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Experimental research on drip irrigation by water controlling
for wine grape in arid desert oasis

JI Xue-wei, CHENG Zi-yong, ZHANG Rui, ZHAO Xia
( College of engineering , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: This experiment studied the effect of water regulate and control on water consumption regularity, yield
and quality of wine grape (Merlot, 13 a) under drip irrigation. The results showed that water consumption intensity in
berry growth period reached 2.64 ~3.66 mm+d ™", the water consumption modulus accounted more than 50% . Mean-
while, the yield reduced 61.2% and water use efficiency dropped 38.5% in this period, the total sugar and soluble
solids content lessened, and the titratable acid content rised under deficit irrigation in this period. In new shoot growing
period and flowering fruit-set period, the severe water deficit had little influence on yield, and the water use efficiency
can be increased 10% . While in berry maturity period, the severe water deficit could enhanced the total sugar and solu-
ble solids content, reduced the titratable acid content. But the yield reduced 44.7% , the water use efficiency can be
dropped 23% . Through the comprehenve analysis, it was the optimal water regulating and controlling model for increas-
ing wine grape yield and water use efficiency, and improving fruit qualities as severe water deficit in new shoot growing
period and flowering fruit-set period, full water supply in berry growth period, and moderate water deficit in berry maturi-
ty period.

Keywords: wine grape; drip irrigation; regulated deficit irrigation; water consumption regularity; fruit; yield;

quality; desert oasis
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TR B, 2 R A 2 AR e R A A D R 2 ]
W, H A ST T R DX 2 7 A R R
EA KEBFEARGE , At AR s R B, iR 52
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HAT RO W B R W XIS SR 45 A
+ BRI AT BR O 455 K Y 40% 1T A 7
KT 4. 6% 5 I 100 S TE B T 38 BL A E K
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JRAR 0 R R 5 2 A 1O 5 S e T R A 7
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HoN 26 LW~ 60% ~ 80% PN, TR 46 25 7R AE Bk
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TP 8 76 SR S i JUE 1 2 ) R K G o o e 1o AL EE R BF 5T
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1.1 iR5e HhiE

RIS T 2013 4F 4—9 H7EH M A R 2 & %
FEH AT , 1250 DX Ak T HhE 5 PRI i e A P 4
i (AL 2R 30° ~ 50°) , J& T MY 1Y) P ity e 5 A X
SEHAERE T R 164. 4 mm, 34 4E 28 % 2 000 mm,
K FHARSHAE B 577.4 kI em ™2, = 10°CARA BRI
3 100°C, 44400 8°C, LR 160 d, 5 X +
B oA VD i 45 R Y R LA 1L
TKIRVR 25 ~ 30 mo AT AR A USSR B T A
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NN
=
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Table 1  Soil physical properties in the experimental zone
B FJ2BREE Soil depth/em
Soil physical properties -2 020 P o5 — —
T4 Dry density/(g-cm™*) 1.24 1.32 1.33 1.45 1.39 1.35
g%ﬁiﬁi;( z:;;a;.t;mi}) 0.44 0.49 0.51 0.53 0.50 0.49
7K 3/ (em ™+ em ™) 0.27 0.36 0.38 043 0l .

Field capacity

1.2 RE#mR 5t

LR A Ay TS 8 % 5 E B (Merlot) , A4 1%
13 a A, ZRVEATI] A TARIE R 2.8 mx 1.0 mo ZERHTA
WFgEts - 102 Bl |32 18 5L 4 R4 2L i 2 4
FIVEKIE 38, K B0 3 5 S Ab L, AE A Ab PR 3 YRR
2LBENLIX LHBET, 3 15 AN, BEAS /N X R
12 mx 2.8 m(EA/NX 1 A7 , it 13 k), i85
AETEAE OO F% 2 150 X I A 3 i A, R
— TP I (B) 2 4% @ = 16 mm AT E A 5
il 1 A7 R A T EE A O R Y, T RER 0.2
mm, JHFLIATEE 0.5 m, ki 1.38 L-h™ 1),

