFKEKH G BFKENE RN
W12 >3 8 5 > Rl 23, HER 1 FRR=BOAZRIL 23 > #E 8 5 > 1K 12 MEIREKH, Rk
(WO) 247, o1l 23 S AP RERS TE 0 A IR K R R 30K, 32 7 B K (W1 \W2) 25T, %8 1L 23 AR BETE
S FITEBE K FREAK , D%t 10K BT S , 205 7™, R K 0 R IR R
2.5 R[RI/NZE SRR RIEAK 0 FI AR 1922 57

M 4 B3 S B KR RIS 3R 3 BEHE 7K B 38 2 AR5 (Rl — MK AR AR, 38 1l 23 O
IKFI IR R B o A 7K AL BRI K R AR A ZR 1L 23 iy, ¥ 8 SR, LK 12 FefiRe R3Ok A
BORLE WO 26 T R 8 5 > o1l 23 > LR 125 W1 5 F F o9l 12 > Fili 23 > #2855 W2 KF T o
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Fe1li 23 > #iE 8 5 > L 12, GEBAE A K (WO) FIFE KB A (W) B AT, 2o 1l 23 9 £ OK A 2R L
B HARE , FEHE KR IER (W2) 2T, A OKF AR B &R R . KoM ABERE WO &0 T b %1
23 MEE 8 5> 1R 12,310 23 5 8 SHBEER ;W FHFTARIL23 >HES S K12, 4% 85
Sk 12 TEFZER W2 KT AFIL 23 > #E 8 5 > 14K 12, R MEEK B R E R E AR
/NZE R BRI R IR R R S B R 3R 5 B 1L 23 AR TEAS RV ZK 2R T 2 BT LA BE RS 3R 45 w5 i 7K 0 1
R R KK A SRR R EERER,

£33 FRMESEMHRAKERESERKETSIENER

Table 3 Differences of amount and ratio to total water consumption amount of different water resource in different cultivars

SRR kb3 Y 7K & Trrigation amount [% 7K & Precipitation amount + kK E SWCA
Cultivars Treatments (mm) (%) (mm) (%) (mm) (%)
wo 11123 T23 0 0 171.3 59.4b 117.0e 40. 6b
i3 8 5 W8 0 0 171.3 64.7a 93.6g 35.3¢
14k 12 S12 0 0 171.3 54.9¢ 140. 6b 45.1a
W1 11123 T23 120 29.2e 171.3 41.7e 119.4d 29.1e
i3 8 5 W8 120 28.5f 171.3 40.7f 129.3¢ 30.7d
14k 12 S12 120 33.0d 171.3 47.1d 72.3h 19.%h
w2 11123 T23 180 40.4a 171.3 38.4g 94.8¢g 21.2¢g
i3 8 5 W8 180 39.3b 171.3 37.4h 106. 8f 23.3f
14k 12 S12 180 36.2¢ 171.3 34.4i 146.4a 29.4e

SWCA: +3#E/K & Soil water consumption amount

®4 TRMEZESEMHHERKREHNKIFREERES

Table 4 Differences of water use efficiency of different water resource in different cultivars

B e ?’§7J<3F.'Jﬂ§§i$ l‘%ﬂiﬂ ﬂi%lﬁ :ti:g?kﬂ &S Lz &
Cultivars Treatments Irrigation WUE Precipitation WUE Soil water WUE WUE
(kg-hm *mm ") (kg-hm > mm ") (kg-hm *mm ") (kg-hm ~*mm ")
Wo &1l 23 T23 - 36.8f 54.0f 21.9a
i 8 5 W8 - 34.7g 63.6e 22.5a
14k 12 S12 - 33.6h 40.9g 18.7be
w1 11123 T23 67.5a 47.3b 67.8d 19.7b
¥ 8 5 W8 64.5b 45.2¢ 59.8e 18.4c
14 12 S12 56.8¢ 39.8e¢ 94.2a 18.4c¢
w2 10 23T23 46.6d 49.0a 88.6b 18. 8be
i 8 5 W8 43.5e 45.7¢ 73.3c 17.1d
14k 12 S12 40. 8f 42.9d 50.2f 14. 8¢
3 e

