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Effect research of water deficit in different growth stage
on wine grape yield and quality

LIU Jing-xia', ZHANG Rui', CHENG Zi-yong', LI Min?, CHEN Na-na', MA Qi-mei', DAI Wen-yuan'
(1. College of Engineering Sciences , Gansu Agricultural University, Lanzhou 730070, China;
2. College of Food Science and Engineering , Gansu Agricultural University , Lanzhou 730070, China)

Abstract: In order to explore the influence of water dificit to water use efficiency (WUE), yield and quality of wine
grape under the trickle irrigation, typical correlation between quality and yield components, carried out the experiment of
water control trickle irrigation in different growth stage. The results showed that: The yield would be decreased about
60% by mild water deficit in berry expansion stage, WUE would be reduced 38% , the fruit soluble solids content would
be reduced 7.0% , and was no useful to the natural decrease of the acid content of grape in late stage, and the negative
effect was maximum to wine grape. The mild water deficit in the coloring and mature stage, the total sugar content would
be increased 22.4% and the acid content would be decreased 9.3% . Through the canonical correlation analysis obtained
that: It has showed a positive correlation between the grape numbers of single cluster with the soluble solids content and
anthocyanin content, while has showed a negative correlation between the grape numbers of single cluster with the tannin
content.

Keywords: water deficit; wine grape; yield; quality; typical correlation analysis

UTARRAE [ 5 A IR VIR A ™l i) R X 2T R SR RO, RE K i HE J7 0
Bl T, B 2 T R P R R A R R, KRR FHRCR B, © N il 29X — R MR )
@Fﬂk AL AR T R B 4 15 MERERRSU . ik, MR RO R —
Z =300 Jordn TP E R AR R MO A A AR R R AIURB R AR XA M AK EE OF O 1 L
SRR X PR A L R R R TS A BT HESIITERA O S B A PR
VEFT o SR, 384 S M A5 6 B, 1] P 2 TR 22 007 P w0 w25 I R BRAR 22, g o <k

75 B #9:2015-11-27

ELTR: HE A RB A4 (51360002) ; R HRBH# 34 (51260001)

YEE A XI#EE (1989—) , Zo Wb AT R it , BN F AT K #EEIIE o E-mail : liujingxia0324 @ 163 . com.

BISMEE A T (1956—), 55, HN B LN, B8%, 1T, EZNSAEKHA] OK 3 0-45 5 i AL B G 58 o E-mail: chengzy @ gsau.. edu.

Cho



553

TR < AN [R) A 1K 205 SR 0o TR T ™ 6 B S RS8O B 5 79

BT AR A B O A Hod Y
2O 2 A S KT R R S T
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BOKA B 38 0 SRR, SR A SR SR
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I F A, SURB AR R S A L1012 g
SR 14Xk, A S 5 e iR B E 4R, H
T LK 437 R PR AR B A

H AT, AR 225 % K o 5 HEIR A 9 2 B
TFEXTE A 2 AR ) 5 w10 T X 9 32 7K 40 5 e
S, LT 7 ] ) e o 8 A R A T A S 1) 4y
Brpei A il . A b, A SGHE AN R AR F IR RK
370 R TR 4 1 R, 40 A5 48 R K 4y i
IR A A A R S T ] Y Bh A B, I
38 S ARV DG AR B AT THE T s 58 b A AH O
R ARAE, LIRS B — 2 BS AR , Rt A K
BT AR FOFR IS 2% |
I BRI
1.1 RIEXER

IR T 2013 4 4—9 HAEH R4 s i i X
TR T o 3308 X P AR A5 - 37°51°N, 102°53'E,
TR 1 585 mo ZAE PR 8°C, BRI 228K
ZAET-HIFE K B 164.4 mm, 24225 K & 2 000

mm, 24 H BRI EGA 3 000 h LA E, K PHEE 5H4E A
138 keal *em ™2, = 10°C Y44 2CBUE A 3 100°C,
JE LY [ P BGFEE AE . H AK IR 25 ~ 30 m, LA
T AKAE MR KR . e X R g+, +
SR S 57,0 ~ 100 em FIEEF A E N 1,35
grem ™, HAIREK AN 37%
1.2 #k1EY

S B R R A AR, 13 a A, B
T 57 1 7 R O SR A A T TR e A
RIS A — o AR AR VE E ], AT R EE N
2.8 mx 1 m, AR AN B & 1.5 mo K
LEBIBRIE I TE 60 em, YA TR FE 100 cm, YA 30 cm,
FE I P IE R B R AT H B SR AR R Tl
W% o
1.3 Rt

