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FEE W5 — R B 5 13K 53 X 4 /INZERF L™ 1t FIK 43 R R I 5000, SR /N 22 395 7K e P AR B SR A B A4 . T 2008—
2009 F1 2009—2010 FAN/INAZ A=A 2 | 36 e /N2 R 22 22 SR IO NS (9 12 R 9 1 YR+ BE R AN BE B 2 Al 7 =X
T IR 0—200 em + )7 S KGR T TR S0 KPR I BOK A R 2, 25 SRR, (1) TRAA +HERE
40—180 cm 2 3K AR T HERFAL B s HEMF 6 A BOR AR 20 R 6, FF 65 T ) 5B B a5 AT 19 5T ik R 1 3 v T
BERFAL L, (2) W3 (AMIE 2 0—140 em )2 TIEAXS K BB AR 85% , A1 80% , 4515 ANITAEIH 75% ) I3 0—200
em R HHESOKES W1 BRI 80% , B4 11 80% S5 FFFAER 75% ) 1 W2 AL HE (#EF I 80% , B4 1 85% , $15 FIT 7%
W175% ) oW &R W3 F W3 (FEFI 85% B4 85% , 1T FHFAEM] 75% )60—140 em + )2 +HEE /K E /3 LT W4 (#%
Tl 85% , AW 85% ,KTTFIIFAENI 75% ) Al WA (3EFNIYT 90% A 85% KT ATTAEW 75% ) AL B, W3 F1 W'3 HE3¢ s
WEG A R, FFAE IS T TR B B P RPRL I DTk 10 28 o T JUA A 3, A5 i PR e FUK - R . 255
SERFRL™ i K43 R A FIE R i, FEVRAS R SR IR T AR EE 43 3L W3 R W3 Sy 1 7K i 7 iy dee A AL 2
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Effects of subsoiling and supplemental irrigation on dry matter production and

water use efficiency in wheat
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Abstract; Simultaneous increase of grain yield and water use efficiency is an imperative solution and a hot focus on crop
production and research, especially in northern plain of China where winter wheat ( Triticum aestivum) is the largest water-
consumed crop. The objective of this study was to optimize irrigation scheduling for both high grain yield and water use
efficiency of wheat with different tillage practices. Unlike earlier studies in which fixed irrigation amounts were given, a
strategy of water-controlled irrigation based on measuring soil water content was adopted to study changes in soil water

content in 0—200cm at maturity, dry matter accumulation and distribution, grain yield, and water use efficiency. In a
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continuous experiment across two growing seasons from 2008 to 2010, we planted wheat cultivar Jimai 22 with two tillage
treatments including rotary tillage after subsoiling (RS) and rotary tillage (R). In the 2008—2009 growing season, the
irrigation treatments were designed as no irrigation ( WO ) , relative water content ( RWC) of 80% at sowing, 80% at
wintering , 75% at jointing, and 75% at anthesis( W1) ; RWC of 80% at sowing, 85% at wintering, 75% at jointing, and
75% at anthesis( W2) ; RWC of 85% at sowing, 80% at wintering, 75% at jointing, and 75% at anthesis( W3) ; RWC of
85% at sowing, 85% at wintering, 75% at jointing, and 75% at anthesis( W4 ). In the 2009—2010 growing season, the
irrigation treatments were designed as no irrigation( W'0) , RWC of 85% at sowing, 85% at wintering, 75% al jointing,
and 75% at anthesis( W'3) ; RWC of 85% at sowing, 90% at wintering, 75% at jointing, and 75% at anthesis( W'4).
Under the same irrigation treatment, soil water content in 40—180cm soil layers of RS was lower than that of R practice,
whereas the flag leaf photosynthetic rate (P, ), dry matter accumulation after anthesis and its contribution to grain in RS
treatment were significantly higher than those in R treatment. Compared with both W4 and W'4 treatments, soil water
contents in 60—140cm soil layers of W3 and W’3 treatments were lower at maturity. However, there was no significantly
difference among W1, W2 and W3 treatments. Under the same tillage treatment, P, at late filling stage, dry matter
distribution amount in grain at maturity, dry matter accumulation after anthesis and its contribution to grain in W3 and W'3
treatments were significantly higher than those in other treatments, subsequently obtaining higher the grain yield and water
use efficiency. In wheat growing environment similar to the condition of this experiment, we propose the best tillage is RS,
and the best irrigating regimes are W3 treatment with the precipitation of 13. 8 mm from sowing to wintering stage in 2008—

2009, and W'3 treatment with the precipitation of 48. 1 mm from sowing to wintering stage in 2009—2010.

