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W OEAEREFHHERG AR SLET, AR X, R B R (350,450,650 mm) 4 £ 4 4 F # 4
#E(0,56.3,78.1,100 mm) N &AL I8 R R T AR LR F At E XA NE B EM R KA B,
HEREW EAAELMT,0~200 cm £33 4 UK B & KR A E N 42.6% ~74.2%, 3£ 4 0~50 ecm K 92.2% ~
123.4%,50 cm DL T % 53.9% ~65.3% , 6t R F2| A /N ZdfE, MAEAEENE I, 5 F KEH 0~200 cm £ EH K
B R e, & P KRS B A (R3)0~200 em 4 3% & 3 | H %= 4 5 ttfﬁ&;%l%(fﬂ) ¥ 4.3% 37.2% .
15% ;% LERURBAARERRKT A ELE, LANEZEREKMBERERKERATAHEA KN, HEEH
KEEFHE  MEANZEFTHNES, L EEEBERNE BB EL KERET BRGAMEER", KM
MHANZEFERAEMKR AKSPFRAREALEDH, MAEREE o, 8 R BRI A, R H &K i
FEHA BERARE, REBG R A BF & KIERE 70.9% ~ 108.5% ,389.7% ~ 402.7%., % & 5
e AR R T K 2 R SR B A 1.7% ~ 1.8% , F 8 JR I 09 K 0 A R CF PR 1K 0.7% ~ 14.2% , B e, 3 0 6 3 % 1R IE
TEFTERANZRT GFENXEIE T ES L EARRBEAEZREWENELEX R,

IR AN R AN E TR E A BUR AR 35k oA AR
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Effects of soil moisture storage at planting and supplementary
irrigation on winter wheat yield and water use

XU Weina'*, YANG Baoping'*, NIE Junfeng'” ,DING Ruixia'*, YANG Wanzhong'*,
HAN Qingfang'*, WANG Junpeng'*, ZHANG Peng"?, HAN Wenting', JIA Zhikuan'"
(1. The Institute of Water-saving Agriculture in Arid Areas of China, Northwest A&F University ,
Yangling , Shaanxi 712100, China; 2. Key Laboratory of Crop Physi-ecology and Tillage Sicence in Northwest
Loess Plateaw, Minister of Agriculture and Rural Affairs, Northwest A&F University, Yangling, Shaanxi 712100, China;
3. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; A 2-yr experiment was conducted in a mobile rain-proof shed using a split-plot design that included
three soil moisture storage at planting (SMSp, 350, 450 mm and 650 mm) as main plot treatment and four supple-
mental water during the growing period (0, 56.3, 78.1, 100 mm) as split-plot treatment. The results showed that
under no supplemental water, the maximum utilization rate of available soil moisture storage at planting (SMSp) in
the 0~200 cm soil profile was from 42.6% to 74.2% by the end of heading. The utilization rate was from 92.2% to
123.4% in the 0~50 cm soil profile, and from 53.9% to 65.3% in the 50 cm below. With increasing supplemental
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water, the utilization rate of available SMSp (Re¢) in the 0~200 cm soil profile in 350, 450 mm and 650 mm SMSp
increased. Re with 100 mm supplemental water in the 0~200 c¢m soil profile increased by 7.5%, 37.2% and 4.3%
in 350, 450 mm and 650 mm SMSp respectively than 56.3 mm supplemental water. With the development of winter
wheat growth period, especially at reproductive growth stage, deep soil water storage played a positive compensation
role. In the 0~200 cm soil profile, Re decreased not only with the deepening soil, but also increased with increas-
ing SMSp. Rc in the upper soil profile at planting-heading stage was higher than at heading-maturing stage, but Rc
in the deeper soil profile was opposite. SMSp significantly affected winter wheat yield and its composition and water
use efficiency. With the increase of water supply, the yield and yield components increased, and the worse the
SMSp. The difference was not significant. The effect of low SMSp to yield was higher 70.9% ~108.5% and 389.7%
~402.7% middle and high SMSp, respectively. With the increase of SMSp, the water use efficiency of low SMSp
increased 1.7% ~1.8%, while the water use efficiency of medium and high SMSp decreased 0.7% ~14.2%. SMSp
was essential to ensure winter wheat grain yield on the Loess Plateau of China. Grain yield and the amount of con-
sumed available SMSp had obvious nonlinear relationship.

