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Abstract: [ Objective | The effects of water stress on water consumption and yield of wine grapes were studied in

order to provide a scientific basis for water-saving and efficient irrigation of wine grapes in Hexi desert oasis
region. [ Methods | Two water stress levels of mild (65% field capacity, FC) and moderate (55% FC) were

set in the five growth stages of wine grapes (germination, shoot growth, flowering, fruit enlargement and

coloring mature stage), respectively, with the lowest limit of 75% FC as a control. The effects of water

stress on water consumption intensity, yield and water use efficiency of wine grapes were studied from 2015
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to 2016. [Results] () Water stress at every growth stage of wine grapes significantly affected (reduced) the daily
water consumption intensity of grapes, and the effect of water stress in short growth stage (such as germination,
shoot growth, flowering stage) could be automatically eliminated after rehydration, while the effect of water
stress in long growth period (fruit enlargement and coloring mature stage) was persistent across the year,
and it was difficult to recover in a short time after rehydration. @ The yield of mild water stress at
germination stage reached the maximum in the two experimental years, it was up to 14 868, 15 306 kg/hm?*,
respectively, and the water use efficiency also reached the highest (2. 77, 2. 96 kg/m’). The water use
efficiency of mild water stress at coloring maturity stage could be improved without no obvious yield reduction.
The moderate water stress at shoot growth, flowering and fruit expansion stage could significantly reduce
grapes yield, and the reduction rate reached to 39% ~49% under water stress at fruit expansion stage.
[ Conclusion] The growth period and duration of water stress have important effects on water consumption
intensity of grapes. Long-term water stress have a continuous effect on water consumption of wine grapes
across the year. Mild water stress at germination or coloring maturity stage, and adequate water supply at
other growth stages are the efficient irrigation modes for wine grapes in Hexi desert oasis region.

Keywords: water deficit; wine grapes; daily water consumption rate; water use efficiency; yield; Hexi desert

oasis region

UEAE R B AT A 36 AKOF B AS B 4 T 3t T
25 109 1) 5 SR 320 AR AR AL 4 T T R Y R 4 AL AR O A
T 77 Ml 1 il P ST JHE At R A Je T T IR 4 2
FORFEED HN AV X SR 22K, Rl
T P 46 2 A 8 4 A (B 4 30750 L AR % b
X8 T 5 B 2 Y DX, PR A 2 32 ™ DX T o
M IX Z AR 2 T &l 160 mm, [ 47 35 78 & &t 2
R K B A 15, 8 A . 7K ¢ U8 ™ o ke ) BRI 20 T X
ST MR AU N S N P (N e A O bt i
RIS 7K T I AR IR VB 45 RS T) 3 K K 2% F TR R
T 7 4 FE KO A 7 A RN K 43 R AR A 5 6 T 1
E Rk A BHAR) Y 7K T A0k TR R A R (A ) R S PR
I L T R Sk R B R S, E b
KT TR TP 7 25 FE KO A R ™ e A O O T A K i
I A2 AT BRI 3 W 4 B K SR S ) A 4 A vk
VRO Y e B IR B DR 2L WE KR S R A RO 25 AR
K WA H R KSR EE (DWO) $ 0 5 355 Hofth 2% #
TESE A [R] 7K 43 Ak 206 RS #5545 DWC 82 ma /R K, B
DWC 5 4& 7 R B 2 3 oy SR 52 K M DWC>
0 DWC>JF B DWC> 3 # 4= K DWC
SH S DWCH 0 (A BiF 5% R S TRl A2 5 )
VI SERAE X Rl c Y & Y5 s N = TRy
IR — 80, 55 AT 7K 4 75 B i U E A0 B ) DWC Bk
FF B Sk S S €0, B D T G At A= 7 3 Ak Y
DWC e KBt BE Ry 55 g A1 . FE 7= i iF 92 i
IR B I A — 8 23 S BO™ & B AR RO B L3S
JE K 535 Bl BE 6% (VR WA — 5 By 38 7= O )
A e A a3 R L e A I g A I
ZEIAE 5 KA R T 4R = AE S R R A T K g

FI &% , Permanhani M 455 R/ fg 460 36 B 5
JE 5 K RE S o A A K A0 R RRR . s AR
Pr M FE AR 30 d 28 B Y] &% SR TR S A 2 kAT
7 VR L X R A AR AR S R e BRI . R
o i V) A S [ R I Rk B X A A O T ) 7 R 4
SR (Y RIF S o 2% B ot 0 TR R B D A A R R A
ST R T 5 5 P AR A S B L A SR S K 0 IR it
SE Je AR 1 A A AT K A 3 2 S AR R A B
KA LR