AN AR AR R 2 h S K
TRRES, REEATHE K, HE K 2 &R 300 m? - hm 2,
IR K AL e A R K E LI [H] 4.5
h 224, FLRTE K BRI 30 K TR 48 46 A 7 1 Rl
S RHREAE RIS H 10 H =5 H 30 H) JFAEREH:
WGH3H-6 15H) KREKM(6H 16 H

-8 7 15 H) MHE R AW (8 H 16 H-9H 25
H)o 2013 4% 4 H 23 H {83 (/K2 % 900 m’ -
hm=2) 2 J5 , BT RS ZE K I TF G EA T e o 10
[EIBRHE AR SN, 25 4b BRA 5 |t AT | 6 BY 46 H B) 45 B3
e —3

2 RBIBITHE

Table 2 The experimental design scheme

BB ek T R R KRR T ) /%
The lower limit of soil moisture content in every stage
(Percentage of field capacity)

AbFR
Treatments j‘ﬁ*ﬁq:ﬁﬂ;q }Fﬂ’:ﬂz%gﬁ ﬁg%iﬁﬁ;ﬁ é’ﬁ%ﬁi?ﬂ%ﬁ
New shoot Flowering Berry Berry
growing fruit-set growth maturity
period period period period
Tl 45~ 55 75 75 55~65
T2 45~ 55 45~55 75 55 ~65
T3 45~55 45~55 75 45~55
T4 45~ 55 45~55 55~ 65 45~55
CK 75 75 75 75
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Table 3 The irrigation schedule for each treatment

pOBLi WK (A - H)

Treatments Irrigation date(M - d)
Tl 04-23 05-27 06-28 07-11 08-03 08-3l
T2 04-23 06-05 06-19 07-11 08-05 09-01
T3 04-23 06-14 06-27 07-20 08-11 09-07
T4 04-23 06-14 07-08 07-30 08-25
CK 04-23 05-18 06-05 06-27 07-20

08-03 08-30

1.3 MEMBSAHE
1.3.1 X3 ARpAE KA RYGCM3000S %15 i
BIGRERG (AW 5 X HIRIMEIRAR 5 X 3%
T A s ) 6 AT 3K o0 W ] s e P BB A AR
T BRI A A A TN R 10 d BRE 1R E
ZERT, A HE KGO JE i, I e IR 0 ~
100 em, BFE 20 em 4 1 )2, &5 FEBEZTE +
et K E
1.3.2 FZME BN RAIO H25 H) 45
NIRRT, RS R 0.1 g HLFRRAR L5 /N IX
P f A B, I N AR HERR (5 Bk /7NX) 1Y
PARRREAL | PR R R R R
1.3.3 Sl se R A AT b o o B Rk
(e B M B i O YR (e E IR S A SN YA 7
R R R R A BRAL AR A AL 46 OB L RTI
FERR TR AT AR AL
1.3.4 #HAF%

1) PR 979 ) 7 AR K T 5R R K & P i
BLHEAR N
ET|_y = 102;riHi(Wil W, )+ M+P+K-D
A, BTy BRI R %5 B BeAE K i (mm) 50 o
FERSn BEREEGr A 2 HIET RS (g -
em™) s Hy 55 i 2 IR (em) Wi Wi, 5k
50 R A BUGAR TR S KR (%) s M P 4y
SR B B A TE K R i (mm) 5 K B BE P T
KN (mm) , 33056 X KRR K F 10 m, # K
= 0; D AB BN HEAK B (mm) , 3086 X o T 5 X, i
D =0,

2) RALTWHE(%) TR TP = A E
/FESREL x 100,

3) SBE (g L1« oR A M 700 0 o 1k (GBY/
T15038 — 2006 %) .

4) AT E R (g- 1)« SR B2 B i 22 % (GB/
T15038 — 2006 %) .