Keywords: winter wheat ( Triticum aestivum 1..) ; soil moisture storage at planting( SMSp) ; supplemental wa-

ter; grain yield; utilization rate of available SMSp (Rc) ; water use efficiency

Bl TSR0 B R 2 2 Y A R RN T
K Al KRB = ()8 H 25, TRET5R
X2 LR Ry R SR AL X, B AR B K A AR B
Wesh K Z o A AN 3450 AR AR 2 BRI T K
SREIK T KA RE K XA 4 1) 7K 43 Bt Ry SR AR R
TR, B, WRAFEK - - 5K -1EY 6 36
RGBS LS & % X I 3K RE K
RE A5 B I K AR 7 i B R e R % -2
KT FIHEA T EEAE L, &/NEIRIN
BIEAE T 522 5 X R 0, G 3 T K
(R ) J& 4 /INEE A K B = T ) T KR
U] A BRI A BR A0 Al 7K B I, 5 i 7k o 1 3k
REZIAE W R, X N Y e
A BEZW I REGMI et al™ BFFE R, 5
SRR AT HEZA /NFE 225 mm 17K 4, I BE AR B
T, 0~200 cm TEZARUEH ST 270~320 mm B,
0~200 cm A R I RBEK N 72% , AT 25 /)N
Ry 200 mm BK G, I BEARFF B S 11
FRAEFRIX T A SRR AR SRR A HLY
VRE TR A 2 /N2 I 1) R SRS 15 i A3 R I R
T, HUAERIWESE 2% IR sl K & — A+
SHEY A K R B RRE A b B R i 85 AR
JEE S R 7K B 22 ) B MR LG R VR AR BE A T IR A
WFFE, Rk, A 5% 76 K AL B TR o 2k 10 R, IR
ANTR)JECHE FIAE A o RS HEBF 9K o S 128 Ak
Xt A/ INZE R HE K REAE AN = 2 (R S M), DA Ry B X
2 R 7K G R A A5 BRI RIS K R AR | K A e 4
isZiioe = 2

1 ARSI

1.1 RE R AR it

I T 2013—2015 4E7E P AL AR AP H K2 5
DX K AR A 53 5 R AR 4 K s 5 37 J 1A
KBTI #1720 TREPIAS % (34°18'N
108°04'E) , T4k 25 B 466.7 m , J@ BB IR A 2 10 1 5 2
A RIS A I A AR AL LR 1, /N X AR
476.7 m*(3.15 mx2.13 m) 7K VM, iR 3 m, B
PUSE A 17 em JEK VRS, T LAB 1k 7K 53 7K 58 4
40 2.5 m R UK A (R ) )R
WA, MURHBEAIEZ (0.5 m JEVFHLG 1) fiHE
KA, AR R UK, 38 W S5 3500, 447 B i K i
Ao 0~60 cm 12 HIEFERIFE A0 2,

YR - M X B, 2 WER, I
(SMSp) 2k FE X AP, 5 3 A~ KT (0~200 em +
2), 505920 350 450 650 mm , BI7E4E4E A FLA
43 IHEE 100,200,350 mm, PEAT A T8 55, 7 A AT
TN 0 o 3 2 00 T IR . AR T () R
i (R) HEIXAEE, 15 4 M 0.0 mm (RO) \56.3
mm (R1).78.1 mm (R2) .100.0 mm (R3), HA&%}
W LR 3, KSR I N RN X L A 4 A4S
T DR R A7 389 50 1 T DR, LA D TS i AR A