ZE LT N R B Be AT 7K 4375 i I ) 25
KRN 7= e B 5 R R R A0 B A I AR 4 e 0T R
54— 8, 77 AR 25 e 0 D RO T Y K G i 38 R
AR 36 R ) S — B EL GRS R 0 S — AN 4
JE K 43 Ml 26 4K 56 1) 25 S L Bl B A B G R S R B A
T A BB 4 THT 52 e RS 5 26 7K 0 T 6 R X 7 e 1 5
B I8 A 2 2 A AR R AR KA L % RS2 AT K
O3 N8 S X 7= e e AR K B Y 5 ) 2% 7 A B I A
T3 1E J& B §iAF 5T 014 51 5 AN o5 a) . BRI, AR SO
2015—2016 4E[a]ESE 2 a X FR P 4 26 #F FE 90 2 47 778
VHE R B R 2 A R OR TR A K 4 T 3 Ak L A 5T
T TR 7 25 1 HRE KR B 7 1 K 23 R FH 2RO 5
M 5 LA 488 715 7K 43 W 360 T R T 6 75 7K R A B ™ i 1
125 A B R 6 B W 200 5 S T T Y TS 4 N DX 1 R T A
T 7K TR ST TR ) R R I R A X A ) A LR
W AE

1 M55k

L1 REe e
I T 2015—2016 4F7E H 7 44 {7 P4 1 i A% v A



82 7k - B F e AR

%39 &

BT M X e A 2 5 S (102°51'E, 377512
NG 1581 m)HF . %A 56 X J@ #1780 11 K i 2 T
B, ZAE R K BN 164, 4 mm, H T2,
AESEHH BEIEE] 3 000 h DL FL BRI 2 K. HEK 1+
S5 M oM VD TR -, R RAE 2 AT R K M R AR
R, N 25~30 m,
1.2 ksl

e 3 50 X2 Hb 2 R R A A S R A RE
(Merlot) . W #% 5~6 a, g dLAT M, ATHE 3. 2 m, BRIE
1.0 m, #4528 X P R 40 T A AT R 7.5 m
N7 KU AL R 3 TE YRRk 22 AR
#5154 1.6 m,
1.3 RWigit

SR FH B DR 28 58 A BE AL IR 0 18 T o 4 R T 4 2 17 2
LR BRSBTS REER i U IS A I R N S 7
KRR 5 A 0 2 AR AR B R

B R B B AR R 1 poR. B
A B IR 2 oK A3 T aa KT B R K R R R H
B 5 7K 2 1) 65 0 Cie B JBik 38 T 55 20 Crp B a5 LU
3 KRR B S B R R K BB 75 %6 R X R (SR 4y
HEAK) o BT AT 7K 43 W 3 Ak B L AT B A B 3 kg, By
SR i 1 SR ESE =L /- N1 £ A £ O
i 11 AR DB 3 RER, I 33 4
IR /NX BN /NX AR 15,0 mX 9. 6 m, 22 AH
%) 45 PR3 AT A4 ) . 3 M R v BUHE £, 0—100
cm 2 P97 2 JR)RE K SR 25 R B0 R
36 % (AR /0 ) N 12.6% ., T4 1. 35 g/cm’, +
HEFLBRBE A 45 %0 kI X HE K R R E H R, — 47
P A 2 Sk R 2.5 L/h, ik I BE 25 cm,
HEKEH R 270 m’ /hm”, 4380 /N X 4 8 3 K ik
FNBEE ) e K 4 F BRAS S BY R A7 W K FH K 36 A%
P il K

®1 REGHEFTPHNS RERXRE LR E

A IR A3 30 kb BR K 4 5 2 1k ] [ 7K & /mm SRR/ C
—_— T\ BB T O B 20150508—20150517 16.5 17. 45
B 2 £ ERSERRNN 32 10 3
A et o 20160508— 20160518 1.2 16. 39
5 2 B T, CREEBED T O B 20150518—20150610 22.1 19. 08
Yo b 1 R IE ISR T (o FE T
» ’ AR e 20160519 20160611 17.0 18.13
PARI A Ty B2 B ae ) . T (R 30D 20150611—20150620 19. 4 20. 60
20160612—20160621 0 21. 39
L e HN | T, R a1 ) s Ty (o JBE JBfp i) 20150621—20150825 52.9 20. 00
20160622—20160825 67.0 22.45
FERCN ] Ts (B2 BE 3 . T CPBE ) 20150826—20150929 46.8 17.31
20160826—20160926 16. 2 17. 45
SHEHH CK T4t 740 20150508—20150929 157.7 18. 89
20160508—20160926 101. 4 19. 16

1.4 MEDEFNEFE

(1) HHEERFEWE . K RYGCM30008S #I75
TERCHE R AE 2R 8 (R K A% B ) 1047 2 A 5K
3 W ) At R D Aoty B U 3 R AT A A K R
SE A X o 3 AN H 52 e g A /0N DX B AL 3k 6 2 A4S T
SE I T A A AT 2R Ah 10 em, IR 5 M
A5 2 Rk B A A5 BE 7 DU E R S 100 em, AEFE 20
em N 12 EEHEFYE. EREEEENET
AN RERR 7 d W E LU, W 2RI A A
KI5 B A 2 R U i