Key Words: wheat; subsoiling; dry matter accumulation and contribution; water use efficiency; grain yield

FEFR NG J7 i IX, W /N A o = i BB . Li 5 SRR BRI A R TN T R
2 RPN LA m e, R NE R E T R B SRR Y 80% LA L Bl K A 3
RIFAEIG T4 R B o ME /K At ak 22 b 25l 1 0 5 (DAL 1) 40 T, PR B I X1 B L 45O A 5
IR TER K St —E AT 351 WIVE K RRAR SEVED TR 2 438K R 4 55 7K 43R FH 238 R TR A%
R, AL BHER I , 7T LA TSR FE R K SR 38 S K R SR A E = R RS, e S
A AN PRI P R 19.3% Y (H ARG bE T 80 R S, H IR E K S ME AR R X 1R
FIAK 53 BB, AS ) 7 A B ' o RS BV 30 3o R A B % - 898, T A AIE - 4 o, 10 - 83 o
PEUTRT R T EGE R G A TR, R R T SRR B B Xt /N 2 AR VR A R, 4R v R HORT TR
AR R A P P R E 2O - HEK A B — P N PR R R R e B A 9T, IR 2R
FE SR T AR RS BR  4K AR T LR R 1) S5 SR ARCR o A DLARGE . AR SCLL 0—140 em +2
B AR K B AR KR SR PR AMEE (0 73 5T | IRTRAA R IS 3K o3 X 4 /N2 AR 1t
TR 53R FH 23852 00 1) J 880, Ryl /N2 4 K R R s R AR B BE SRR
1 MRE5AEZE
1.1 R

T 2008—2009 1 2009—2010 /INAE A K ZRTE 2007—2008 4EIRKI6 4 1 [F]— Hude b A7 & 61X 56 , 5
kg e = e il N2 U 27 22, 2007—2008 A K ZEIE 2 FBE TS, 20 IERE (R, Rotary tillage ) FITRHA +JiE
#E (RS, Rotary tillage after subsoiling) , 2008—2009 F12009—2010 A= 1 Z= () “ TEIA+HERE” Ab B FLIRAS , LIBF
G L — YR IRAABIEAE S5 X6 /N2 AR 7= 1 R K ) S35 M 1) JE 330, B AT Ml A

2008—2009 A K2 HRHHE TR TFIRE S N EEK (1), HBAFTREH 0—20 em L2 SA
MU 14.5 g/kg 4% 10.3 o/kg Fif# & 106. 81 mg/kg %M 35. 18 mg/kg FIHALAN 116.90 mg/kg, /NEE
BWIRIBE KR A A 13,8 mm B AR 46. 9 mm R EIFALH 53. 6 mm ST AEF A
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26.3 mm, FEFIETEEAGELEZ 105 kg, P,0, 150 kg, K,0 150 kg, #7545 23 T4 18 b 45 & 135 kg, 2008
4E10 A 8 B ,2009 4E 6 A 10 HIkKk

2009—2010 K75 BFPREE T R E 3 AN EHOK A FE (R 1), HBRAHREH 0—20 eom 2 EEH
ML 14. 8 ¢/kg 2% 10. 6 ¢/kg TR 104. 30 mg/kg  HAUHE 34. 55 mg/kg FIERLER 124.92 mg/ke, /N4
BHARIBEK D A A 48, 1 mm BEAC ER T 46, 1 mm 41 2L 27. 0 mm  JF A6 2 B
42.0 mm, FRAEHEH &5 2008—2009 A KA, 2009 4F 10 F 9 HH#EF,2010 46 H 17 HIGK,

PIAERK Z/ NN 4 mx4 m=16 m® ,/NX I 2 m SEORYP AT, BEPLIX A 1511, 3 IRE A ; DU 1
BT 180 ME/m’ 3 4% X Ml = HE A T FH [R) 45 2

x1 KSLEBEFR
Table 1 Water treatment design

Ay Qb H A5 % 7k it Target water content/%
Year Treatment &R Sowing/% A Wintering/% — $71 Jointing/ % JFAEHA Anthesis/ %
2008—2009 WO — - _ _
w1 80 80 75 75
w2 80 85 75 75
W3 85 80 75 75
W4 85 85 75 75
2009—2010 W0 — — — -
w3 85 85 75 75
W4 85 90 75 75

— ANHEAK ;IS E KBy 0—140 em LJEPHIE; WO F1 WO R RS TAMEAL I ; W1 AN £ 0—140 em )2 L HOARXT &K &
FEFIY 80% , MiA I 80% , KT FIFFAEI] 75% AL R ; W2 AN Z 0—140 cm +)2 H AN & K BB R 80% , MM 85% , &5 FIFF AL 75%
AbFR W3 S HNE 2 0—140 em 2 TIEAAXT KSR 85% A 80% 41T FIIFAEH] 75% Ab 31, W'3 AN 2 0—140 em 12)2 L HEAH
X KRG 85% , A 85% KT FIFTAES 75% AL FH; W4 SHAME £ 0—140 em + 2 H AT &K EREFN 90% , 844 85% 4k 15 AT
A6 759% Kb B

1.2 TEEHHERY
1.2.1 E+iEHE

A T KRS FF 4B 40 1A FH— Ui IR —ZS-180 IR SR AA DL 1 3 (TRFE 38 em) —BERFHLIT 4
T RUERF 2 3 (R 15 em) —FEHL 2 88— ST RE P TR,