IR R B AL X AT, 15 9 A4 3, A4 4b 3
3WEL L 27 /X A/ NX R 12 mx 2.8
m, JRIRAE AN 1 s, H CK XATREZH A~ D
LA 5 K E ~ H it DA S s 58 8 5 K, IR E
FERR BEBI A KB o R0 X 4 A BT HE AT, R
F—1rPE R, /P X Sk RIRF % 1
3K 5 N R A THEK . K E RN 300 -
hm ™2, K 2 7% 4% 32 K & 8 RIE T 2E %, B
2013 4F 4 H 23 HIFIREE —WHEK GAHE, HE/K & &
900 m’+hm™?) 5 , 5 £ R FITH HESEATHE L . 76 R
IR F N, W2 RAE K S b 2R, HE K AL
BRI RSAEK TFAE - AR R K

R1 XBEHAR

Table 1  The experiment design scheme

A B B e KA T R (G )R K B 350 7 %

The lower limit of soil moisture content in every stage (Percentage of field capacity)

A R L iRt ] E2 N SN E RN e T RE
Treatments (os%ﬁi%giﬁm) (05-31~06-15) (06— 16~ 08 - 15) (08— 16~ 09 -24) /(b ™2)

New shoot stage ﬂowerlsrtlfgimlt-sel Beny::;:nswn Colorlztg a,;I(;atumy In;izgm
A 55~ 65 75 75 75 2775
B 75 55~ 65 75 75 2775
C 75 75 55~ 65 75 2475
D 75 75 75 55~65 2475
E 45~55 75 75 55~65 2475
F 45~55 45~55 75 55~65 2375
G 45~55 45~55 75 45~55 2375
H 45~55 45~55 55~65 45~55 2175
CK 75 75 75 75 2975




80 T2 X AR A5

5 34 45

1.4 WAmB5ERE

1.4.1 3R mE R RYGCM3000S #5 j#
BIERERG (AW 5 L HFORMEIRLS 5 L 45
TP AR I8 ) AT 3K o3 W [) s R P B A AR
T, 2T NER 10 d B 1R, B 2R &0
JKHETJE B MCR G i . PUEA 100 em, 5 F% 20 cm
M2 SRR,

1.4.2 #KZHFE RADKEPHEEITE HEA
Wl

ET|_y = 102riHi(Wi[ W, )+M+P+K-D

(1)

AP, BT TR 4 %5 B BeAE /K i (mm) 50 o0
E T n ALZEEG, A ELETAE (g -
em™) s Hy 5 0 J2 T HEIERE (em) s Wi W, 530000
%1 B AR BUG AR M BTR E K (%) s M P O
A B B P K S R i (mm) 5 K A BB BB T
TKANA T (mm) , 50 XL T KR KT 10 m, # K
= 0; D A BN HEK & (mm) , 56 X A T2 X, #)
D =0,
1.4.3 R ~FTMNE  EREGHERELE G - R
W9 H 25 H)#EATE R, B4 /N X MR, I
FHHRFFROREE N 0.1 g) 43 AR & /N X i 4 %
Hi, PG &/ N PR ERR A AR AR AR
hr T A R R R o
1.4.4 #HERFGMNZ

(1) AIEPEREITEY) (%) : R ATAGO - PAL - 1
R FRppE T E

(2) EBH (ge L")« 2R FH 2EMOK i 2 75 (GB/
T15038 — 2006 %) .

(3) FAITHE IR (g L 1) « >R FH R B =2 15 (GB/
T15038 - 2006 ¥ ) o

(4) B (g kg™ ) : ZHRE RS (2012) %, FIH
FEARMERIZE Y = 0.1045X + 0. 0021 ( R* = 0.9995)
W, b, Y T & X NTE 760 nm AL
D P B

(5) BB (g-kg™): S HF(2013) k. FIH
MEFRERZE Y = 0. 1167X +0.0129( R? = 0. 9993)
W, Kb, Yy B EB & X WAE 765 nm P K AL
N B W G AA

(6) MAEETT (mg kg™ ') : S HEETH(2012) %, F
AR A= A4 x MW x DF x 10°/(e x m) 5, X
A R EAR AT (DRSO R - 3 - s i) &
HyDF N BB G EY DF =50); A4 =

(A521nm - A700nm)pl'l1.0 - (A521nm - A700nm)pH4.5(A52lnm\

Ao I A TE 521,700 nm K AR I E R B 6
) s MW (23 TH) =493.2 g-mol ' (BRZEM K -3 -
AT ) s m AR E (¢) , LA m=1;¢
28 000 /RTH G R A (B8 3 - 3 - AT ) , 5
7K Lemol ',
1.5 #EFITEF*