(2) HFEAKMEE(DWOTHE . KR AR
TR A A A A B R K R, R — A Rk
B LAZ A B B BERR S 1 B A5 H B KR

(3) 4G 7= 1 DU 7 4 2 LR A 2B L 45 45/

DX EA M ISCAR o R AR k45 /0 X A 2 R 2R A 1
JoT 6 o I S B A B g bR e

(4 KA R R (WUE), & %% &
(kg/hm®) B LA 44 B B B FE 7K i (m® /hm?) Sk 1158
1.5 HEEE

R0 1] o N T b 45 E K A1, 45 4 B 18 85 L B
F W% 24 A6 T () A5 PR it 1) fR 47— 35 20152016 4F
5 4 3 (1% Tt AL 2 R i A s R] A A [ B g 4 38 A TR Y
2 WY 2P PR R 400 kg/hm?  SRESEE R IR 3R 700
kg/hm* , & 58 1150 kg/hm® , J 52 R 5 it 45 4
A 1 750 kg/hm®,
1.6 ZHIEH AL IR

K H Excel 2008 4% B 4fs 647 &b 21, 2R 4] SPSS
19. 0 et o3 B R AE X B a0 47 25 57 B PR 5



CHER]

TERS ¥ 45 < 7K 43 B 30 X ¥R PG S 5 2 W X TR

%5 7K 5 R T B 7 ik 4 15 4 JE 52 83

2 giR5aPr

2.1 k4 RiE 3T EREE A B R KR E N

M1 AT LLE #2015 4F R 1 AR08 4F) 1 45 1
ZEHA 4% A B H FE K IR B (DWO) 5 4 4 HoAh 4= & 15141
B e I, % I B OFE K 5 B2 7E 0. 13 ~0. 33
mm/d Z [8]; 55 4, &b BT (B 28 309 b B B 38D 19
DWC(0. 13 mm/d) <<T, Ciifj ZF A 52 & By 38 ) ) DWC
(0.18 mm/d)<HAth 4t ¥y DWC, H T, f1 T, &b #
PR EFEMT CK(p<<0.05), 2016 4EWj % Ts
DWC(0. 65 mm/d)F1 T, @ DWC(0. 79 mm/d) 1 A
AR T Il Ak B I 2 AR T CK (1. 23 mm/d, p<<
0.05), BRI, 2 M54 1) DWC {8 i
ZEMA A R T L 2015 AR R BT SR L 45 4 FE DWC
AR BEFR T 1. 40~2. 29 mm/d Z [ (& 1), i
RIS T HE 10 %5 53 40,2015 B 2016 4R BT A AR K
WK 4T3 b B8 T, (9 DWC<<T, () DWC<H th &b
) DWC,Jf 28T CK, 3= W3 A A= K 11 i 17 K

= a 2 BE7K 4 b
4/ DT, EEECK pab2 abab

H #& /K 3 FE/(mm « d7)
[\)

P O
[T

LLCOCLTCLTCTTITIIT -

i

W EF GBI

I WMEKH  FEH
HEHLEEH

Rx

b

43 W 36 TR) AR 2 S 3 AR U TR 4 28 1) B K 5 B L O L b
T, H AR KRR T R

5 HT WIS B W ae R A [ L AE T A 3 K 43
)2 AELCT, AT ) DWC AW /N T B B
HAbh b $2, H 2015 45 FF 46 1 30 4 3 Ty (DWC =
1.57 mm/dF T, (1. 68 mm/d) i Z X T CK(2. 37
mm/d) ;2016 4£ Ty (DWC=1. 80 mm/d) f1 T, (1. 83
mm/d) W §EL T CK(2. 38 mm/d) , i3t B T 4E 1 7k
53368 L B 35 AR 4G H AE K BR L .

ARSI K H FE KSR B IR B 5 K, 2 MR B4R
&b DWC 7 2. 27 ~4. 42 mm/d Z [a], L FF 16 5
MR . 2015—2016 4F T, Szl ok 9 Fh B i 30
1) DWCTT, CR SR K2 52 38D 1) DWC<TH: Al 4b
i DWC, Hix Ff 22 535 5] i 2 K- (p<<0.05), H
RN L A2 H FE KR B TR [ B A R AIG, e
J& 2016 445 4b B DWC {HPF E 1. 74 ~3. 00 mm/d Z
6] 5 25 €0 BT K 23 e AR BRCTS A0 T (9 H RE K 5
TR R Z, LT CK b ab B2 (& 1 FIE 2),

’[ =T AT, b T REAK S B3
- 1, E3T,
% 4} DT, EECK ata 22
g 5
g s} 5
4 a aaag 22 aaa E f
=2 H =
% b b g =
)0 £ =
m = =
paddaa £ £

HZE WRAERKH PN RSERAM FERHM
HEHLEEHN

Bl 2005 ABFRBFESLEBREAKRE

ST alEAA BT

4t 3T, EAT,
T, 3T,
3| EEET, EECK

abyab 4
e Jbeab
a aaaa d
aadad b

Fb

H #£ /K 38 B/(mm - d*)
—_ N

LTI LTI &

N )

(=]

