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Effect of water stress on the production and
water consumption of grapes in facility

XU Jian, ZHANG Rui* , HUANG Caixia, GAO Yanting

(College of Water Conservancy and Hydropower Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract To explore the effects of water stress on the water consumption and water use efficiency of post-cultivation
facility grapes.a three-year experiment of facility cultivation was carried out from 2012 to 2014 at the experimental
center for water saving irrigation of Zhangye City, Gansu Province. The growth cycle of grape was divided into five
growth stages including germination, shoot growth, flowering, fruit enlargement, and coloring maturity. The 55% field
water holding capacity (FC) , which is the lower limit of soil moisture, was set as the moderate water stress at each
growth stage.65% FC was set as the mild water deficit level. In addition, the lowest limit of 75% FC was used as
control. Daily water consumption intensity, water consumption, water consumption module and water use efficiency of
grape under water supply level were investigated. The results showed that: 1) The grapes intensity of water
consumption, amount of water consumption, water consumption model coefficients reached maximum value in fruit
enlargement period,and three indicators were up to 45.84% ,220.55 mm and 3. 14 mm/d indicating fruit enlargement
period is a critical period of water requirement for the facility grape.2) In addition to the flowering period, the moderate
water stress in the rest of the growth period significantly decreased the water consumption intensity of the grapes during
the stress period. The moderate water stress in coloring maturity period also significantly reduced the water
consumption intensity. The mild water stress in the two long growth period (fruit enlargement, and colored maturity) also

significantly affected the daily water consumption intensity.3) The moderate water stress in germination stage improved
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grape yield and water use efficiency (WUE) advantageously. The annual yield of three test years was 15% higher than

CK, WUE increased by 20.5% . In conclusion, water stress had an important effect on the yield and water use efficiency

of grapes. Water stress in the germination period saved water and increased the yield of grapes. The fruit expansion

period was the critical period of water demand for grapes, which should be fully irrigated.
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T 2012—2014 476 H i 48 5k 4807 1 K
AR 56 P AT, M B AR AR R 100°26'E, 38°56' N, i
R 1482.7 m, ZAEFHFEIKE 125 mm, ZA4EF-H
ARE 20479 mm, A P EE P L,
pH g 7.8, 1 IEL T 1. 47 g/cm’ , (R L H [A] Ff 7K
R 22.8% , RIEA L 1. 37% WA 32. 04 mg/kg,
BN 27. 8 mg/kg, A 1 137. 4 mg/kg.

0 4 4 i R R DM ER (Red Globe) " IG5 321
i AR SO4,F 2008 47 F% A1 , R FH HLRE 85 40 4% 4%, 3k
ARBER, P AR A B 57, BRI R 0. 8 m, 17 [H] #E
2 m, % AR R B R Y M R A Y H OB TR
L VE AR AR 2 MRS R AL AR X5 ] A R
HEAT R SR, B A ST AL 8 m X 80 m, B AL A
Bk g /N X,
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i RAE S GNP N S AN | = R A ]
(R D, KRR E 54 WL B 7E %
AR 1A EHES KR TR H ERE KR o
55 %0 By TP KA WA K (36 2) . S 4R i 5E AN [
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9FE 2012—2014 4EJF &, B Bl 39 T 2013—2014
PR, B4R IE 12 KA B, 3 IR R .
I 36 AN/NX L BEA/NX 2 AT A TR 8 mX 4 m,