5) WEHERETEY (%) : R ATAGO - PAL - 1
T FRpti e

6) AL (mg-kg™"') : S HRTIA1(2012) 15, F
AR A =A4 x MW x DF x 10°/(e x 1)315,
A R (LIRS AR - 3 - AR &2
DF = TR GX T DF =50) 5 A4 = (Aspim —
A700nm)pH1.0 - (A521nm - A7OOnm)pH4.5(A521nm\A700nmﬁjE7lIJ
HAE 521,700 nm % A< AL I 5 5 B OB AR 5 MW
(JrFit) =493.2 g mol ™' (FRZEMA R - 3 - FATH
)51 = JEFER KL ; € = 28 000 BEJR T G 2R 5 (47
PO FE - 3 - M), N (Lomol T em™ 1)

7) BT (grkg™ ') S IEBSF(2012) 35, FH
THRAERZE ¥V =0.1045X +0.0021 (R? =0.9995)3}
B Y BT X ONTE 760 nm K AR 2
PRI WOGAR o

8) BB (g kg ') : S M HE(2013)%, FIH
MEFRAERZE Y =0.1167X +0.0129 (R? =0.9993)
L, Y M EB & X HTE 765 nm AL AL I
FE PRI IR AH
1.3.5 @it A& o7k Bl R Excel f1 SPASS
(17.0) Gt o AR A4 7 5047

2 ZER5 00T

2.1 AREEKLIETEREEEFEKNENI MW
2.1.1 FAKBBETANE ME 1 ATLIE BRI
A FATRS AR 2 A A B AR KR B I R
Sy g4k, B AR RR ST () 4, BR CK FE K3
FEMEA AR (2.15 ~ 1.74 mm-d ") Ah, Hg AbBEAE BT
R A SR A6 JAE R JUTRE 7K 5 B A 2, 4 B TE 117
~1.32.1.13~1.48 mm-d~"[a] 25 fk s 3% A= K3 N
T K AR, FE /K ik B {H 2. 64 ~ 3.66 mm-
d™ IR BB AR R 1.03 ~2.54 mm-d~ ' M
SR, 5 Ab PG HE K S 3G 0 , FEK TR B o b 2 3
i, HA L cK ek

AL T AN, &7 /KA A 7 KB B FE 7K
SRR (R 4) o FT A K W& 5 K AL SFE K
FERE CK FRA 38.6% ~ 45.6% ; 16T 15 1 L 11 5 7K
() T2 ~ T4 FE/K IR BE 4L CK F#AIK 28.2% ~35.1%, H.
2] CK FEZK G B BT N R, X AT BE 5 1% A4 B Wk
TTRATTAER 2R (P <0.01) . R4 K
777K T4 FEZK R BE B fIK, A 2.64 mm-d ™', %% CK
FEAR T 27.9% , M T 5 B K AL BERYFEK 5 BE 45 CK
WREARE 20% , 3X W] fig 5 0 48 1080 7K 43 B3 A ¢
FEH IR AR L 5 K 1) T1 . T2 #E/K 58 FE 5 CK 47
PR T 27.6% .29.1% , M iZ 8 5 B = /KA T3 . T4
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FEAKHRBEE UM 1.39.1.03 mm-d ™", % CK 43 B
45.3%.59.4% , H¥ 5 CK fAEM B E 257 (P <
0.01) o PRI 7 25 7087 A A= W 28 D7 75 /K BB ) 7
FEE VR HAFE K R WK A2 bR, B B0 i 2K
FMEBEE 5 A 88 S 3 5 7K 62 U3 R 7 5 B8 52 W) 4
N TR SR A K HAFE K SR A —