1.2.2 Jig#f
B B REFT A BB BE I FH —> S0 I AE— HERHAIL R 4358 -+ b 1 AIER 2 3 (IR 15 em) — A Hb 2 3 —
FEFT LG b,

1.3 JEMOGE H AR FZE NS R A I

FHYE[E PP-System 23 F] ™ CIRAS-2 ADGAVEFNIE RS, 430 TR BEH P ISR J5 48 9.00—
11:00, F A ZROEI T @ b A s R Mz R

JEERH R [R] K 43 A 23 H it 7 28 15 I #E — 2 | n9 K B[R AE RS O, 2ok 3RoR, B LWUE=P /T, KX,
LWUE Al a] 7K 20 A FH % (mol CO,/mmol H,0) . P, Fl T. 43 5l A5G4 3 % ( umol CO,- m s FlIZE
[ 33 # (mmol H,0-m™s7") |
1.4 HHESKEME KK R

THEARFEKRT 2 d HHE5H0—200 em +JZHY T3, 55 20 em Jy— )2 B0 FE S S B ASR & PREEH 110
CHETZIEE FRTE, 715 0—200 em 122 BIEFTR S K R, FANERHEK RS A m=10pbH(B,-B;) 1T
B DR R H AR KR B ANE , 20 m WK (mm) |, H O BE A SR 2 B TR (A
140 em) ,pb AITRNRIEZE N IR E (g/em’) , B, BT BT 2 /K 5 ( HA]HRE K 62 3fe DAL T H A X 55K
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i) B AHEBEET IR E KR, KR RREK R, THEOKE 3d & 0—140 em 122 H 3V AAXS &
K,

PR K B P 6 R AN FEHE K, 2008—2009 A K2 IR +ERF FUIERE 5 2, 41 70 3 0 I I A2 1Y
A SFEARXS 5 K i A R 25 P MR (DA T FR A 4 0% 22 ) R AN 81430 0. 93% T 1. 45% , B A3 43 i Ry
1.24% F11.36% 35158150 5124 0. 80% F10. 94% , FF-ALHH 5371 4 1. 08% F10.56% ., 2009—2010 A=< Z  #&F
WIR PR R 22505000 0. 98% F110. 25% 5 M58 0. 38% F1 1. 44% ;3555535314 0. 65% F1 1.49% ; FF 1€
W10 1.78% F1 1.05% (2 2) ., 22 BHAREFE A I A 1 1 398 5 /K s b 7o v I, RE 6 28 81 BUA 111 H A

K,

2 FAELE0—140 cm TEMERSKEMTIERTSKE

Table 2 Target water content and relative water content in 0—140 cm soil layer of different treatments

Qb &Y Sowing #i43] Wintering YT Jointing FFAEW] Anthesis
Treatment TWC/% RWC/% RE/% TWC/% RWC/% RE/% TWC/% RWC/% RE/% TWC/% RWC/%  RE/%
2008—2009
TRFA+TERE w0 81.1 78.4 63.1 58.5
Rotary tillage w1 80 81.1 1.35 80 78.4  2.06 75 75.6  0.83 75 75.5 0.64
after subsoiling w2 80 81.1 1.35 85 85.5 0.54 75 74.5  0.66 75 75.2 0.24
w3 85 85.1 0.11 80 78.6 1.70 75 74.0  1.29 75 76.4 1.83
W4 85 85.8 0.90 85 85.6  0.66 75 74.7  0.41 75 73.8 1.59
TERE w0 81.5 78.4 62.4 58.2
Rotary tillage Wi 80 81.5 1.89 80 78.4  1.98 75 74.3 0.97 75 74.9 0.14
w2 80 81.5 1.89 85 85.8  0.88 75 75.5  0.64 75 74.4 0.79
W3 85 85.8 0.89 80 78.7 1.68 75 76.0  1.30 75 74.3 0.89
W4 85 85.9 1.11 85 85.8  0.91 75 74.4  0.85 75 75.3 0.40
2009—2010
TRFA+TERE w0 85.8 85.1 69.0 59.0
Rotary tillage w3 85 85.8 0.98 85 85.1 0.16 75 74.3  0.89 75 73.5 1.96
after subsoiling W4 85 85.8 0.98 90 89.5 0.60 75 74.7  0.41 75 76.2 1.59
TRt w0  85.2 85.8 68.8 60.7
Rotary tillage w3 85 85.2 0.25 85 85.8 0.93 75 75.9  1.17 75 75.6 0.81
w4 85 85.2 0.25 90 91.8 1.94 75 76.4  1.81 75 74.0 1.28