K H Excel Al SPSS19.0 SEi T/ Hr x4k 64 1 8
A3HT, o BB R OC 4p Br 2k 98 R SPSS Hh i
“Canonical correlation . sps” 7= i1 770 H7 o

2SR5

2.1 AREBEHKGSHRIMEEFTESKIFIH
prES: A

2.1.1 sFFEEHReGHw R 2 AT, ARE A A
D FUBRBEEICR B8 CK 20 11.6% 1 19.5%
AL G A H Rk B ARG, 88 CK 43 700 ok 2>
30.2%7F1 33.5% , Ut B AE BT A A2 O R A7 38 24 1 K
37 BRAE A% B 1 TR A 2 1) SR T A A= 1 A
— AR AL R S B K o 5 SRR AR T R R
M R IK B EKF (P <0.05)), AF G Al H
T E AL CK 43 FIREAK 38.0% F141.8% , H 5 CK %5
WBE(P<0.05), BLHIR R KWK 5= Sl & 6
A EE 8 K 5 Il DA I AR U TR T A A
I, NFI TR A EE G R H R R R RR IR
LI BT RS A ) — FFAE A S0 RN 25 €0 1 0] o 8 /K
G35 Bl /D RS A A REORL AR, 3X T R SRR AR K
) — TR AL A7 E K R T 4 2 I R AL R R
T € LAY B ™ B R K 2 A1 (i 7 28 28, 5 | e
ERBLTPEIEH o SRR S35 BRAL BT () EORLEE 55
CK H445 U1 I I A A KIS T A6 A S K 43 = Gk
el 25 R AR 159 22 A 5 SR R - 25
BRI % 2 B A /K 43 7 BRI A R E A 30%
~ 37 % , H AR B2 7K 43 SRR FE A e i i ok,
KRB R E K (P <0.01),

2.1.2 == ag#em AR 2 AJHALEE A PR
LB CK 3R T 10.3% HZER AR E(P<0.05),
VBB A A R B K 5 R 3] T — s 3G A
FH XA RE S0 Be o KB T A AR A G A
G A H R RR, H3 CK 25 8% (P <0.05),
ULIATE A (0 iAW it DA R JE K 2 5 e 5 LR ™
VB FRAE 45 % FEAT 5 7R3 F I R 30 4k 25 it A J g
K535 ke, U™ W K AR B 60% 24 -

2.1.3 KRS AAZLFE(WUE) W Hwm k20
HILARER A Y WUE S, A0 FE A F1 D ) WUE %8 CK
SRR T 24.9% 1 24.3% , H¥ 5 CK Z 57 B #
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(P <0.05), BB A AR+ 0 55 €0 il 01 52 2 7K
437 I RE R B e R T 4 4 11 7K 40 R AR 5 Ak 3
G A H ) WUE %K, 43738 CK FEAIR T 23.2% Fi
38.5% /A5 CK 25 K35 B F KV, BB RS A4 K

W1 - TR AR IR A R H R K 5 B A K 23 A
FHER BRI 5 2R3 A R Ak 22 LA A2 BE UKk 7 Bk
Hefdt WUE [ i35 38% , 3% AT BE -5 Bl K 51 A4 K
WA K

R2 ARREKSSERI WUE F17~EH#M
Table 2 The effect of different water deficit to WUE and yield

e 5 KT AEF Trentment

Yield and water factor A B C D E F G H CK
S RH A
ﬁ%ﬁ L 24a 18.5a 21.2a 25.7a 20.3a 21.2a 15a 14.3a 21.5a
Spike number
A

SRR A 107ab 120ab 99ab 109a 106ab 118ab 86h 83b 90ab
Grape numbers
$ihﬁ/‘g 191.3ab 223 .8a 139.9ab 160.7ab 164ab 158.7ab 119.8¢ 112.4c 193.2ab
Spike weight
E*\LE'/g . 178.2B 183.5B 149.5C 151.2C 140.1C 136.7C 139.9C 135.4C 215A
100-grain weight
Fett/ (kgrhm™2)
Yield 16365.5aA  14787.2aA  10578.1abA  14726.0aA  11908.3abA 11995.1abA  8205.0bA 5751.6bA 14832 .6aA

1€
S
Water consumption 3430.71 3402.93 3387.62 3312.45 3224.17 3044.85 2978.6 2608.62 4146.59
/(m*+hm=2)
IKAF ARG R

kﬁﬂﬁﬁ)&i 4.77aA 4.35bA 3.12bA 4.45aA 3.65bA 3.94bA 2.75bA 2.20bA 3.58bA
WUE/ (kg-m™?)