DA/ KR 587 (A AME R b 3%, [ i
i) AR (FERAEY) ) IR R e TR SR A 5T
ARE, IREHR ARG, TR 10 A b AR,
&R R 135 kg - hm™ 478 25 em, N T GHE,
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Table 1 Weather data change from 2013 to 2015
2013-2014 2014-2015
A Rad Rad
T T, pn T T. Pn
Month — max min s OMT - m2 max min oM - 2
/C /C ( J,lm /mm /C /C ( J,lm /mm
-d™h) ~d7)
7H
July 36.6 18.2 16.4 108.9 39.8 19.1 24.1 22.9
8 A
37.5 159 18.5 32.0 36.0 15.1 16.5 108.6
Aug.
9H
. 26.8 16.6 13.7 68.4 22.8 15.8 11.0 215.1
Sept.
1(?0? 30.4 4.7 11.3 33.7 20.1 10.3 10.5 55.9
1A 209 -5.3 8.2 16.0 11.6 2.7 8.6 21.9
Nov.
127 14.3 -9.5 8.2 0.0 6.0 -3.8 11.5 0.2
Dec.
1A 10.0 -7.0 9.7 0.0 5.5 -33 8.0 6.4
Jan.
2R 18.2 -6.7 6.8 28.0 8.9 -1.1 11.1 1.9
Feb.
3A
25.5 -0.7 14.1 28.7 14.1 5.0 13.0 55.1
Mar.
41
269 53 14.3 142.0 20.4 9.2 17.0 119.6
Apr.
5H
32.1 5.1 20.0 38.4 26.8 14.3 19.6 31.6
May
6 A
34.0 16 20.1 51.3 28.0 18.1 16.3 107.1
June

T T, MR T, AL s Rad 2 K BHAR 5 5 P 4 B
M,
Note: T, .. is max temperature; T . is min temperature; Rad is

solar radiation; Pn is precipitation.

BRI 1.5 em TR 5~7 em , 375 RS RG-S, #) T
JE SRR, W e e, TRF e H L
Gl e
1.2 MEIBFHRRAZE
/N IR — KA RERE 15 d I 45 Ak 3
/NX0~200 em 2R HHEEKE, 0~30 em HH
FH A AEE A HE T 2500 72 , 40 ~ 200 em ] TDR ( £ [
IMKO 7Z3#] TRIME-FM) lll5€ , 10 em K—[aIBgE
BG4 DX 7 | B B B 102ty 30 Bk
IINFEH I AT = N SR R A AT

TR K
W= W,xD,xH, x 10/100 (1)

AP, WO EHEEKE mm, W, N R RS
K, %D, N i R HIRETE ¢ - cm 7 H, N i 2
+ZEE,em"
YEVIFEIK 12
ET=R + AW (2)
K ET AEY AT HNFEK S, mm;R AT
AN 2, mm; AW SN RERT I S5 IR BI 0 ~ 200 em
HIEEKEZE mm
T AU K .
Ac=W, - W, (3)
Kb Ac A HIEARURE KT mm; W, /NS
—EF I AR I Y HEE K & mm; W, /NE
AR A B I AI A A9 - B K mm

F2 HiltEEMFS

Table 2 Basic nutrients of tested soil

TR AL B U R AW A
Soil dz Thj Organic matter Total N Available N Available P Available K pH
01 € cm
P /(g ke") /(g kg'") /(mg - kg™") /(mg - kg™") /(mg - kg™")
0~20 10.004 0.728 54.061 9.388 130.124 8.38
20~40 9.158 0.707 43.146 8.719 125.121 8.26
40~ 60 7.088 0.687 37.706 7.602 116.153 8.15
*3 WMEAFER/mm KA F FERG
Table 3 Supplemental water scheme WUE = GY/ET (5)

AL Rl AR WA it
Supplemental ~ Jointing Heading Filling  Total irrigation
water stage stage stage amount
RO 0.0 0.0 0.0 0.0
R1 18.8 12.5 25.0 56.3
R2 21.8 18.8 37.5 78.1
R3 25.0 25.0 50.0 100.0