HZE HEARE PR REBAM FERE
HEHLEEH

ST bep Bk Bl

4 43T, =AT,
T, =37,
3| T, EECK

I 2 p bp
] bbpp2 d =
%
0

HZE WRAERKH PN RSERAM FERHM
HEHLEEHN

b b

H %7K 5% BF/(mm - d™)
(Y%}

B2 206 ABFRBFESLEBEAKRE

B A B K 53 38 45 R S K ROR 43 #2015
AR ZE WK 23 Tk e kb BT, AT, AR B RS A2 K 0K 2
FE o3 BEOK AR K 58 B il 38 91 A9 0. 18 mm/d F0
0.13mm/d R AH K B F 2. 22 mm/d Fl 2. 21mm/

d(E D, i E T CK(2. 20 mm/d) 5 A 48 K 1 38
RhBE T, A1 T, AEFF ALK G FFE Ko Bt FH &
2.31 mm/d F1 2. 35 mm/d, 5 CK(2. 37 mm/d) }AR
FEV-. [RIRE JFAEIA M a Ab 3 T, A1 Ty 78 F — 245 W



84 oK A 4 R 839 &
CRE R BRI , HFE KR B i e 910 1. 68 B T REAE & B B, H8R 8 (T, Arep 5 38 (Ty)

mm/d Fl 1. 57 mm/d IRE A1 FE 4. 10 mm/d F13. 86
mm/d,5 CK(3.99 mm/d)#EFHFF(E 1), 5ZAFEM
o RSN A B i a0 AR ER T A 2 G N K B
IEH LK R o HORE 7K 58 B AR TH 2 3K CK b 28 (&
1);2016 4F, T\ fil T, b FRE T —AEF W E KFFEK
S AR THAS &t fg KT CK(E 2)

MNIK 53 p 360 3265 A 35 52 W 28502 43 BT o A A 2 0 2 )
W1.2015 4F A KA ria 4B T A1 T, (% DWC & 2%
KT CK, HAAEMria 4b # 5 CK Z 0] 22 5 R i 2% (&
1)3fH 2016 4F (55 2 4FE sl 5O Br 1T T A1 T, 9
DWC B E KT CK 4h. T, Ty, Ty, Ty 55 1 B K 43 i
B A DWC W8y & Z LT CK(P<<0.05) ., 534,
2016 4737 A8 AR K R % i BE K 3 e b BE (T, , T
FEAK U B 1 R A0, Ty AL R B 3 K T CK; R 4k
WY 7Ty T S A0 BRFE /K 5 B2 A 8 35K T CK (&
2), X5 E—FH A,

2.2 KoMENEBREEE~EMNXIE

MF 2 AT LUE 2015 4F 552 I K 0 4% B2 i A
A (T, >%n@f7ﬁﬁfﬂﬁ?7k/\ﬂd}5_mfi<n,THTMTQ,
T 77 5t i AR T CK, 8 2 R 52 8 K 01 i 38

FEA R 8 820 kg/hm® #1 7 461 kg/hm?, It CK &
W 39 % .49 % (p<<0. 05) 5 ol 28 7 1 4% 1 i an
(T, T,, T, . TH w5 CK Z R ANfFTE B &P
25, 2016 AEH K A AR B (T, T, To s T Y
FEEAKIH B LT CK; 540 Bl T, =iy
£ 11 175 kg/hm”, b CK 3= 24% (p<<0. 05); 5
2015 AFAH A 0 2 0 42 B b 3 (7)) 7™ et b 3k ) e v
15 306 kg/hm® i & F CK, 53 A Ho A 52 B Joly 38 4b
F(T, . T, . To) e CK A /Mg HEF AT E.

2.3 KkoBEXEREEEKS R HLENZIE

MFE 2 AT LB L, 20152016 4F T, &b B K4
FHRCR 4 3K B fe RAB, IR 2. 77 kg/m® HT 2. 96
kg/m’, b CK AR LR 5.9 Y0/ 9.5 Yo 7340 Ts ab3H
18 2 A5 4 K 43 T BCR BAR GGA 3 2. 62 kg/m?
M 2.79 kg/m® W& &= T CK,

2 AMAE IR 25 AR Y S 2015 AR5 B K 43 T
HALIECT, T A o BE K 43 a8 b 81 (T, T s
T Tos Tio) WK AR R B LT CK(P<
0. 05),1fi 2016 4F HA Ty 1 Ty b # A 7K 53 F FH 203
BEFMT CK,