1 FAVEER G ARG FREFRIRTE P<0.01 Ml P<0.05 LERBE,

Note: Different capital or small letters in the same column indicate the significant difference at P <0.01 or P <0.05, respectively.

2.2 AREBEHAS SHNEE KRN
H 3% 3 AT, AL3E D R G BOBE & AR, 3 CK
SRBEINT 22.4% F1 20.33% , W 25 €0 i3 7k

®3 KOTRMREFHELRR

A3 B R T A 2 OB S AT oSBT R
AR, B¢ CK A BT R B, Ua A 78 24 A 35 0 P9 it LA i
LK 7 BRASH) T 2 SR B R

ek

Table 3 The effects of water deficit on wine grape’ s physicochemical qualities

e st ﬂ‘?ﬁ]‘%@é‘i. A PEEIE Y LQT sy TEﬁﬁ‘.
Treatment Total sugar Titratable acid Soluble solids Tannin Total phenols Anthocyanin
/(g L7h) /(g'L7") /% /(gkg™") /(gkg™") /(mgkg™")
A 259.868aA 9.37aA 22.1bcA 2.911aA 3.095bA 626.59aA
B 263.10aA 9.44aA 22.0bcA 2.580aA 2.904bA 532.54aA
C 230.78aA 8.65bA 21.5bcA 2.344aA 2.550bA 482.34aA
D 269.82aA 7.66cA 22.3bcA 2.200aA 2.993bA 550.74aA
E 223.15aA 8.34abA 21.4bcA 2.885aA 3.832aA 626.78aA
F 252.70aA 7.70bA 21.9bcA 2.892aA 3.838aA 637.70aA
G 265.20aA 7.32cA 22.9aA 3.233aA 4.378aA 646 .44aA
H 216.85aA 8.78aA 20.2dA 3.285aA 4.375aA 610.78aA
CK 220.40aA 8.45bA 21.7bcA 2.430aA 3.015bA 642.92aA

ALF A B R E IR B AR B CK 4
T 10.9% .11.7%, H'5 CK 25 8% (P <0.05),
IXT B 5 TG A A F I K 4y T B 56, B DLF
G Al E R CK A BT FRE, 43 BIBEAK 9.3% .
8.8% .13.3% , Ui W1 & (0 il 2 7K 43 77 Bk e A% B AIK
AR S HE

WFE G RIEMEE Wi, B S CK 25 B3%

(P <0.05), Ui W 25 (o LA 5 B /K 4y = e F)
RS 4 4 T VA PR DR 0 1) i v 5 Ab 3 H ] M [ R
P R Befi, 5 CK MK T 7.0% , H'5 CK 257 %
(P <0.05), P63 RN K 7K 4375 ek T B0k %
RS F TR & o TR

AbFE G A H BT A R A, B CK A
33.0% .35.2% , VLI 0 AU /K 43 75 ot 4
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R A A R ST R O A

W EF.G M H S8 & aie, 5 CK A,
PRI T 27.1% 27.3% 45.2% F1 45.1% , H.A%
CK 2573 WE (P <0.05), U IFEH RS AE K 1T - JF7E
A SRR B K 4377 Bk, DA AR 2 £ i AR R R 22K 4y
5 BRAE R P T SR S B W i, Ko R
FREE, N B PR R A

AR AR AR, TR A
FEREEOEMN, A C BEaTTR CK FK T
25.0% , VAT RN KI5 B K 4 75 ke 2 DR B I
IR AR T 5 T 4k 2 A 5 60 AU it DA B K
5377 (RO PR H) |, A 4 S8 6 5 LR T 20%
e, VIERH A €0 s A R R T 4 2 R R AR B 1 1 G

il s
2.3 HHEFESRRMAEREZEREEEX ST

e 5 A IR O, A T SRR IR A )
A R 2R 5 B DG &R R FH BB AR OC 43 B T
BRI HIIX TR PRI G R o BT AR 258 43 )
WA v B TR R ORI B TR 7 3 R BT 3 . AR SR
Wit Cyy) B s b i R R AR R () SRR AEAR
(y3) ARRIEL (yy) B I — 417 5 4 v i P DR Y
(z0) Wl (zo) ATTRE IR (23) AT (24) VD (25) AE
O (26) BEIESE A