ARSI A BN
Re = ¢ < 1000 (4)
SW

X, Re A SR 8 R 5, % SW o A7 3R

B mm

K, WUE =K FIHRCE kg - hm™ - mm ™'
GY AYEYFRIF 5 kg « hm >,
1.3 HiESH

RIS B8 R 1 SPSS 17.0 #E47 75 22 (ANOVA)
30T, R A LSD YA AT 2 PR

2 gER 5T

2.1 JRIGFIAMES T IR RS
2.1.1 A EAzURBARE  hFE 400 WE
WGTLs T34 F B 76 AN R E 25 10T il R 30 %) 386 0m
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oNELAET I REAUKER N, AHNE(RO) &
FF,0~200 em +2HBURTTF RN T 41.9% ~
73.4% A, Horp EJ2 0~50 em AR AR A
F89.0% ~ 123.6% Z [A], 1 )2 50 ~ 100 cm A RUK
FIHEAN T 50.1% ~78.1% 2 ], F 2 100 ~200 cm
R A RN T 2.5% ~54.3% 22 [0, A WIS
JEHIER, TR E (0~50 em) JEEHF R B2 K
TWIZER A,

Bt A R SN AR LRI AN R
B 0~200 em 247 R0 LK 5 FIAT R0 3 A
FHERREN AR I A (R3) R A kb
HE(R2) A RO 5 A 243 535 6.0% .26.0% |
3.0% , i AMEE (R2) FAK AN (R1) A 80U 3 A
FHSRA3 BT 4.0% 37.4% (P<0.05) 1.3%, L2
0~50 em A B FIH N 68.6% ~93.9% ; )2 50
~100 em A ZEF A FHR N 20.4% ~97.8%; F)Z
100~200 em ARUEH AR 2.0% ~61.6% , 1] I,
FRARURR R R s, HRGE T, 100 em L)

TR, PR AE R RN, B IR RS 0, 4>
AR HOKER I, oK S L, 52 (0~
50 em) fE7K i AR Z K B E W 15 %
JEHK & 40.0% L BEE IS 3G, Ve B oK &
He s R E K & g N, 50 em LR 2
K W E WD, & R 7.1% ~36.3% , i 4
R Z RS I A w0 A AR Ky, KL R o b 2R
100 em VLR 42 )2 09 RO 55 F) FH 2 TE 6.7% LA
T IR UL R 2 I J LTI A A NZ TR A

2.1.2 REMERREERAZE[AAE WNES
FIHL, A /N A7 AN ) A 8 00 0 4 0 FH 3 0 I 2 5
A A S A, ASFMEE AL 2 458 2 (0~50 cm)
AR 305 YITE 62.8% V) I, HIR B/
LR 28R 5 B T RIS ) 100 em DLRIRHE
JUT-BA BRI AL, K 145 2 R 945 8] T
e R T2 (100~ 200 em) A SUE I )
FHZRATYIR 39.1% ; A~ + )26 80 56 A % 5 e h
AR —, B ANE SRR A% PR L2

R4 BYEBHAE(om) MERERBR AR (%)
Table 4  Amount of consumed available SMSp and consumption ratio of available SMSp
+J2 Soil layer/cm

RN A 0~200 0~30 50~ 100 100~200
Year  SMSp  Treatment gy Ac Re Ac Re Ra Ac Re Ra Ac Re Ra
/mm /mm /% /mm /mm /% /mm /mm /% /mm /mm /%

RO 73.9¢ 424c 57.4b 35.6de 123.6a 84.0a 4.8f 54.3h 11.3¢ 2.0d 3.8d 4.7d

{fﬁ[ihﬁ R1 74.2¢ 31.6c 42.6d 23.5f 79.1d 74.4bc 5.8ef 61.8f 18.4bc 2.3d 4.5d 7.3cd