R R REEE . 1 8 1 AT A L N IR
R q=2.5 L/h, [A1FE 50 cm, 31 %19 3H 2 58 K
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Table 1 Grape into growth period
A ] 25 1] BAH K FF 4L EHIPN ] & A
Germination Vining growth Blossom Fruit enlarging Coloring
frem period stage period period maturity
i} 7] 05-15—05-27 05-28—06-12 06-13—06-24 06-25—09-03 09-04—12-21
KE/d 13 16 12 71 109
2012 4F
Fé 7K 4 /mm 0 0 0 40.0 103.7
SRR B/ C 17.07 22.40 26. 39 23.39 14.55
it 8] 05-18—05-27 05-28—06-13 06-14—06-25 06-26—09-06 09-07—12-17
KE/d 10 17 12 72 102
2013 4
WK i/ mm 7.0 20.0 23.3 95.4 8.1
SE IR R/ °C 21.29 20.72 20.78 24.95 17.05
it 7] 05-03—05-17 05-18—06-07 06-08—06-18 06-19—08-27 08-28—12-16
K/ d 15 21 11 70 111
2014 4 i
B K 4 /mm 1.2 8.1 18.9 93.5 32.0
SEHREE/C 20. 35 20.43 26.09 24.09 19. 39
2 RABEHAR
Table 2 Experimental design %
2 W B R KGR T BR Gy ) 48 2R 14 LE 1))
b Lower limit soil water content in different growth period
=) hib 3 (Percentage of field water holding rate)
Treatment Treatment i 25 30 A A K FF A B O EmR
number Germination Vining growth Blossom  Fruit enlarging  Coloring
period stage period period maturity
GM W 25 3918 2 0K 43 it 65 75 75 75 75
SM A U B UK o3 ke 75 65 75 75 75
FM T AE 152 B Ok 23 iy 38 75 75 65 75 75
EM i I 2 i UK S i 3 75 75 75 65 75
M A R K oy il 75 75 75 75 65
GS A 2539 rp R K 43 kit 55 75 75 75 75
SS AT o B OK O3 ki 75 55 75 75 75
FS T AE39 b B2 oK 43 Wit 75 75 55 75 75
ES B AS Ha 75 75 75 55 75
Cs @M K oy il 75 75 75 75 55
EA i 31 e K 23 7K S 75 75 75 85 75
CK suar ok 75 75 75 75 75
TE: LR R a6 T 2013—2014 4R JFJR T 2 456, K 70 i 78 2012—2014 4R JF T 3 4F 080 2. RHA R T &I

LR RN A AR I R P R

Ky 3B

B Bt , JC Rl 2k 7R 78 4 LK B B

Note: 1. mild water stress test was conducted in 2013—2014 years for 2 years,and moderate water stress lasted for 3 years in

2012—2014 years. 2. The italic and underscored figures indicate that the grape was carried out mild or moderate water

stress during the corresponding growth period, while the unscored grapes represented the full water supply stage.



46 bR R R R

2019 4 55 24 &

1.2.2 XIxnE | A

D 5K M5E . fEWREASAEFTIHNER 10 d
B — YK B 28 I 25 K AT S SRS I
A/NXTEE R 0.5 mo, AHAR 2 W 45 v 8] 35 3 e
0.2 m 73 B BCRE - F A 3l JBORE 00 e I 7 T 32
>4 100 cm, 43 6 =L, B 0~10,10~20,20~40,40~
60.60~80,80~100 cm, H 2 PHUEE S 0~100 cm
(735 5 7K R R /N X LI 48 5 KR

DVEMIFEK IR . FEK AR EY K 25
WK H ) K] 2% 1 2 k3 R 1 K SR AR VE B 1)
SR ZE T s PR i . AN IS SR FH K T A T A
S A M S bR K R, AR HE CHE B 5 R YD)
(SL13-2004) HL & , FEAK & A THEE A 0

ET,, =10>,7H. (0, —0.) +M+P+K+C
i=1

K ET, L B BB K & mm; v, S5 0 JE R 5
TAEE.g/em’ s Hy B i F0) HIERE ., cm;0,.0,
R R AR AR BR R B KR T R E W
B M. P LKL C 2k 43 0k Bt B N T K o B W
O KRN T HEK B mm,

F T 3R DX b T K A B 45 G FL Al A5 14 W] LA
N K=C=0, 0 F:UfH5 N .

ET, ., = 10> )7 H,(0y —0,) + M+ P
i=1

30 A B S o 7 A A R CR A O R R

45¢

)y Year
40T go012 m2013 @2014
35}

30F

= |
= |

251

Diurnal water consumption

5 /INDXIT A 2 R SRR Y B L O i 4 T AR SRS

B b5 & kg/hm? .
DIRSFIH R (WUA) i 4 7 i1t bR DL 24
Rk kg/m’,

1.3 HiEsE

IR B g R AT 2 A [l Uk 0 BT Ak B OF fE
EXCEL 2007 fl SPASS 13. 0 # fF & 4 T 5% M
.