TWC. Hin & KE Target water content; RWC AHXT A KR Relative water content; RE ; #iX} %2 Relative error
1.5 ARHEFE/K G SO 53 FI 3R Ak 25 1A
SR SE 3 S K R AR K R T ET,, = 10 Y, yi Hi (61 —02) + M +PO+K (i = 1,2, -,
i=1

n) 2 ET,, A BRI K ;i W2 H 5 0 MEL2EGy, A B HETREH NS R LR 9,
6, 43 BIAE @ 2 3R Bew fnt BRI SK &, Db R E W E 080T M Rt BN HE K & Py AR
WKL K I B i T KRS B . ASIRIEHTIE 0—200 em 200 HHE S /K & Tz 5 X H T /K BVRTE 5
m LAF, B A 90 R KR A R 0,

KA R 2 HE R R 46 0B A R4 90 WUE = Y/ET, M F1IB = AY/1M° | b WUE S /K 43 F1) ] %
(kg-hm™-mm™) Y HAFRL =i (kg/hm® ) ,ET, Kp/N32 4 B WA SEFRFE/K & (mm ) |, BB BEAE K & 2 15 IB
FREBRAL RS (kg-hm ™ mm™" ) , AY AUEE S SN 7= (kg/hm?® ) 1 A SEPRHEZK B (mm)

1.6 TYRMESE

FkA GRE KT TSI TR Sh A PR A RORE , Hop AT 3 N B I R BOS AR B, TR 43
SRl i R RIS A 3 A B A kL i R ZEAT B AT + A 4 3R R T 80 CHt R E
LR, EARP IR,

B E TR R R iz i = JFEIAEAR T - A S R E T E
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BB ITTERTIE R 52 (% ) = (JFAEIRAR T B - B R B T8 )/ JTHE IR T8 X100
FRAC G RE P A KRR = BBGIIRR -5 FR e B TR AE AT I R R A s i
BRIV E I AL R R R AL AR S A BTRRCR (% ) = B IR E FRACRIIV i Rl Ak 5% 02 e/ iUk
BT HE X100
1.7 Bk E 5 587 ik
FH Microsoft Excel 2003 #X AR #4788 715 AVE R, FH DPS7. 05 GeitHr ik (o b A 75080 22 5 i B ARG 56
2 ZER551
2.1 ANEAEFERT R 0—200 em +)2 + 35 K =AY
FH & 1 ATAT,2008—2009 A= K2 | [ — /K A BRAA T, BERFAL B 0—200 em )2 19 35 /K & TR

+HEREALER A9 13.0% 16.4% 11.7% 11.1% F112.8% . TERAEFE 40—180 cm 4% 1 )2 13 Gk i 3
134 kE  Soil moisture content/%

0—20 +
20—40 +
40—60 -
60—80
80—100 -

100—120

120—140

+:)2 Soil layer/cm

140—160

160—180 |
TRAR +HERt

180—200 L

020 —— W0 I —a— W0
20—40 L —— W3 L —— W3
—A— W4 —&— W4

40—60 | F
60—80 |- L
80—100 |- L
100—120 | L

120—140 L

+:)2 Soil layer/cm

140—160 L L

160—180 |- i
180—200 | ERHA +iERE e

2009—20104: K=

E1 AELEMRAPELELESKENZN
Fig.1 Effect of different treatments on soil moisture content of different soil layer at maturity
WO FI W0 g REATAMEAL I ; W1 S AME 22 0—140 em )2 T 3EARXT K S HEFI I 80% , #6411 80% , 4R 15 FIFF AL 75% b3 ; W2 Sy #hil
% 0—140 cm +J7 HHARX SR EAFFIY 80% A1 85% 15 FITF AL 75% b HE ; W3 AN 22 0—140 om )2+ HEHX S /K S A b
H85% ,HEAII80% BT FITF AL 75% AL FE ; W'3 g #ME 2 0—140 cm +J2 +HEARXT S K EAF RN 85% , #A I 85% 4R 1 FIFFAEI 75%
AbB W4 SRR ZE 0—140 em 12)2 HIEARXS EK S RE R 90% , B4 85% 4K FIIFAEIN 75 % Ab Bl
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1R T U+ BERFAL B, F IR TRAABIEVEA FI T/ N2 TFAE 2 B BERHER 2 3K 4 I THFE , Bt 0—200 em +
JE I 5 5 KRR

A —HFHET T, WO b3 40—200 em #5120 -8 Bk A TR ALBE . RN +ERE 7 =0T, W3 Ab
HE 60—180 cm #5 + 2 M H LK EFMNT W4 LbFHE, 5 W1 Al W2 ZbBEIC W3 25 5 st X, w3 ab B
20—140 em £+ 200 FIESKREIET WA 403, 5 W1 FI W2 AR E LS, FRgsREY, 24 FH
KR L RF T/ NZE R S K LR 60— 140 em )2 13K A BITEFE , B TS KB R . 2009—
2010 A=K FERFALEE 0—200 em - JZ2 1) 435 E K i FETRFA +HEBRAL BE 451175 10. 2% 9. 4% F15. 9% ; 4540 B
+ KA a5 2008—2009 A= K FE—F,
2.2 OR[AIAE BN /INAZ AR S G %8 7% 1 o 3 R Ik (1] 7K A1) FH 238 1) 52 i)