R2 2015-2016 £ REEEHAS B HE=ERASHALEHLM

2015 4 2016 4F

A2 PR/ VEWE R/ Fek &/ KA R AR/ i v W SE A/ FEK &/ KRB/

(kg*hm™*) (m®+hm™%) (m’+hm %) (kg+ m™ %) (kg*hm™?) (m’+hm %) (m’+hm*) (kg m™*)
T, 14 8684763° 3510 53664171 2.7740. 06 15 3064882 3 780 51614112% 2.9640.11°
T, 132584640 3240 5 3004105 2.5040.07" 14 3434713% 3510 4 928+£149% 2.9140.09®
T, 1172041 256° 3510 54554132 2.15+0, 19 14 2204467 3780 5329441 2.6740, 08
T, 8820680 2 700 4 553+147¢ 1.9440.09¢ 11 175+523" 2 700 379141911 2.9540.06°
T;  13425+615° 2970 51314111 2.62+0.06™ 14 2204567" 3510 50874121 2.7940. 05"
Ty 11 4094718¢ 3 240 5 3704235% 2.1240. 05« 13 89242199 3 780 5 326+139% 2.6140. 04%
T; 10 3514291° 2 970 5 269426 1.9640. 05¢ 13 6804600 3 240 502746 2.7240. 11
Ty 1053941018 2970 52924117% 1. 990, 15¢ 13 2384414 3510 5204471 2.5540. 09
T,  7461£701¢ 2 160 3917£116 1.90+0. 14¢ 9 8344-266¢ 2 160 3524+123¢ 2.7940. 03"
Ty 11293+1010° 2970 4 9214104¢ 2.2940.19¢ 12 260+ 510° 3 240 4 8724£145¢ 2,520, 08
CK 1449541 134® 3780 55394152 2.614+0, 14 14 6324435% 4 050 5 407485 2.7140. 04

T R LSD i RSB R AR FR/NG P8R R TE p<<0.05 EZREBE . THFNREE; T,

V& a7 SIER GBI
3 W

H FE7K 9 B2 R B 1 VR e A 6] A 8 309 P9 52 3 0
R REWMFES T HHERNLEZESEm, 2015—
2016 4F 2 I A B2 4 R B L W 28 050 H AR K R A I
GZHIK 5> 38 kb 3 DWC 7 0. 13~0. 79 mm/d Bl
Bl AE MM A FEFE 0. 28 ~1. 23 mm/d Z[A]), % 58

—Ts HREKSPMHELI; Te—To N E

S TR A A WD R A ORI, ZZ B VE &
GG AR RIS P A 55 4 56 5 RS2 1 KW H FE 7K 5 B8 e K
GZ K4 30 4b B DWC £ 2. 67 ~2. 84 mm/d. JE
ip 36 b B 25 35 3. 86 ~4. 39 mm/d) %A H W R A
iﬁﬁi&?ﬁu_ AT e B (R D) Lt 2

2 5 K B0 s LA A= B 0 H R K OR B AR A A SR
ijuﬁﬁébk?fhﬂﬂ>%mjiﬁ>¥ﬁ$ﬁik@ﬁ X 5 L 4k



CHER]

TERS ¥ 45 < 7K 43 B 30 X ¥R PG S 5 2 W X TR

%5 7K 5 R T B 7 ik 4 15 4 JE 52 85

AEE B S AR L KO AR R R AR A TR A A
FEOK AL A5 J7 T I BF ST 4518 — 3K

T TR 7S 46 26 W 2 30 R A AR A TR AR B R S i
R A X 5 A F WSROk 2 B if L AR 2
U i AR Join 30 00 489 1) H FE K 5 B O BRI IR K
3 R ™, H AR K DT R T B A B (A
M 2), X5 a5 19T 45 B 0 5 — 3
FA SRR 3 AN A F B G 2R R R A KL T AR
D W30 52 K T TR A 25 FE K o B S 23 TR PR &2 5
2015 4B A A K e Ab BE T, A0 T, Ak BRAE 46 1
K s FFE KSR B B a9 1. 40 mm/d 1 1. 53
mm/d IR E & 2. 31 mm/d 1 2. 35mm/d, 5 CK
(2.37 mm/d) FEAFEF-(E 1) 52016 4 FF 46 1 i 38 Ak
BT, ATy 2R S KA S K5 HAE 7 5 B2 o il
EHIR 1. 83 mm/d 1 1. 80 mm/d i 3% i F 4. 42
mm/d fil 4. 30mm/d, 5 CK (4. 38 mm/d) #F 3 (A
2), HAREE R (EFMKIL 8 d AL, )8 TRA
B R 4B T 755G AR R K
Ji » HREKGR B (2015 4E 2 3. 34 mm/d) K IH &2 % i
F CK(3.75 mm/d) ( 1);2016 4, T, M1 T, 4-F7E
& O K FE K SR AL R 2. 47 mm/d I
1.98 mm/d. {5 8 ZFE T CK(3.00 mm/d) (& 2), H
F2 2 R A HEOK A3 38 23 5 e A A YOG B S A
B K A3 AR HLEE  H s ) B B R R R T S
TEPR S AR R % 06 9O S B 25 I AR BE AR AN K
SFNEF HRKCRAS s 55— A W 2R R A=
K e e T R AR K R RE G, W an B K S
FE/K 3 B AT A UK A, R O OE R R K Ak B T 2R
SN KK o3 I8 )5 . 2 A K 52 58 O oK
] A AR K B R A IR AT D TR A £ R B K
Ji 7 2 2 A VR 4T o TR B R = i aa b
BLIN e Y S VR T S R SV U TR AE R O
PRI T AE 7K B8 3 5 A 1 B A2 Kk B2 1 4 800 5 b B K
3 W3 30 X6T 2 7 R 2K SR BE 1Y) 52 W) 5 R A ) AR RO A R
A G, BV 2 A0 B K G Tk 3 0 TR TP A A A AR
FEIKHRA AN [ 2 B2 A9 400 4V T o EL A 4 7 37 AR R 1Y
XA EE KR < A SR B EH A AR TR
1381 B K5 I 1 e DL oE ek . sk fE
2014-—2016 4 it JF Ji 9 15 Jit 2E 3R Ak 35 i) %6 AE 7K AR
W5 s 3 WY R S i R0 2 6 £ 81 49 1) 5 K I S 40
AR B B K I 2 R AR B £ A AR K R EE L HL
X e BLAT B IR 0 S5 SR RN TR A O U SR R
HAE K iR B T AR MRS B E B K P X 5 AR WE 58 T R
i 28] AR K LA B AR — 3,