2.1.2 FARBHEEMMAE  FEARBE B T /EY
FAE B WRKE AR R AR k4]
A P A A AN R A B AR K BRSO AS 2 B R AR
AR > R B > B RS AE K > TR e SR AR
o FESRRA R, 45 Ab BURE KA R 1k B i e
54.00% ~ 61.61% ,T1,T2. T3, T4 kb BEAE K 5%
CK 58 T 4.3% .5.9% 11.5% 14.1%.
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Fig.1 Water consumption intensity change of wine

grape in different growing periods
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Table 4 Water consumption characteristics of wine grape in different growing periods

Kb Treatments

AT FERSHL

Growth period Water consumption parameter T1 ™ T3 T4 CK
R K91 (20d) Fe/KE Water consumption/mm 26.35 25.02 26.21 23.42 43.06
New shoot FE/K R Water consumption intensity/(mm-d~") 1.32aA 1.25aA 1.31aA 1.17aA 2.15aA
growing period FEKKLEL Water consumption modulus/ % 8.34 8.23 8.95 9.10 10.60

= = 1

FEAE BE S (15d) FE7K = Water consumption/mm 22.18 17.01 18.77 17.89 26.17
Flowering fruit-set FE/K I Water consumption intensity/(mm-d~") 1.48aA 1.13aA 1.25aA 1.19aA 1.74aA
period FEIKHEL Water consumption modulus/ % 7.02 5.60 6.41 6.76 6.44
3 L K1 (60d) FE/K & Water consumption/mm 178.02 173.76 176.32 158.56 219.33
Berry growth FE/KERE Water consumplion intensity/ (mm-d~ ) 2.97bB 2.90bB 2.94bB 2.64bB 3.66aA
period FEIKIEEL Water consumption modulus/ % 56.34 57.16 60.20 61.61 54.00
3 I (40d) #E7K it Water consumption/mm 73.54 71.97 55.72 41.35 101.45
Berry maturity FE/KHRE Water consumption intensity/(mm-d=") 1.84bAB 1.80bB  1.39bcBC  1.03cC 2.54aA
period FEKBEEL Water consumption modulus/ % 23.28 23.68 19.02 16.07 24.98

HNEFRERR P<0.05 1 EKT, KEFRERR P<0.01 I E/KE,

Note: Different small letters mean significant difference at P < 0.05, while capital letters mean significant difference at P <0.01.

2.2 AEIEKLSIEIERERE 2R N

2 s ATIE W, &5 KB =54 CK ¥4
Bk, 5 CKAHEL, T1.T2 T3 . T4 4b B 7= 4y 51| %
8T 19.7% .19.1% 44.7% .61.2% ; N5 5 /K AL ¥
FARRFEEL Y CK ANATER % 25 7 T3 T4 A PR R f o
B E T H AR, B CK AR B E2Z5F (P
<0.01);T1.T2 &b BEFER KB B 5 T HAth b ¥, B
5 KA E 225 (P <0.05); T1. T2, T3 . T4 &b Ff
BRI E AL CK &1 34.8% ~37.0% , H¥ 5 CK 77
TEW R E 25 (P <0.01); 1AM, T2 4B WUE 35 2|
B fH 3.94 kgom ™3, %8 CK #2755 10.1% ; T3 . T4 Ab3
WUE 8T CKo X ZR W, 781 F A= 1 01 AR 2R Al
AT B 5 OGS TG A 2 7 e R MR AN 5 A R AR
IR B 5 KR DA o AR 5 R AR K R R

2 K SRBHI 12 5 ™ T A0 o i e R R 2
MY , B A R A S R A
7K . 25 AR TR TR ) ) AR 0, X PT BB S5 o B T
KGR R B IR R TR R A
Ko

2.3 AREEKLIENEREEE SR

2.3.1 MEERRIERGH 0 HE6AH,TI,
T2.T3. T4 4b B A B4 CK 43 B R AR T 11.3% .
17.7% .22.2% %1 32.8% , Hi4'5 CK 77 1EM B % %
F(P<0.01), Ui B AN [R] 5 7K Ab P 35 2 68 PR TR 17
PPRIE , HAR A IR B 5 K sl R i
JE 5 K 8 S 7 AT o O A A SRR AR, AR T3
BRIk A =8 29.11% , %58 CK 4255 1.38% ;
T4 R, % CK & 0.57% ; T1. T2 524 H i ; %5 4b
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PR AN 135 25 57 5 T UL, AN [R) 43K AL BN SR b
TR B A K, 4575 7K Ak R R 728 44
CK Y945 T RRAR, T1 . T2 %8 CK F&IK T 8. 7% /245, H
5 CKFEREEF(P<0.05);T3.T4 4 CK 4