M3 3 WTLAE Al — K b B R TR P + TR A B A T ' £ SR RTIBE [B] 7K 20 1) FH 3R 38 3 T e p b 34
FRIE R TC i 35 22 57, AR B TRAA A R /N 22 76 TSR A 15 w3 A T I 16 7 S 3R R B] 7K 43 1 %

[l —#HE X F ,2008—2009 Az 1< 2%, K AL B () ' G o 30 | 7% 1 S8t 23 L vl ik () 7K A1) FH 23 7 E 2 0
BIE T AN K AL P K Ab 3 2 (R L3R, 6 R 2R I R T I (8] 7K 43 R R R AE TS 0 0 R Wia > W3 >
W2 W1, 2009—2010 A2, W'3 Fl W'4 LbFRFE IR 006 2l 238 268 16 B R R 9k () K 40 R 358 5 T
W0 AbHE,W'3 5 W4 T FEER, FIRGIEEY W3 I W'3 A BAENS (R 5 WA S o & R 318
A e W R ] K o R 3

®3 FELEINEEMSESHFERZIE
Table 3 Effects of different treatments on flag leaf photosynthetic characteristic

pliE Bl 7R AR TR R 1K 53] H 2
b Photosynthetic rate Transpiration rate Leaf water use efficiency
o AR AT MO R M AR AR R
Initial Middle Late Initial Middle Late Initial Middle Late
filling filling filling filling filling filling filling filling filling
2008—2009
GRS+ HEBE WO 19.88h  15.45¢  6.38d 6.95b 6.04c 5.06d 2.86b 2.56¢ 1.26d
W1 25.20a 20.03b 8.50¢ 7.82a 7.07b 5.68¢ 3.22a 2.84b 1.50¢
w2 25.87a 20.58b 8.25¢ 8.06a 7.33ab 5.32¢ 3.21a 2.81b 1.55¢
w3 24.90a 22.80a 12.61b 8.03a 7.67a 6.38b 3.10a 2.97a 1.98b
w4 25.85a 23.17a 14.67a 8.16a 7.56a 6.75a 3.17a 3.06a 2.17a
A WO 17.07b 12.47¢ 4.67d 6.83b 5.86¢ 4.80d 2.50b 2.13¢ 0.97d
W1 20.98a 16.08hb 6.28¢ 7.51a 6.89b 5.35¢ 2.80a 2.33b 1.18¢
w2 21.37a 16.40b 6.27¢ 7.67a 7.06b 5.55¢ 2.79a 2.32b 1.13¢
W3 21.80a 18.00a 9.20b 7.89a 7.49a 6.26b 2.76a 2.40b 1.47b
W4 22.42a 18.77a 11.43a 7.84a 7.27ab 6.68a 2.86a 2.58a 1.71a
2009—2010
BAA+HERT w0 19.38b  13.95b  6.01b 6.99b 6.10b 4.37b 2.77b 2.29b 1.37b
W’'3 24.88a 20.95a 11.05a 7.94a 7.12a 6.46a 3.13a 2.9%4a 1.71a
Ww'4 24.76a 21.18a 10.90a 8.08a 7.17a 6.29a 3.07a 2.96a 1.73a
TR w0 17.05b 10.68hb 4.05b 6.55b 5.52b 4.15b 2.61b 1.94b 0.98b
W’'3 22.28a 18.08a 8.25a 7.68a 6.65a 6.14a 2.90a 2.72a 1.34a
W'4 22.38a 18.46a 8.53a 7.69a 6.60a 5.98a 2.91a 2.80a 1.43a

ISR NG TR ORTE R — R RN 225718 5% B35 KF

2.3 R[EAEFEXT/INAZ T AR R 5 4L ) 52 el
2.3.1 ARABRYTY IR R E

A 2 T AR Rl — K A B R A T , URAS + AR A B 1T T A6 AN R 9 4 5 A 3R 3 v T e E
Sb PR RGN R T B /N2 R 5 T AR Bt by 8 7 B Sl

] —#EE 20T ,2008—2009 A 4 2, 45 7K 43 Ak B 1) 4 Jo AR B o e A 3 0 W8 35 25 55 IR T IR W0
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W1 . W2>W3 W4, 8 W4 W3 W2>W1 WO ; FFEHE W4a>W3 W2 W1>WO0; Ul W3 Wa>W1 W2
>WO0, 2009—2010 A= K2 £ /K A B T4 B AR R i A IR o I 35 25 5 R T FIRCTT I W4 i3 T W3 Al
W0 AbFE FFAE ARG W3 AT W4 5T WO AL HE W3 5 W4 ZE e &2, L ESERRH W3 Al w3
b BRI Z T AR B A, 45T I 2 S5 34 T R A R A I R T K A R R R A = R B E T )
LA
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Fig.2 Effect of different treatments on dry matter accumulation amount in winter wheat
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2.3.2 BRI TYIRAEA RS E P i