R2 73.8¢ 32.3¢ 43.8¢ 23.7f 81.9d 73.4bc 6.0ef 67.7e 18.6bc 2.6d 4.9d 8.0cd

R3 74.2¢ 33.6¢ 45.3c 24.3f 839d  72.3bc 6.5ef 71.2e 19.3be 2.8d 5.2d 8.3cd
i RO 160.2b 69.7b 43.5¢ 40.5¢ 92.9b 58.1d 15.6d 55.3h 224a 13.6b 12.4¢ 19.5b

2013— Miil(j Rl 161.3b 43.2¢ 26.8f 32.7e 72.3e 75.7bc 7.2ef 23.8k 16.7bc 33d 3.5d 7.6cd
2014 SMSp R2 160.3b 48.6bc  30.3ef 35.6de 82.2d  73.5bc 7.8ef 30.4g 15.9bc 5.2d 5.8d 10.6¢
R3 160.1b 55.1be  34.4de 38.8cd 932b  704c 10.2e 40.51 18.5be 6.1cd 6.7d 11.1c

RO 347.6a  255.0a 73.4a 118.2a 92.4b 46.4e 51.0¢ 78.1d 20.0abc  85.8b 54.3b 33.6a

SMSp

'%.Ij—lrihhﬁ R1 3457a  261.0a 75.4a 117.2a 939b  44.9e 56.8b 86.2c 21.8ab 87.1b 53.9b 32.8a

SMSp R2 3485a  263.7a 75.7a 112.7ab 90.1b 427 58.5ab  91.8b 22.2a 92.5a 57.1ab  35.1a

R3 346.7a  269.3a 71.8a 110.8b 87.5bc  4l.le 61.4a 97.8a 22.8a 97.1a 61.6a 36.1a

(i RO 74.2¢ 40.8¢ 55.0b 34.6de  118.1a 84.8a 4.3d 50.1h 10.5¢cb 1.9d 2.5d 4.7d

‘Ifw & Rl 73.9¢ 29.4¢ 39.8d 2.1f 74.7d 75.2bc 5.2d 60.4ef  17.7bc 2.1d 2.8d 7.1ced

SMSp R2 74.2¢ 30.9¢ 41.6¢ 22.8f 78.2d 73.8ch 5.8d 63.5e 18.8bc 2.3d 3.3d 74cd

R3 74.0c 32.0¢ 43.2¢ 23.1f 80.7d  72.2bc 6.3d 67.8e 19.7b 2.6d 4.1d 8.1cd

RO 159.8b 66.9b 41.9¢ 39.2¢ 89.5b 58.6d 14.8¢ 52.4h 22.1a 12.9¢ 10.8¢ 19.3b

2014— ;f/[jl}if R1 160.3b 36.4c 227t 28.7e 68.6e 78.8bc 5.0d 20.4k 13.7¢ 2.7d 2.0d 74cd
2015 SMSp R2 161.1b 45.6bc  28.3ef 34.3de 793d  75.2be 6.7d 26.8¢ 14.7¢ 4.6d 4.0d 10.1c
R3 160.9b 53.5be  33.3e 37.8cd 89.4b 70.7¢ 9.8cd 36.8i 18.3b 5.9d 5.3d 11.0¢

o RO 3474a  245.8a 70.8a 113.5a 80.0b  46.2¢ 48.7b 75.7d 19.8b 83.6b 49.8b 34.0a
'%},EE% R1 347.6a  250.0a 71.9a 112.2a 809b 449 53.5b 79.6¢ 21.4ab 84.3b 52.0b 33.7a
g;lgsl; R2 346.5a  258.3a 74.5a 110.6ab 85.7bc  42.8e 56.8ab 88.5ab  22.0a 90.9a 54.6a 35.2a

R3 348.1a  265.5a 76.3a 108.8b 85.4bc  41.0e 60.5a 93.9a 22.8a 96.2a 58.4a 36.2a

T SW A BURH , Ac FARURHIHLK AL, Re A SURIFI % Ra AANTF 215 0~200 em AU F ALK 21 1L H], RPN FRER
TN [ PR A A Ak B2 ) 22 5 W 2 (P<0.05)