SR 2 a HEEEE ORI 1 R WK 7 i 38 #R 2 R AR

1 O P 38 3 B R K R BE L (DI A B A3 BT L 5 2
BGAE (2016 4F) W 2F 8] To o Ts o Ty s Too b BEFNH A A K
W Ty A3 R IFAE T, Ty o T &5 v B2 7K 43 38 Ak 3
FE 7K 3 B b 34 4 25 1K 1 AR R s 3 CKOA (L 2) L i
A RO A T AR R SR R A A
A5 S A2 I R B K G Wk 30 R 23 52 I YR AR BE TR
5 % A 7 I 0 RE KRR

2 a BRI 25 A R WY W 2 0 R R K A I aE (T
AR R TR A 2 7 ROK 2 R RO (R 2) L Hiz A
B A K 43 38 (T ) T 55 TS 46 28 7™ o A1 /K 4 1)
BRI R )R 25, FLAF 9T 245 1 5 80 22 (R R 92
3 Williams 2557 1 Conesa 2505297 iff 9% th ¢ #H
52 8 K 43 ikt (60 %6 ~80 Y% ETe) X i 4 7= it SR AR
UK FIRBCRA . 580, BES00 K W42 B b 38
(TR BE KA e (T i R A - x5 5
B R A A S A R B B R
W B 38 A B CTS) 78 R & 35 BRI 7= S ar 2 F - BB
KB 1 K 3 A &% X 5 Marinho 5 (I
Serman ZEPH oY 45 —3K .

PATK 53 W 360 6T 4 2 77 5t R K 43 1) FH 203 15 AR R
SZIA A3 AT, 2015 AFFF 46 1 | 5 520 M 42 3 K 4 il 3
AEFR Ty, T R A B 7K 43 ik 38 &b B8 (T . T, T
Ty Too) By ™ 5 #R B 2F I T CKL M 2016 4F B I 48 15
5% B A8 T, R 25 300 ob B2 38 (T ) X 4 26 93 7™ (1)
AN (GR 2) . 534h, 2015 ARER B2 K 43 a4k B
(T, TOM BT A hEEAK S i a3 (T, T, Ts o T
T B7K 43 I &R 3 1 2T CKL i 2016 4R A
Ty Al Ty &b B 5 2K F CK, IR & A2 0 F—
AE(2015 4E) K 23 ik S o % He = A T BR A T i Y
5N BE T AESS 2 AR HEAT 4% B W 38 B 0T Y Hh R B 38
F LA K 4 Jolp 300 335 7 1 396 8 Xof A 4 7 e ALK 43 1)
L&A B SUNCIEC R

4 5w

I FEK R B 5 AR E R R R OGRS A A
TE B 28 ) HOFE K 5 B2 S AR BT AY AR K0 — R AR 0% 20
T B S KA F) T (. 2015—2016 4F H £
JKBREEIAB] T 2. 53~3. 67 mm/d 2 ], 2 i 175 5 45
TR S . R 7 R AT A AR B B b AT
K Wl 36 HB 23 AR A 2 HORE KR L L e R R
BB B ) AR R X A K R B 1) R e R 2

K G5 B 38 2 3% 7 o 1 U K L I 5] R e B
Mo 0 2 B B 7K 0 T A0 i 405 B T TG 2 1Y) 7 o
[i] B 1, ) 4 v 7K A3 R A0 (R R S0 K 4
Fref BE K 53 W38 25 b 35 AR R 4 7 o AE A R S ik



86 7k - B F e AR

%39 &

TR R RE T8 43 HE K 5 25 0 Y 4 B K 43 ik 3 T A
ANBEAR = B RTHE T /NI 2 5 K o LR R . Rt
2 18 iR A3 R AR AR 5 TR VT 1 i Y5 4
X i A 1 TR K A 2 17 2 01 0 B K 0 T (4 3 5 K
BN H R R K FC [ 65%) , Hofth A= & M 7243
Mk (EHES KR TR R 75% FO) ;55 & B4 2
A0 L 5 B K Ay 8 (R HE S OK R TR IR 65%
FO LLHAABM AR (LS KETFRRK 75%
FO), i 2 R U R I HE (2 45 1A HR L HEK
EH 270 m®*/hm?