4 AT LU Rl — KA b B PE T, TR + AR A B 2 9~ 0 S5 T £ 43 i BG 431 8 e
FEAL PR Z5FF + 55 + R 08 20 FC B BIIS T RE R AL B, 26 BHUERAN A AT T 9 B AR o BC , OB =8 B T i
S3He LB,

2008—2009 £ K75 ANHEKADFEAS T FRAS B 1 T4 B S AR T /K A B R R 1 43 BE L4612 1 E K
AR IS HIERRAAE T A T AR A 3 L B W3 T W4 3T W2 R W AR BE e AR A+
Foc TR LBy W1 W2 F1 W3 (5T W4 Zb3 ZEFF+ i+ 7 i i SRS L R WA SW3>W2 W,
TERFAAE R, I T 9 BAE R A e B W W2 AT W3 =T Wa 4B /0 EC EL i W1>W2 W3 >W4 ;78
T+ 5E P A BC A5 AL BT 0 3 22 S5 ZE AT+ H A + 0 o BE S LA BE EE R W s T W3 AR, W3 T
W2 Fl W1 Ab3, 2009—2010 A=K 2, W'3 B T 02 [n] A FIRE Al + 3505 14 23 B ek S G20 e L i s T W7
4 KRBT ZEFF+ I+ I S M IR T W4 b3 K] W3 W3 AR A TR T B AR
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SRR 53 T s TEL SRR AN K B W4 R W4 b3 O A T 20 T E SR AR
TIkekL ez
F 4 ARSI AT 9 RE A 55 b 4 B R

Table 4 Effects of different treatments on dry matter distribution in different organs at maturity

KL R +55158 ZERF - A
Qb M Grain Spike axis & glume Stem&sheath&leaf
Treatment Total/g K L) Kokt el Kokt L)
Amount/g Ratio/% Amount/g Ratio/% Amount/g Ratio/%

2008—2009

VRPN +TERE wo 2.48¢ 1.38¢c 55.8a 0.27c 11.0a 0.82d 33.2d
W1 2.69b 1.46b 54.2b 0.29ab 11.0a 0.93¢ 34.8¢c
w2 2.67b 1.46b 54.5b 0.30a 11.0a 0.92¢ 34.5¢
W3 2.91a 1.59a 54.7b 0.28b 9.6b 1.04b 35.7b
W4 3.09a 1.54a 49.8¢ 0.30a 9.8b 1.25a 40.4a

Jedk wo 2.20c 1.15¢ 52.3a 0.25a 11.2a 0.80d 36.5¢
W1 2.40b 1.26ab 52.4a 0.26a 10.9a 0.88¢ 36.7c
w2 2.39b 1.23b 51.4b 0.27a 11.4a 0.89¢ 37.2¢
w3 2.56a 1.31a 51.3b 0.26a 10.3b 0.98b 38.4b
w4 2.6la 1.16¢ 44.7c 0.27a 10.5b 1.17a 44.8a

2009—2010

TR+ bk wW'0 2.55b 1.47b 57.64a 0.27b 10.4a 0.82c 31.94c
wW’3 3.02a 1.70a 56.19b 0.30a 10. 0ab 1.02b 33.77b
w4 2.99a 1.53b 50.99¢ 0.28ab 9.4c¢ 1.19a 39.6la

A wW’0 2.26b 1.24b 54.69a 0.24b 10. 6a 0.78¢ 34.74c
w’3 2.65a 1.42a 53.56b 0.27a 10. 3ab 0.96b 36.19b
w4 2.67a 1.26b 47.06¢c 0.25ab 9.2¢ 1.17a 43.76a

[FIZ AR R NE TR R TER — A KN 225718 5% B KF

2.3.3 JFEEEFRGE T B S HXRRL TR 3
MRS LAE 6] — K AR AR TR +ERF 09 T AL 5 T s AR 3R 1 AT 4B 5 T4 o [m) Ak £ %
x5 AELENMERFERUYBSEEMREENZMN
Table 5 Effects of different treatments on photoassimilate translocation amount from vegetative organs to grain and its accumulation amount

after anthesis

FIRA BT AERT LS T — FFIESE T R R i EF A E AR
i i i R PIRBRIE ke i g R I R R TR
Kb e . Dry matter accumulation Y AR o A
Troatment Dry matter translocat%on amount after anthesis Cnn-trl?)ut?on of dry matter Cnntrlbun.on of dry matter
amount after anthesis N assimilation amount after translocation amount after
/(kg/hm?) / (kg/hm™) anthesis to grain/% anthesis to grain/%