Note: SW is the available soil moisture storage at planting, Ac is the water supply of available SMSp, Rc is the utilization rate of available SMSp, and

Ra is the ratio of different soil layer to total Ac in the 0~200 cm layer. Different lowercase letters indicate significant differences between different soil

moisture supplementary irrigation treatments ( P<0.05).
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Table 5 Amount of consumed SWSp at different growth stages

SEAy JEEHS RbER &R ~ Sowing to heading A ~ sk Heading to maturity

Year SMSp Treatment 0~50 50~ 100 100~200 0~200 0~50 50~ 100 100~ 200 0~200
RO 83.3a 43.8b 4.8b 32.1b 40.1a 12.4d 0.5¢ 13.5b

RIS R1 65.9a 22.0d 3.2b 24.1bc 12.9d 39.6a 0.9¢ 8.3¢

Low SMSp R2 73.8a 23.6d 3.5¢ 26.5bc 7.8d 43.8a I.1c 7.1c

R3 81.9a 25.0d 3.7¢ 29.1b 1.8e 45.7a 1.2¢ 5.7¢

RO 67.5b 34.1c 5.4b 28.4b 25.1b 21.1d 6.8b 14.2h

R R1 54.8¢ 18.4d 1.2d 16.9¢ 17.1c 5.1e 2.1c 7.7¢

2013 — 2014 .

Middle SMSp R2 68.6b 17.8d 2.9¢ 16.3¢ 13.2¢d 11.9e 2.5¢ 13.1be

R3 81.0a 16.9d 3.5¢ 15.4¢ 11.7d 23.2d 3.0c 15.8b

RO 67.3b 63.2a 40.1a 54.2a 24.9h 14.7d 13.5a 17.9a

EERs R1 64.6b 67.9a 39.6a 53.7a 29.1b 18.0d 14.1a 20.2a

High SMSp R2 62.6b 64.9a 40.6a 52.8a 27.3b 26.6¢ 16.3a 22.1a

R3 61.2b 61.3b 42.7a 52.8a 25.8b 36.2ab 18.5a 24.3a

RO 86.9a 45.9h 5.1b 35.5b 42.5a 13.5d 0.7¢ 14.9h

B4 R1 64.9a 20.0d 3.9b 24.9bc 15.7d 42.5a 1.1c 9.5¢
Low SMSp R2 74.8a 25.3d 3.6¢ 28.5bc 8.8d 46.9a 1.3¢ 8.5be

R3 83.2a 28.0d 3.9¢ 30.8b 2.0e 48.1a 1.5¢ 5.9¢

RO 63.2b 35.1¢ 5.2b 29.6b 20.9b 23.5b 5.5b 13.0b

R R1 57.5¢ 21.7d 1.2d 19.8¢ 18.2¢ 8.2¢ 2.3¢ 9.8¢

2014 — 2015 . -

Middle SMSp R2 58.6b 11.1d 2.0c 13.1c 14.8cd 10.5¢ 2.8¢ 12.5bc

R3 80.2 27.5d 3.7¢ 12.5¢ 10.5d 20.7d 3.9¢ 14.8b

RO 62.8b 59.6a 38.1a 50.2a 20.2b 11.5d 10.9a 15.6a

[l R1 59.2b 59.9a 34.4a 50.4a 19.2b 19.5b 10.8a 15.6a

High SMSp R2 56.4b 54.9a 35.9a 54.5a 16.3b 20.6¢ 14.7a 20.3a

R3 54.4b 54.8b 35.1a 52.3a 21.6¢ 27.2ab 15.5a 16.9a

A BRI A FH 2T 5 = IS 2 A ORI %
REARR , ELVE g /N ORI 3l b AR PR
0~50 cm + )2 EEANE (R3) Ho AP &4 ME (R2) HRL
TR R4 BB 11.19% 81 26.7% ( P<0.05) ,
HAMIE (R2) AR EEAMNEE (R1) A RUR S F 23253 5]
1IN 13.6%F1 13.3% ( P<0.05) ; & IS 0~ 50 em +
JZ A (R3) He P kN (R2) A SUR S AR
> 2.9% , PN (R2) HLARRANEE (R1) A 30U
WA IR 3.6% o