IR T 13.5% 15.5% /47, HI5 CK A7 ek 2.
FEF(P <0.01) ;X W 2L ol 58 8 5 K Fhr
R RIS s, HRCRAE KM K iR, SR
B KR TR = K e/

RS AEERKEXEREE R BRI EH R

Table 5 The effects of different water treatments on wine grape’ s yield traits and its yields

%L THE THERLEL HRLE P K& KK KT
Qb3 Spike Spike Grain 100-kernel Yi Eﬁ Irrigation Water BR
Treatment numbers weight number weight /(K .1:1 ‘ -2y amount Consumption WUE
/(FE-Fk-1) /g /CkE-FE-) /g grhm /(m*+hm=?) /(m*+hm=?) /(kg'm_3)
Tl 20.3aA 164.0acAB 106aA 140.1bB 11908.3abA 2475 3224.17 3.65aA
T2 21.2aA 158.7acAB 118aA 136.7bB 11995. 1abA 2375 3044 .85 3.94aA
T3 15.0aA 119.8bB 86bA 139.9hB 8205.0abA 2375 2978.60 2.75abA
T4 14.3aA 112.4bB 83bA 135.4bB 5751.6bA 2175 2608.62 2.20bA
CK 21.5aA 193.2aA 90bA 215.0aA 14832.6aA 2775 4146.59 3.58abA
Fo6 AEERKGEXNREEEBERROZN 2.3.2 ALK RIEAFGH A BER T ATHL T2,

Table 6 The effects of different water treatments on T3 ﬂ Bt ‘Ié\ )](j;a‘ é'\ % ijc‘ l%} , ﬁ:}» }Z'JIJ ﬁ 252.70.265. 20

g L7188 CK 43 i 13.7% .20.3% ; T4 R & &

wine grape’s exterior qualities

o PRTWE AR MG RS, 8 CK MEIS 1.65% BT RE SRS KA X
K Grain Grain Grain _ N N N -
Trﬁi%nte V(;ri:; dry matter vertical transverse Z: Iﬂﬁﬂ(ﬁililm ﬂ{%%ﬁﬁgiﬁﬁ&k ’ /H\: EP T3 ﬁ
/e N diameter - diamcler /N, N 7.32 g L7 8 CK MK 13.3% , H 5 K
FAAE B 225 (P < 0.05) , 33 X6 i o 4 485 15 1) 32
T1 1.494hB 26.13aA 1.225bAB 1.220bAB . vt AL e et o
FERCAT 5 T4 4k B AT 2 IR S A, N 8. T8
T2 1.387¢BC 26.12aA 1.221bAB 1.219bAB . /fE] ]:j CK Z“}[’“T“E—H*% o ‘EEﬁ}‘é“FQﬂ;# J(Z_
-LL- ,1H = Al 1~ s 1 T E 7] Al
T3 1.311dC 29.11aA 1.156bB 1.161bB }gFJ E@‘%’H‘E/J E;I}k@&%‘ ﬂ;é j‘ I;ﬂ: %
VFROEHHI FARFERR . AbRE T3 TV R
T4 1.133eD 28.30aA 1.134bB 1.128bB ﬁﬂ:ﬁ ;3 _iﬁ;% i ﬁ IK&{EE " Il ig I:j
¢ CK #E = 5.5%,T4 3 CK X7.0%, 2] =
CK 1.685aA 27.73aA 1.342aA 1.335aA /TElj% ¢ * ¢
CK FFEE 2R (P <0.05),
RT AEEEKACIER EREE E B IR
Table 7 The effects of different water treatments on wine grape’s physicochemical indexes
fbs S AT AE TR Al TR By e sy
Troat ) . Total sugar Titratable acid Soluble solids Tannin Anthocyanin Total phenols
reatments /(g'L7h) /(g'L7h) /% /(g-kg™h) /(mg-kg™1) /(g-kg™h)
Tl 223.15aA 8.34abA 21.4bA 2.885aA 626.78aA 3.832aA
T2 252.70aA 7.70bA 21.9bA 2.892aA 637.70aA 3.838aA
T3 265.20aA 7.32cA 22.9aA 3.233aA 646.44aA 4.378aA
T4 216.85aA 8.78aA 20.2cA 3.285aA 610.78aA 4.375aA
CK 220.40aA 8.45abA 21.7bA 2.430aA 642.92aA 3.015bA