2 HRE5SH

2.1 GHEESETHECREANE
2.1.1 HAEREE TN

T it A0 Ji5 ok 455 48 4 HORE K 5 B B A 7 I R R
P bRl S AR A AL (L D AR 8 2F IR
JEE A T AR A BRI 7% K 75 1 AR /)N 7 4 A Ji5 AR
B 0 = ORI A 7R B T OZ B B H I RE K
SROFE B /N, 20122014 AFE Y 3 AR R X H K
1. 04 mm/d ;87 A AR 4 T 46 10 4 26 4 vk AR K
JbRe RS B K L HORE K B B R AP 4 K T A
A K OIE BB 3 4ECF M 4 A 2,22 M
2.65 mm/d; F 52 K ] R i 4 R PR A A RR S AR
A HE RS A B 39) . H B K 0 B2 38 B Je KL 3 AR 34 ME
9 3. 14 mm/d; kA 0 n 2 AR AR 19 A2 BT 3l
W T o208 . H FEK o B B AP R H 3 ARSI
1. 44 mm/d( 1),

i

=
> |

NS

%
20+ /.
151 7
1O} //f
0.5 /‘

R I
B ZF ) A A
Germination  Vining growth
period slage

T

RS R

Blossom Fruit enlarging ~ Coloring
period period malurily

%4 B Grape growth period
B S AR N6 AT BT A A BRAE %A IR S AR B oD R A B A A B ) 22 SRR R

The data in the picture are the average value of all treatment in the reproductive period in the corresponding test year. The

higher the standard error,the greater the difference between the treatments in the growth period. The same as follow.
E1 2012—2014 EHHERAKRETLNE

Fig. 1 Change rule of water consumption intensity between 2012 to 2014
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Fig. 2 Variation of water consumption during each growth period of grape
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M FE 3 AH, 20122014 4FE 445 01 51 GS 4b
FRFE K 5 BE X O B AR, R AL 0. 42, 0. 24
0.49 mm/d, ¥ B Z L F CK(P<0.05), 7 W #f 4
3 eh B2 K 53 36 RE b 3 A A 32 I 40 R 2 R K R R
HEACHT RS AR K, VS A B 3 AN I AR B FE K O
FEARL Y W 2K T CK U W8T A A= K 300 B2 7K 43 1
T 2 2 A A A A RE KRR B 5 3 4, 20132014
4GS FI GM kb BFE K 5 B2 77 1% 2E B 0 T 30 K,
Ji R 2013 AFEAK Yk A F) 3. 97 F1 3. 63 mm/d, i3
T CKL R B B 5 09 7K 43 W 36 )5 5 7K kM 3RO
FEAC I (8] 55 o 4% Ak BRE K 5 3 R A7 A B 3 22
5. ES H EM gb ¥ 5L SR K 0 #E 7K o B 34 I 35 AIK
T CK 38 B 2R 52 g 3 b B a2 1 K 4 i 4 2%
ARG 4 25 B K S 5 59 A0 FSCOIFAE I vh 3 /K 43 )
Ab FRFE K R B A i 2K T CK X /] B J2 T 46 1 i
V) 26+ 7K 3 ol 368 6T 6 7K B8R JBE 1) 52 i) 7 R S K I A
I RSk, 2] T & U, CS i CM 4k 3
FE 7K 5 85 A T T/ o I T K U W 2 €8 i 2
7 v B mY A% B 0 e 23 e/ INAFE KR B D) Ah L ES b
PRAEZ Iy BOn #E /K 3 AR AR B (R T CK b B, 3%
AH 2R SR R 0 e B K 0 W i R A L N AN i) A
By BORE 7K 58 B L T LG 25 (0 B A AR K b B
AL
2.2.2 AL FHEKTG YR

M 3FTLLE .3 AN 4R VS.FS.ES I
CS 4bPRFEAK 5 34 i AR T CK, R BB A AR K-
& O SRS A B BE K 43 W 3 T BE I
A A FE/K B VMLUEM fil CM 4h Bl AE 7K 5 FE
BFART CKGGR 3) UG AN A= K 2R S K 1
OB 3 AR AT W B K S 38 L fg
5 We) 7 2 FE K
2.3 KoMENEEHTERKDEFLRHENE
2.3.1 NHEGEZHYH