AFH R 2] B A R RN E A BT A RO B it
K22 PR K A3 A JE 1T B 8, 0~ 50 em A ALK
BRI AN 20.2% ~42.5% , 5 SR 254 #a i — 3
HIZR R AL B ANATE 6.8% LR /N EE KR
9 LA v VS 3 A B 1 /N2 AT 8K vT LA 43 A 100 ~
200 cm (KA, BEE #MES= RO, 1)2A SUEH
FIFREEA, T2 AR )2 B9 A RO 3 F) R 38 i, 5
IS AR RE B A 2 A SUR T A R 5
bk —3, Hr AR A =K 100~200 em +
JZ AN (R3) e NE (R2) A SUR R4
SN 12.5% 30.2% 9.7% , T EANIE (R2) HUAR A MNEE
(R1) A UESRA RS2 I 20.0% 20.5% 24.5%
213 XD EHEKREHEETEFR EWFEK
R H AR #EE A R K = P

TAEHRR AR, P e PIAEDT SRS SRR, &
SRR AR B W S e A /N AR KR JEE (&
1) o SCHIET, TRV R B B, R o1
THIHRER , 78 K ) F 208 R E K, TR K IR
o RO HIANE S | BRI A Ak P AR K TR 22
S E . TEARIESRMET, T EFE K 100 ~
160 em )2 MAEAMESFME T, LIEFEK R E B,
FINE B, SRR R TR O Al AR RN E S
HES TP 0] 25 b PR SRR K TR 22 57 W . TE AN #b
FAKGIE LT, HIEAE KRR A KA fe, +
BOKF AP m, T TR, #h AL
PR TBORBIVEIRER . S 1 AR XKy
RAGIE B FERK TP 0K, M A FMIE 1Y
FEAKTRBEMNTR . WS IAHMIE ST | 3 ] 1 38 FE K
TREEARSE G AN, AR IS 3 A FE K TR B A2 e, vh o
TR S RS SR - AR AR 5 K B 2 TR AN 1 3
THEZF| 200 em HEYEIEEIE K, & J2 A K53 TH
FE , AIPE 39 A B 1T FINSCER B0 - S AR AR K i 22 ]
M EFIFEF 70 em +EABKEIEE 7 70 cm UL
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HH R 6 AT, PAESE SRR BT, AN [R)JECH A o
SEFRR ANAE P B A AR 2 e, AC
YEF 22 5 B 3, JRG i A By i R0 DR 2/ )N
MG Ay v DU 30 > P JE 8 > AP RC 38 , Tk 52 RN Sy
T IR > RIS > HhICH IS X & /N2 7 1R 5
M AN 43 B FEASHME S5 E S, TR 7 i
TR R 50 A I VS 49 Ak B 43 i) MG 815. 4%
251.0% ,10.44 K, = JICH 7™ 5 A R ECR TR
A PR BN 252.1% 72.5% (19.34 ki, % P
AL BRI T-RL E A — B, = I TR E A IR
JEESGAEFRAY AN 12.24% F1 10.2% , TEAS [] £
FAEN, TCIR R AR | R 4 2 R I B RN
SEAHE N, P S R i R R A RE 2 3 K, HR
IR/ N HE TR R A, 4% Ak B 2 () 7 R A
R ZERARE T H 3 05 b D 3G 21