PR 8 25 BT R T R A G 1 IXUBR L 25 A R
JRHL, R R TR e A R AR A R b
FRTI ~ T4 BT & EH CK 2 R T 18.7% .
19.0% .33.0% %1 35.2% ,fHY5 CK 2& 5 Kk i #EHK
-, HLZRIH B 7K D7 e R | 2RO P ek 7 4 T
g B kA T RAL R T, 24
T A0, [R) Bt B AT — o 1) A BT 1 2
RELS, 38 7 WA AL EE T3 AE @A H CK WS, T1.

T2. T4 ¥ CK 43 HIFEA% 2.5% .0.8% .5.0% , £ kb 3
ZRIANAEAE S8 35 25 S, U ) 32 2852 sl 38 B =7 KO0 g
I DAL AT AN T 2R BRI w4 b E Y
BT 22— , 5 A KR I OG ;45 K Ab 2R
MRS ET CK, S CK WA ERE LR (P <
0.05), 3 T3, T4 My & &, T T2 IRz, 43 3
B CK $8 5 27 % 45 % 2o AT , 33 % 205 7 2 TG 1 XU
HAEBEEE L,
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1) J IR A AR T2 RS 7 2 5 7K G BRI, K i
JEiA 2.64 ~3.66 mm-d !, FEAKBESL 5 2] 509% DL L,
I K s 2 BRI i (D80 I 1R 35 61.2% ),
T AR /)N, BB EE RN R EE RIS, S 2 WUE B
SEARALG s BRI 6 e SR T 5 KO e
M /N, WUE 714255 10% 245 .

2) FRA AR 5 7K 25 T SRR A A S R A]
VA 9 R R, AT E IR & T X i BT R

S e K AL A F B 5 K T DA 2 A e A
BEAIAT IR B ) & i, BRI IR % 2, (HL[m]
W25 R (™= W8k 44.7% ) , WUE FiZ T F#
23 % , 2= PRI A 2 7 7K Rk B b b 0 R Y TR

3) A b A B A R RN A AR SR
TR (LIS KR TBRN 45% ~ 55% M%) KR4
K s K (RIS KETRA 65% ~ 75% H
Fi L B RROM R SRR IS 5 K (RS KR
TFRA 55% ~ 65% H A+ ) ok PG # 45 7 it . WUE fix
R P KA, (R ET RE A4 o SR L T v R &
it AR AT TR 1 i, PR A I BT AR
SN ST WY LN e

B TR AR X TR A 2 A B R A T K
WRRENSFECRIE 3 77 A JE Al 1, 42 5 WUE AR 52 &
[, R E IR = LK LK TR B H i, %
] P A e B g DX RS s 2 A P B S L %
TR FHEAT T 7K 3 VR 0T TG 4 2 7 i A0 i SO 5
B AH TR 2 A , T A A 4 15 7= | S o BB
WA TS E .
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