M 3 0] LU . 2012 4F GSCH 25 3 o B K 43
o360 b B e fe s A B 23 542 kg/hm’,
T CK; CSCE 8, il 24 o B2 K 43 ik 38 4b B FD CK
Ab B RO X AR, 4 B HOA 15 431 Al
16 736 kg/hm®, 2013 4F %5 25 % W 3k A6 5 4F, £
SR B A P BG 0 H  RE R L 2012 AR 4R
JEIJE GS Ab P iR F)] 36 333 kg/hm”, i & T
ESCR SZHE A0 v BE i) A CS 2 A KA & v

KAy A b B, 2014 AF 4% A B R OR AR A W E M
25 5 3K W] A B A 2 A S O XK A3 k3 1 3
N7 I 1 RE 7 AS W 1 5 0 21l (3R 3D
2.3.2 AW EHKSAMAENG Y0

M 3 W] LU . 2012 4F GS b 3K 43 R FH AL
Z(WUE)L %] 5. 90 kg/m®, i % & F CK, i3 B
2 v R K A TN i I AR 1 18 it A 4 7K 4 1 AL
R HARMIS CK [a] 22 530K % . 2013 4F 52 f {4
it R R R 1 2 (1 DU S, A A WUE 46 L
2012 4F B @48 KL 1 GS 4b B WUE [A) B 3k 1) 5%
5.4 6.67 kg/m®. 2014 4EHF5E A 5§ 2 AM4E R
ANTA] S R S R D) A B R b 2K 43 38 A B EMLES
1) WUE AR5 R GGR 3 5. 88 Al 5. 64 kg/m’,
i 2 T CK, 3 2 5 IR i 3k 00 4 B A 4 7
Z I 228 B A K, T AR K B 22 ) 2% 1R B 3 (ES Al
EM fb 3 5 25 BAIR T FEK D) 2R,

3 1

Wil K 35 A H AR K 3R B L FE K B R AE KB &R
BOTE W 2R3 AN HFE K 3 AR PR AR AR 1. 04
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2] KRR A A B NP L F R K iR R A5 AL 4 R SR S
i T U 2 7 2 AR A R R S A K A G 1) B 1 L
K 4G Ar 38 B e KA. H O3 IR B8 o sl s ik
3. 14 mm/d.220. 55 mm 1 45. 84 %, iZ Ky B Jy % it #%
A 2 e 7K A0 5 TR A 0 B 2 I A 2 AR K iR
BB 34 FEE N 1. 44 mm/d.153. 46 mm F
33.06% ., X5 Lopez-Urrea %57 F01 R 5 81557 A 5%
56— B, BN g A AR AR A2 B R K R S ]
1o P SR ARG B 2 00 A 2 AR B Tt N ARG L SR
JIEE A T B PR 25 A B K, L A T FRAR /N, B
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AR A B A K R TS LI IR R B
SHBHIE AL T 58 4 JF 5 IR A 25 A S M A, 28k
K HAE KA R AFUGE 5000 £ A4, A 8 2 5 K I A
HE R A R AN SO A O Y L IR A R R
A E K B R R 22 5 B K R A TR