PR VP 46 26 S8 T 22 AT A A A b — AT B R RE K )
JE RS 5 A B AT A ET B 2RI R AR D i AR
JK 3 JBE 5 ) A RIS A 2 K 2 Wt B — E i A TR
A 3 R RE 7 2K o0 W X 7 R K 43 ) R 7 A
(189 AN ) 5 i 1S 2 I 2 T 30 4T 88 ) 9 3 7 A T 0K 353

L 8 £ x @ ]

(1] LY, AR, g 04, S5 98 -5 JE R T TR TS 7 49 #8 K
e KoK oy 2B 7= iR I 98 [T . HE B HE K £ 4, 2017, 36
(2):93-100.

[2] B, AL 4, 5k 1H 5%, 55, R R A 7 3010 =5 0 Wk %o PR
T A G K B S S T 2 [T ). op 2R 2SR 2 4
2016,24(9):1196-1205.

(3] Z=HBAs. 24k, 247 0% . &5, P Jb T 5 X X BE 4 4 B
TET KA E W ()], K B2, 2011, 25(5) .
247-251.

(4] M7, BEARA 35 % ORI R A ST Jic B 4% X iR
T 4 2 AR A KA [T . Rk TR 2% 4z, 2012, 28 (20) .
99-107.

(5] EAF, M2 72, B ar Ak, S 7 B0 2% 1L 7R R ik v g
A A K LR KK A A e RO ALY 53 [T . K H e TR R
%,2016,34(11) : 27-30.

(6] Dhayafy, ok vy, ik @ 55, . R IR 2 & 9 75 i i 108 %o JR g
A A K R FE AR R S i LT ). WE R HE K 2# 4 2017, 36
(4):21-25,71.

C71 Zsist. i i 4 45 7 [ 9 /K A 3 0t JHCFE /K B A % 5 I A
PRI D] PP A e PHAL R MR R 2E, 2014,

(8] ith®, g2 fLEmi . % RFE AT B Bk o = bkt k
By mSrmENEmi] KEESKTREH, 2012,
23(1):10-13.

(9] XUy, BeBnt, #h L, G M=l LET ka7

R 70 R i R i R A R (], B A A AR

2009,20(11) :2699-2704.

FHLIE O EERE & R A E WK 4 B it

Xof 4% /NFE 7 JoK v R A i 52w L. 75 b AR AR

RS [ AR B2 MR . 2010,38(5) . 167-174.

FLAEFE L E 5357 L 45 R A 5 K it 0% H O iR %

A A BT L) ] ) AR AR, 2014,41(17)

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

(27]

33-37.

Permanhani M. Miguel Costa J. Conceicao M A F.
Deficit irrigation in table grape: Eco-physiological basis
and potential use to save water and improve quality[ ] ].
Plant Physiol, 2016,28(1) :85-108.

VRl TR, R B, A RO 2 R [ AR K 4 T E
Xof 7 g R K 43 ) R A 2 0 5 [T, v Rl R 2 2 4
2019,24(4):43-51.

B B IME T T, 85 I 5 O W T TR A A K MR
S BT SEm LT . b RO B 24, 2013, 46 (13) £ 2730-
2738.

B T AT L BRI L AR K A3 30 X 2 O SRR Y
SemJ]. T 5 X RO B 5, 2006, 24(2) 1 135-138.
HATHE B B AR FE AL S K 3 I X R A 4 i 4 B
FEABREAR W] T B b X AR AF 5, 2007, 25
(3):146-149.

IETE RSN SE AN TRV K A BN B i AR T
A G A R RO S8 s L), T 5 b Xl i
%%,2011,39(30) :18649-18652.

TRV A B R L AFL K 43 38 X S R A A R
SRR [T ], A B ARl 2 5 i, 2015, 36 (6)
47-54.

T, R A B, EREE SRR AE B 8K 4 ) e s
A A S B [T ] Rl AR, 2014,
30(24) :105-113.

sk ERE M, R E S K B30 B K i % 5 it A
IR A A AR K AN e w g [T gkl AR R
2017,33(1) :155-161.

SRV A B AR AR /N AT B X B AT )R
A A R BT [T ] Rl TR 2 4. 2012,
28(20):108-113.

MR, EAJL B iR K2 LR gL A B
REAE (9 52 [T ] Al T 27412 . 2010, 26 (1) : 26-30.
22 B H B R AR T T N T 1S 4 U X O
PR A A9 7 1 M BT L) ], T B X% 5 3R 5L,
2015,29(4) :184-188.

EREE I AC I I S i RS LR i T R
HEEAEB R R T ] T 8 X AR5, 2015, 33
(2):135-140.

S I 5 A7 iR AN [ R A 2 i O A R T 5
38 e R K B E R #R LT E RO RS 2018, 39
(11) . 739-750.

WA . 7K 23 Ik 38 X o 1 BR A % A= I L 2R TR O BT Y 5
M LD 4RI 7 K2, 2016,

Williams L E, Grimes D W, Phene C J. The effects of
applied water at various fractions of measured evapo-
transpiration on reproductive growth and water produc-

tivity of Thompson Seedless grapevines[]J]. Irrigation
Science, 2010,28(3) :233-243.