PR B TR G AT A R LR 4, 3R
4SS 1SS 2 A ML ARLA OC REGE B TR
2K, PR HE BT 2 20 SR AR A T AT

F4 FEREMBEERSRREEERNABEXST

Table 4 The canonical correlation analysis between the yield, component factor and quality component

A

Canonical variable 1

TS 2
Canonical variable 2

HIRAR B 3

Canonical variable 3

TR 4
Canonical variable 4

RV EPEY e HTRIF S R e LRV PEY e RIS R .
PHDSREL g e MHCAREL gy IHDSAREL gy PHSREL ey
Canonical correlation S Canonical correlation S Canonical correlation S Canonical correlation S
coefficient '8 coefficient 18- coefficient 8- coefficient '8
1.000 0.000 1.000 0.000 0.710 0.593 0.554 0.821

o T I AR EE B AN, AN BB R, WO AR
HEAL I LY 2 80 2 1 ML R A OGRS RS o0 1, IR
Ji 0 78 e T MR A ek 2 ) O AH OC R B, S5 R LR 5,
How Mo 43I AS 1Y 2 ZHER S TR

H 5 R, 55 1 20 MR AR B (G R -

u, =-1.138z, - 0.765z, — 0.522z,

+3.28z, — 3.159z5 — 0.478z, (2)
v, =~ 7.773y, + 4.314y, + 4.342y; — 0.185y,
(3)

55 VAR (wy o)) B, B w, SRR &,
PIAHDC R BTN, w, SPIVETEREDEY) (2,) FIAE G
(z¢) WIAHIR BB, 433120 - 0.592 F1 - 0.653 A
I, TR w, EEAAR TR T R Y R T Y
SEAT MR, RIRE 2 AT ¥ 1 R P A BN, u,
RN CFRE, B oo, SIRGEEE «, MAHE RS
AL, v, SRR (y,) BIFHOC RE(- 0.602) 5
Ko, FTRR v, 2GR AR PRI, B
ERRRLEIG I, 0, R TREEE X LG
WA EEDEY AL & = 5 RSO R T
Y1, RIBE 2 FRARL B in, vk BB Y et &
gyl IOy <k

x5 #BTEEHRTTEZ BEBEXFEHY

Table 5 The correlation coefficient between the canonical variables
HEE T TR 5 T AR 2
Quality Canonical variable 1 Canonical variable 2
factor w - w ’
Al [
T(ﬁhrilﬁ/% “ -1.138 -0.592 -0.380 0.162
Soluble solids
Sy
B 2 -0.765 0.255 -0.486 0.236
Total sugar
AHER 23
; -0.522 -0.41 -0.11 -0.21
Titratable acid 0.5 0.410 0.118 0.210
$T_24 3.280 -0.108 3.801 0.862
Tannin
ISy
B 25 -3.159 -0.111 -2.849 0.757
Total phenols
Lt z-(, -0.478 -0.653 0.084 0.377
Anthocyanin
P T SR 1 T 2
Yield Canonical variable 1 Canonical variable 2
factor w r w ’
e Y1
-7.773  -0.463 4.809 -0.762
Yield
%ﬁﬁ'}'z 4.314 -0.143 -2.749 -0.4%4
Spike weight
E‘T*%uﬁ)} 4.342 -0.482 -3.798 -0.871
Spike number
R s -0.185 -0.602 -0.004 0.061

Grape numbers
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55 2 4IRS AR N -
u, =—0.38z, — 0.486z, — 0.118z,

+3.801z, — 2.849z; + 0.084z, (4)
v, = 4.809y, — 2.749y, — 3.798y; — 0.004y,
(5)

52 I (uy 0,) P, B w, HIRIGEHR ¥,
FIAH DG R BTN, wy, ST (2,) FLEH (25) HYAHSG
AR, 5000 0.862 F1 — 0. 757 Rk, /T u,
T FR A T RS A 25 A bR, R B A
B B RN, w, ISR, t v, SR IGEEE
x; MHISE R BT AL, 0, H7= R BRREEEL (y5) AOHH
KRB AR - 0.762 F — 0.871, itk , ATHR
h v, BB R RTEE 2R A R, BB
P AR AR N, v, RS X — LRk
AV T RS S RO R
VI, RPBf 7 0 FH AR B AR 0, BT 5 S, i

N & B
3 e Lie
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SRR I A 00 o8 ST 55 i T 4 28 e 2% 7 1
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SERTEPEETE Y i, R A TR A 5 0 A SRR 5
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