2008—2009
AN+ HERE WO 2744b 4598d 62.6d 37.7a

W1 3011a 5966¢ 66.5¢c 33.5b

w2 2192¢ 6837b 75.7b 24.3c

W3 1381d 8160a 85.5a 14.5d

W4 2092¢ 6969b 76.9b 23.1c
TERE wo 3444a 3568d 50.9d 49.1a

W1 3458a 4369¢ 55.8¢ 44.2b

w2 3156b 5022b 61.4b 38.6¢

W3 2045¢ 6153a 75.1a 24.9d

w4 3007b 5230b 63.5b 36.5¢
2009—2010
TRFA+BER W0 2758a 4905¢ 64.0b 36.0a

W3 1978b 7808a 79.8a 20.2b

W4 1957b 7271b 78.8a 21.2b
TERE W0 3454a 3508b 50.4b 49.6a

W3 2306b 5956a 72.1a 27.9b

W4 2183b 5854a 72.8a 27.2b

[EIZ ARG NG TR R ORTE R — A KRN 225718 5% B KF
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L i 1 TR = T e AL B ;7 IR A B T AL M R AL e 38 I AL I R A P S X R R R 1
TURRCRAL T HENFAL BT, R IR = T IFAE G T4 R R B8 0, 38 in 7 kekr ok A FRAEJS T4 5 A Lo 3]
XS TR + HEAF AL BRARAS 2 7= ) A B LA

2008—2009 A K2, WO A1 W1 E IR 48 B LTI 8 R Ak ) iz 1 B R FERL I DR i 28 3 W2
W3 Fl W4 Ab3, W2 5 W4 Z B2 HET W3 A8, W3 FFAEG T-9 5 fR B S O FRR 14 BT k%
R THABALE, W4 5 W2 Z a2, m T W1 Al Wo 4B, 2009—2010 4= K2 & S5 48 B T AE AT
5% [F] Ak 400785 3 B e AR BTy WOSW'3 W' TFAE IS T4 5t [R) b 5 SRR Y BTk W4 W3
>W'0, R4 F KA R T/NEZ AL AR SR 4 B 0 R mke b th 532 R T 1E )5 [F4E
YT BR RN GE . AR BEAE RGP0 A3 T B T A6 ] - AR X 5 K 430k 85% (80% \75% \75%
(W3) H185% 85% 75% 75% (W'3) 2440 T , /INE T AL I TRl 0 FH 225 A e A ks p 0§ 32 0 K, B R
R
2.4 N[ Ab BEGEATAL ™ i FH K 23 ) FH 2 A5 Ml

H3 6 nTLUE H AHEKSAE T REA+TERE 0 /K 43 R R RAK T e Bk A B8 VE K 2514 T, TR + BBk 7K 43
PR S THEFHE R, W — KA BRAR AT  TRAA + R ARk ™ i RV A 45 25 5 T HERF AL 2, R 1a IR
FAXT/NZZ 8k 2a {15 RE B 4 i HOK A R R

R6 AREIALIEX TR~ F K 5T E M0

Table 6 Effects of different treatments on grain yield and water use efficiency

e ﬂjﬂf\‘/ﬁi sz*%/ki 7J<6M‘W% E&W@i .
Treatment Grain yield Water consumption Water use efficiency Irrigation benefit
/(kg/hm?) amount/ mm /(kg-hm™-mm™") /(kg-hm™?-mm™)
2008—2009
NS +ITERE WO 7341.4c¢ 379.6d 19.3b
w1 8877.1b 448.7¢ 19. 8ab 18.8a
w2 8928.7h 462.3b 19.3b 14.6b
W3 9541.0a 476.5b 20.0a 18.9a
W4 9160. 6ab 483.6a 18.9¢ 12.7¢
Tk WO 7011. 6¢ 356.6d 19.7a
W1 7627.3b 401. 8¢ 19.0b 9.9h
w2 7762.7b 420.4b 18.5¢ 8.5¢
W3 8197.6a 424.8b 19.3ab 12.7a
W4 8037.6a 441.6a 18.2¢ 7.9d
2009—2010
AR+ IERE w0 7663. 4c 396.7¢ 19.3b
w3 9786. 8a 466. 0b 21.0a 21.4a
W4 9259.3h 479.8a 19.3b 11.1b
TRk w0 6962.2¢ 351.9¢ 19.8b
w3 8262. 1a 406.7b 20.3a 14.4a
W4 7936. 6ab 426.2a 18. 6¢ 7.7b

RIS G NG TR R ORTE R — A KR N 225718 5% RE K

2008—2009 4= K2 W3 FFR B T W2 W1 F1 WO, 5 W4 A0 3525 5 KA T W2 fil
W4, 5 W1 AFETC 035 22 5  VEMR AL S TR RN +ERE 51 T o0 W3 W1>W2>W4  FERERF & 1F T W3>W1>W2
>W4, 2009—2010 4= K25 W'3 FUREIESES T W' 3R KA RIS T W4 F1 W0 2B KR &1
TRRA+TERE S T WI3SW4SW'0  FETERFSE T W3 W/4>W'0, KB W3 FIl W'3 Kb B 7E P 4F i 43 5] 4%
75 1R PO RTRE = i R R 55 25 B 85 s R 7K o R R