(F4#% 92 70



92 7k - B F e AR

%39 &

KA AR AR+ E SRR R IESEY
MADWIPGRE R EHALLR M EE SERFER
N FRNIMKE SR EE AR R R
FHEEMEXR, HHBEFERELHR DAL
[ P2 B A 3 1, KORIR B T 17,2526 ~94. 76 %6, it
FR RIS 320 35 A PN JEE 488 A 15 e AS I 3 L 0 B 2R
71 CAEE S 1 s/  AE— e R B T ik
TR E

L & % x #® ]

(1] RARFHER. ZEHE S EEAEEAREAYREE
& W BERBT R IS BF 5T ()], SA A F12p 5 TR, 2013,
32(5):1020-1031.

(2] M BidF . ZHR58. HiE. 5. ZHABER G &Koy
B B 5 [T ). KVLRE 2 B B 2 . 2014,31(4) - 72-76.

(3] Eiti. skt X% NEMTR R IR k)],
1y H 23,2013, 31(1) . 65-70.

(4] B AR EE AP sRE LG5 (D], Kb bRk
Ay B K2, 2014,

(5] ZEfedn FEE, B EW. % B HARKEN KM THY
3 R 38 8 0 B A PR BT BY R ARAE LT, Rl TR R,
2016,32(4) :142-149.

(6] ZEE.HIH &, B/AE. S F e 5 AR - XE
AR PR ZR B BN BB AT ). S A % 5 TR
#2,2010,29(9) ;1877-1884.

(7] E b, AR[RITE b v v AR 2 A8 W %0 300 35 BT b L 59 M e
ma 3 3 L) 1. 2 B8 Al AF 4%, 2013,30(12) : 39-43.

(8] WML Z= R, hiff i, 4. R X R R FEL R+
BAEEPUE e m[) ], K E B .2012,32(1) .
42-44.

[O]  JaIWE 00 S 7, k25, S 7 25 AR AN = I 55 (4 AR JR R AE %
it e B 28 0+ B BT M RE B2 [T, Bk B} 2, 2018, 35
(3):463-471.

[10] 2=k, BAML, Ll E. WM R RS HR 8 & &
BUOy s A AR ()], 1R, 2012,43(4) :935-937.

(111 #psuA. b 8 IR R AR R Puhs K + HE bt oyt RE F 5%
[D]. db5t b mtkol K2, 2016.

[12] PR A4 AR £ 5 G b sy ae oo [, 1l e
$,2016,35(1) :63-65.

[13] TJiiR. RHEAESP Y S Re s (D], R b L5
K2F,2015.

[14] Ghestem M, Veylon G, Bernard A, et al. Influence of
plant root system morphology and architectural traits on
soil shear resistance[J]. Plant and Soil, 2014,377(1);
43-61.

(15] B EW.HEE 2=, % 5 R A B ARR R R0
e AR BT BT R B R AE L) ], Aol TR 24, 2016,32(11) ¢
174-180.

[16] kAT 4T, T2 5. AR R 5T Ok P0 07 38 5 52w i
RIEHFgE) ], B TR #2444 . 2012,34(4) :113-117.

[17] MBS QR Z2E™, S REB L FENFETY
FRAT AT LT ] 5 Rl K% R AR R R
2015,36(6) :39-47.

(18] XEfE. 40 X B WA M + 52 & kAR 2 Hi i
LB 55 [ D], B S AR lk k2%, 2015.

[19]  XIfm 4. AP B 5 AR &R [ 0 ph 25 R a5 [D]. if
F A - N 52T Al R 2, 2015.

[20] ZEZM. K22, EEN, . B 5 0 RAR R X 1+ 0%
PUOY 5 I R Bl R R s R R e [T . K AR R R
2014,34(1) ;40-45.

(k3% 86 )

[28] Conesa M R, de la Rosa ] M, Artes-Hernandez F,
et al. Long-term impact of deficit irrigation on the
physical quality of berries in “Crimson Seedless” table
grapes[J]. Journal of the Science of Food and Agri-
culture, 2015,95(12) :2510-2520.

[29] Conesa M R, Falagan N, de la Rosa ] M, et al. Post-
veraison deficit irrigation regimes enhance berry color-
ation and health-promoting bioactive compounds in

table grapes [ J]. Agriculture

Water Management, 2016,163:9-18.

“Crimson Seedless”

(300  XI#EZ . 5K P, L H B 55 O W) A & WK 43 75 Bk R
A 7 B O SR W A (). T Bt DR B 5
2016,34(3):78-83.

[31] Marinho L B, Rodrigues J J V, Soares ] M. et al.
Production and quality of “Superior Seedless” grapes
under irrigation restrictions during berry maturation
[J]. Pesquisa Agropecudria Brasileira, 2009, 44
1682-1691.

[32] Serman F V, Liotta M, Parera C. Effects of irrigation
deficit on table grape cv. superior seedless production

[J]. Acta Horticulturae, 2004(646).183-186.