AN RIA /N o PR HL A B A SRR A [R) 7 7 B RUK 0 RIS EAF e B 22 57, b ) 7 B A 22
44.86% , 7K A} FRLFEA 2 42.18% 7™ I [a] ik o i 98 7K 2 ROEE K WA B8 o, 7= A K 4 R R B8R A
Heta 3 BEARIR , HE—E MK R T Y, 7= B A AR RORA — AR o XU %3 4 /N2 T
PRI AP BT SR, 2 M A AR AR R A B BRIS T R BISE S 8E T, THAE T BLZ KK 0, TR i i
RIRR LY BB, KRR AP BAER . ABTFERM 6 AN A, AR5 PR ™ 2 AR 20 F 2R 2
ANER, FREDHTEIT 2R RS Fh 20 A = K A AR (T4 Rk ARSI FfiRak 207
FIBCRHE (M) , SRR — KR TR 8, | HBES T IAMMA, 1HMIMESE WO &4
TREESE WL A W2 20T, THBZE S T IA, BNARE S0 T 7K 23 F F R & Y o RL ™ & 75
Bio
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P B oT a1 KB S R /INE REK 3h 25 5 BK B S 5 AR 0, BN RTHIRE K 2, R HIRE K 2 1
Wi, BT, /INER K B7E 3R 5 BT IR0 B, R RE K B B E M TS . KHR%E™
INRHTIE A BN B/ MK B — X R ARG TP 23T B B, e KFE K B — 3 e FHAE = LT B
AIRILERF I, WO M1 W1 A&, Fe 1l 23 Fig 8 5 MG BOE/K B AR KA R BRI E M > %
FHERTT > WA EIAE; 1R 12 HEFF BT > FHZ A > KT R, W2 Z4T,3 MR BFE
TKEFFEKAE REE AL B R > #EFD ZIRT > 1 2FFE R 2R AR 2 AR R BN R
23 > 14K 12 > #3 8 5, I BE A K BRREAGR BE N R 1L 23 S Fh e  TF A6 2 BRI K B R BIOh
F8 5> 1k 12 > 23, FKEFFEKIERE NFRIL 23 BFPEK. BiRZERUBZ L 23 SFxf K517
TRE R, FEAR K TR B KOF , A ZE A BFK B L, AR TRHRER IR E 3B Fh 24K
TN BRK BB LA A T/INENEE BT . EHKERERNLNT , TFEE RSB BRE KGR R K &
At SRR, B R TR S KRR

7K AR M B AR i S S TR R R R 1 AR AR K RIS SRR K B 280 A 7 4 ) P B3 K R A KRR
Hb 5 A By P K AR S & R SE BUE Y B A R K i 36 A 3421 . Panda 279 YN TE—ERIKMBA T, /NER
ASKAS 3R K R FHER, W AK G . BRFFEER, MEA KB MR, /INE A B R SRE K B FEE, +
K U H R IR E K A S in > T 3R H R K B rh, DI K ISR R S B KB E RN
50% , ZERETR /0T L3900 7K 78 R ARy , B 5 BAE K BT 20 Rk 60% 7, ABFGT 45 1, HE K AR K i
F BRI P R RN S = B AR PR R AR A s R 2R FR 1L 23 SRR FE R RV K 2% 14 T Z B LA BB
AR = K A R AR, B R R s A K IR K R R & . 5EEE 8 SRl 12 A, A
FK(WO) 24T, o1l 23 ShFhREAS B 47 O A R R K R 380K , SRASHE R BFPRL = & JE K (W1 W2) /4 F , 3
1l 23 R EEFE I R K FIREK , i b st + 38K BT AE , FAER = , HEAR R K R AR

EVERET BT 120 ~200em + 2 H K EARZED ML HERZ M, ILERE, KkB
2128 gk FHEE K FBFFE R B, NEXF 0 ~ 100em + )2 + 387K 1 F] F 258 & 70% , %F 100 ~200cm + 2
B 66% ,0 ~200em )2 F = 48% , +ZHIR, T K ARG, JTRB/NE SR 35K 43 B F)
PR AR FIRE A A B 5 K IR SR B 115% 1) o ABRSEIE AR A 0 ~200em + 2 + 3R K B ISR EH,
A —JEAKSMA T, 210 23 FHFP7E 100 ~200em + 2 HIEFEKE R THE 8 5 ¥R =B s TH#E 8 51
4 12 FFPFE WO il W2 4504 F,100 ~200em + 2 H1FEK B/ T&R 1L 23 Mg 8 5 (HHIP R =& B
BT 3R S, HoK A F R R BAR , R AR R S 2K AR R T A B 2 7, AR SR 7K 4 %
ISR F FH 22 55 I AR B ALA A ik — 2P BFR o
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