PIAEFESE SR RS+ TR A5 1 T R B4 31 3 PR 0—140 em )2 HHEMIXT 5K 53
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WIEAE] 85% 80% 75% 75% 1) W3 REFRF1 85% 85% 75% 75% W] W'3 AL FHAFR: 7 ALK 43 F FH R 45 v
TSk 25 0 T A A B SR PR K R A G B A B BA I FE RS R FEME K B A W4 R W4 AR BEAR
FE/K 12t b 25 7K 0 R R R IR BRI
3 itig

HIACR T SR 0 7 %/ INZE T 7K 7™ A K OOBCRIE K B A T B 2 P, Fededbs = 42 X B
2 K, BEHK 75 mm, AN PR AN 7716.7 kg/hm® KA IR M 15.9 kg-hm ™ mm ™" | JE A AOTE KA
FERIRT S RIFAEI K 75 mm , i o8 AT ik 8240 kg/hm® , K3 FIHZEA 17.43 kg+hm > mm™ 2 HHF5E
FEU BT RN il B B U K 60 mm, 4% /N ZZ FF R i AT 3E 8139. 6 kg/hm®, K A Kl FH Rl 17.6
kg+hm ™ -mm™ " AR FHI AN 4 5 15 A T + E B RIE B RO £ D 3R A 45 SR 2 BT, 2008—2009
K ZE (NFEE B AR K & 140. 6 mm) FMEEK &N 116. 6 mm, ¥k &R 9541. 0 keg/hm?* , /K43 FI FH R Ny
20. 0 kg-hm™mm™ ;2009—2010 A=+ & (/N2 A= B IR K it 163. 2 mm) #MEK R 111. 3 mm, KPR 5 0
9786. 8 kg/hm* , /K> FI %K 21. 0 kg-hm > mm™" , PiAE K 4440 B K B 28T 150 mm, R ™ 5k
7627.3—9786. 8 kg/hm® , 7K 73 FI FH#3k 18.2—21. 0 kg-hm ™ mm™" | i A I 355 £ A0 A [ RAE 7 20 F REAS S2
WK EH AR

T BERIE K B R i (0 AR A s H v TR )2 2 3K A3 4 AR P R R AT B K 0 AR R R I AL
RO D HFRENS AR /N AR R T A R A KR E AR S A e B, i AR R SRR B N
SEMEMIR R R T TREASBRE XS IR 7K (08 55 BE 13000, , RERS B2 50 - EMR R 06 7, IR AR HEAR 2 5% - ek 4 1Y
IR AR FEAAET TR HERE AT LIRS P4 /N AR R I AL, 5 R 3R 2 & FIRHL, )
AR 2 m, A RT3 LK R ROR A Lin 25728 BF 5208 2 0, 70 2 A H RERS fE /N 22 AR &
XF K A3 AR, AR I 438 S K it 48 i K A R, A TR+ BERE 07 =R 1 W3 W
3 A PRAL A 40—180 em )2 A3 S K AR T HERF 72U A AL B 3 156 B 92 A 3O A 2 R XS 4
HOK M FERL o AR 2 A IR /NS FETK e 22 A B /N A2 0 - S K T AR o v, AR TR AR
7K AR

ANTRIBEE AR 15 it 3 o e s 2 R K R B R/ NE TR R R T o /NS R e p i s 2 &
-T2 AR SRR RE T R, AR T /NEZ AR R T RARHHE /N AL S5 1 gkt 1 BRURIEE i
W B 7K 53 PR3 5 3 T VR RER R I i B A /e 00 B T /e WA T iR R i A R TR = 1
FeRi= ORI TN A R T R R | A e A B K A8 B i, A R
T RE ARG 2 AR R IGRAR RS A EITAE HhS Bit T K R R K ORI N, R AL AT T I 1) R
R Ia 2 s i MO FERL R R STER R IR . AR 92 45 S R W] RN A R T i H 4B 5 T 9 i i
R ACA TR FERL AT, SEIA + HER AL BT A6 J5 90 o B B8 i X AT B4 Bk % i T e RE AL B, X/
ERRFI] A AT IR AEII B 0—140 em 42 H3EARXS S K BEUEAT IR, 2 IR AR X 5 K R kA
AN | Bl A ANEE K SR BT A A T AR R RN, 5 A AL A LA TR + R AR T
W3 Fl W'3 Ab P45 B A I ) 1 K Bl B, B T AR S R 0 A= 5 e D0 R ) R AL R Y B L
B, A5 R F 3G UL E | 3R AL BEARAS 5 7 1 A LA

AGRE T TE La TRAAFERN 2L 3a BERE T, 75 FP 0 B0 S I ANFF 4B 0—140em + 2734+ 540
Xtk B, AE 2008—2009 A= K2435k 85% 80% 75% Fl 75% , 2009—2010 =K Z5°N 85% 85% .75% H
75% VEBR K FH S BAIG, PR FUK S R R 1 7K s = i e A
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