K G Tk 38 6T 7 4G A= B AR K 9 B R 4 2 T AR
K VLS 2 T EEOK A (R KGR TR R
55 %0 fi i 25 B AR 152 it 2 49 1 28 10 R R 2R K R
SERE R A5 R YRR K R B, T AE AT A 2 S A
KA T W CRAZE K 3 @RI 2 B2 K 43 e
(HHEEKETIR A 65 %) thAE i 3 B K HFE K 5k
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Table3 Effects of waters tress on water consumption intensity, yield and WUE of grapes
52 B0 TR 3R E /nm
Daily water consumption of each growth period LT K 43
g LR P o LS T
o Treament gy AR FWIW e gy (/) g/ e/
number  Gormination Vining Blossom Frul.t Coloring Total water Yield WUE
period growth period enlarging maturity consumption
stage period
CK 0.77 b 1.17 b 1.66 a 2.6l a 1.71 ab 4 204 a 16 736 bc 3.98b
GS 0.42 ¢ 0.62 ¢ 1.45 a 2.63 a 1.65 ¢ 3996 ¢ 23 542 a 5.90 a
2012 VS 0.96 a 0.59 ¢ 1.34 a 2.69 a 1. 66 be 4100 b 20 417 ab 4,98 ab
FS 1.01 a 1.56 a 1.33 a 2.38b 1.74 a 4124 b 18 889 abc 4.58 b
ES 0.90 ab 1.42 ab 1.25 a 2.36b 1.69 abc 4 004 ¢ 19 722 abc 4.93 ab
CS 1.0l a 1.42 ab 1.49 a 2.36 b 1.33d 3666 d 15431 ¢ 4.21b
CK 1.88 a 2.74 be 3.51 ab 3.52 be 1.71 ab 5491 b 32 569 ab 5.93 ab
GS 0.24 ¢ 3.97 a 2.74 d 3.55 be 1.76 a 5 445 be 36 333 a 6.67 a
VS 1.37 ab 2.33d 3.13 ¢ 3.66 b 1.66 abc 5161 d 29 861 ab 5.78 ab
FS 1.61 ab 2.52 cd 3.31 be 3.15 de 1.53 bede 5078 d 29 000 ab 5.71 ab
ES 1. 38 ab 2.74 be 3.51 ab 2.86 e 1.42 de 4 564 { 26 722 b 5.85 ab
2013 CS 1.66 ab 2.42 cd 3.22 be 3.65 be 0.87 4 696 e 27 083 b 5.76 ab
GM 0.93 be 3.63 a 2.65d 3.67b 1.72 ab 5635 a 29 139 ab 5.18 b
VM 1.42 ab 2.70 bed  3.47 abc  3.34 ¢ 1.78 a 5323 ¢ 30 958 ab 5.82 ab
FM 1.73 a 2.65 bed  3.42 abc  3.55 bc 1.82 a 5393 be 29 250 ab 5.43 ab
EM 1.52 ab 2.96 b 3.70 a 3.21d 1.81 a 5114 d 29 111 ab 5.69 ab
CM 1.23 ab 2.78 bc 3.55 ab 3.66 b 1.50 cde 5170d 31 556 ab 6.12 ab
EA 1.71 a 2.51 cd 3.29 be 4.28 a 1.35 e 5692 a 29 500 ab 5.18 b
CK 0. 83 abc 3.15 ab 3.37 ab 3.88a 1.2 3b 5245 a 18 534 a 3.53 ¢
GS 0.49 ¢ 3.47 a 3.73 ab 3.8 0 ab 1.24 b 5252 a 18 965 a 3.62 ¢
VS 0. 81 abce 1. 82 de 2.03 ¢ 3.42 cd 1.21b 4459 d 18 676 a 4.19 abe
FS 0. 84 abc 2.88b 3.34 ab 3.52 bed  1.16 be 4 847 b 17047 a 3.52 ¢
ES 0. 75 abce 1. 87 de 2.82 be 2.26 e 0.79d 32791 18 496 a 5.64 ab
2014 CS 0. 65 be 3.17 ab 3. 26ab 3.51 bed 0.76d 4418 d 17 689 a 4.02 abc
GM 0. 75 abc 3.13 ab 3.83 a 3.43 cd 1.18 b 4 898 b 21 825 a 4. 46 abc
VM 0. 82 abc 1.68 e 3.29 ab 3.28d 1. 11 be 4360 d 19 343 a 4. 44 abce
FM 1. 14 ab 2.75 be 2. 80 be 3.63abc  1.17 b 4 890 b 22 078 a 4.51 abe
EM 1.21 a 2.91 ab 3.20 ab 1.75 f 1.01 ¢ 3487 e 20 505 a 5.88 a
CM 1.11 ab 3.22 ab 3.47 ab 3.59 abed 0.814d 4634 ¢ 22 238 a 4. 80 abce
EA 1. 10 ab 2.24 cd 3.65 ab 3.58 abed 1.52 a 523 4a 20 545 a 3.93 be

R LSD i, ARl/ING FREF A 0,05 KEF LR E,

Note: LSD method is adopted. Values followed by the different small letters within same row are significant different at the 0. 05 level.
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