o AR e | R A RO EIORD TR EE A 1S sk
AT 5 R R 4 HR 7 70.9% ~ 108.5%  86. 0% ~
125.9% 0.02~0.12 K. .0.6% ~2.3% , i 35 b 3 )
Bl IR 43 A s R AR T 57.4% ~ 66.0% 4.3% ~
11.9% .0.32~0.91 ki . 4.3% ~4.8% ., TENEHIA 1
BT 3TN 5 T A — R /b TS A
5 R 77 i S G B 45 % AR I AT 2 e 7
i AR R R A B AN AN R v IR K4
AR T I B R A AV EC B R AL B o B
B R E 53 ) A8 T R B AN R B 92 35.4% ~
58.9% 28.0% ~44.1% 7.8 ~9.4 ki , v JEE 3 4B b B
3388 v JEC IR AN HNE 1 ik /D 57.3% ~ 66.9% ,26.3%
~35.9% 16.8~18.4 ¥,
2.3 RIFFMAEEITLNEKSTBEENFN
M 6 AT, PIARSE R TERANEE SRR T,
o TR 2558 v P 40 A K 43 1 ORI 3.8% , T
ARSI AL BRAC o I AR 4 v 438.2% , Bl AR

Ro6 BLEENEFTE FFEMBIKSFRAKEE

Table 6  Yield, yield composition and WUE of winter wheat in each treatment

)y A wm | BH ey 7 B PR
Year Item Treatment /( 106 -+ hm’z) Kernel number 1000 weights /(ke - hm’z) /(kg - P )
RO 0.55f 8.74e 36.42gh 156.3¢ 3.3¢
I R1 1.10d 9.45de 38.99¢d 549.5gh 5.8¢
Low SMSp R2 1.16d 10.35de 39.59¢d 650.0gh 5.9¢
R3 1.40d 11.33d 41.07abe 802.9fg 6.0c
RO 2.04d 18.91c 35.77¢g 1160.0ef 18.5a
PR R1 2.32¢d 19.57bc 38.13de 1304.1e 14.4b
Middle SMSp R2 2.48¢d 21.08b 38.39de 1571.0de 14.2b
2013—2014 R3 2.60c 21.46b 38.97de 1866.0d 14.1b
RO 3.31b 37.94a 39.94bc 4453 3¢ 17.1ab
s R1 3.66ab 38.57a 40.53abc 4772.3be 14.7b
High SMSp R2 3.95a 39.29a 41.79ab 4975.2ab 14.6b
R3 4.08a 39.82a 42.01a 5333.9a 14.3b
SWSp 323.2%* 2383.9%* 21.8%* 1803.4* * 2493 % *
F{H R 5.4%" 7.7%* 83" 223" 6.5 "
SWSpx R 1.8 0.1 0.6 0.2 8.0" "
RO 0.51e 6.19¢ 35.66¢d 116.9i 3.5d
Vidns R1 0.98d 7.53¢ 37.17be 479.9h 5.7cd
Low SMSp R2 1.08d 8.02¢ 38.01b 616.7h 5.8¢d
R3 1.29¢d 8.90c 38.78b 811.9g 5.9¢d
RO 1.68¢ 16.89b 35.00d 1341.1f 18.0a
R I R1 1.78bec 18.05b 36.25¢d 1612.1e 13.9ab
Middle SMSp R2 1.92b 18.13b 37.05bc 1668.1e 12.0b
2014—2015 R3 2.12b 19.47b 37.78bc 1894.3d 10.3be
RO 3.08b 36.55a 39.49a 4352.0¢ 18.1a
s R1 3.12a 37.10a 39.57a 4503.3¢ 15.1ab
High SMSp R2 3.17a 37.49a 39.74a 4737.8b 14.7ab
R3 3.28a 37.95a 40.29a 4910.3a 14.5ab
SWSp 315.6" " 23537 % 208" 1759.3* * 205.6"
F1A R 50" " 7.2%* 7.9%" 20.9** 6.2%*
SWSpx R 1.6 0.1 0.3 0.1 7.9%*

TE: " " FIRAE P<0.01 KF 25 R3E, " FIRTE P<0.05 KF B2 R, ROVHNESR,

Note: “ ™ and *

indicate that the correlation is significant at P<0.01 and P<0.05, respectively. R is supplementary irrigation.
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Fig.2 Relationship between grain yield and Ac
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