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1.1 FARXER

WIS T 2019 4F 4—9 HfET B[R H iR XA
T3 22 Bt R Lo B 2 A T U A R
9 X HE47, 7 TAb4 38°42', A% 10693, 4—9 H
A E N FEKEN 126.3 mm. W56 X TR
1145 m, RIH LA L, >2 mm bifsE
42.37%, FHAFRF &)y 1.39 glem®, H[AIFEFKZ (4
B T 20.83%. BRIP4 A= LHTE, FEHL
JEBCEAES, IEWIGGEAE R 1 R

k1 X A

Table 1 Initial fertility of tested soil
A BUREE SRR BAETE  ANUREY
(@kg)  (mgkg!)  (mgkg?)  (mgkg!)  (gkg)
8.94 0.33 80.79 34.97 71.86 18.31

1.2 It
R KH I3 =K BENLIX H 511, i 7 =0
RIRBEE 3 MK TEREE (AD. R ERHEE (A2)

AR (A3); A F eI R EE 31K
P wK (WDL 7K (W2) AMRK (W3). 1kEe 3
11 9 MAbFEE (AIW1. AIW2. ATW3. A2W1. A2W2.
A2W3, A3W1. A3W2. A3W3), Hr AIW2 Hilis:
XOGHIE, BEAMA0EE 3 IRE R, St 27 MK, &KX
AR 245 m? (7 m>B85m). iUk [E XK MG T
IEHHE B AN B K ITUE JE R 7K o SR FHEC I L,
BEOCHE /K BRI 8] TR AR UK IS TR 24T B &L, BT AHEK
JREK, HERRREACERR . 56 DL P K
TER-F KK RS IR, KK AR KK 43 BilAE
IKIKF- ALl b S AN/ 25%. 35605 5 WA 2.
k2 XBFTE
Table 2 Exprement treatments

Ab3 HHETT (A

7B T W E B WI(m*hm?)

AlW1 TR (AL FK (WL
AIW2 (CK) LR (AD ik (W2)
AIW3 ToRE T (AL ik (W3)
A2W1 JE L (A2) 7K (WL
A2W2 JEE L (A2 K (W2)
A2W3 JE i (A2) iRk (W3)
A3W1 JI RN (A3) FK (WL
A3W2 JIE N (A3 Hk (W2)
A3W3 JE T (A3 Rk (W3)

1.3 RIS

PL 6 a A= BRI A A AR S B ONRAL, W o e
ZEHAL BT AR JFTEIA . SRS K WA o il
W, BWriEm g 3M, KRB 0.7 m, 47FE35m. ik
& 016 PN AR RERT, WSk IAIPE 30 cm, ki
2 2.3 Lh, R R HO@E R 3 T B A . R, AL AR
FH B TAE,  DACRIEBR P & 4 1Y B AR K.

% 3 BUBR B RN
Table 3 The phenology of wine grape

LR it R HR A THAE RSN K =R ait
EE] 0405 0414—0422 0423—0516 0517—0526 0527—0725 0726—0919
i fal/d - 9 24 10 60 56 159

T BB I A A A AE AT AR LA 40 om Al e

i R VEE B A T R T A RELAT AR LA L 40 em #i i, JF

H1 1.2 m 0@ AGERE T A7 bR s -3k 47 7 i 5

JECT B R A AR A T, IR 12 m e
AT A S B0 g Y 4 e AT 7 7 . 1R el X SR
Tt PGS P K A BEEA T 7K BE — IR AL AR, 3B B4 51 E
B ZE I SRS AN R AT, P it R
Z (& N & 46%) 156.9 kg/hm?, s —% (& P,0s
F61%, & N & 12%) 39.3 kg/hm?, R4 (& K,0
£ 529%)36.9 kg/hm? . A 35 B 79 75 000 398K 23 15
FLARVE KRB AE A B L3 4 FIEE 5.

£o4 KRN

Table 4 Irrigation implementation
WK AFW HEIK I ] BEKALEE WK EBU(mPhm?)
W1 (E7K) 765
1R B 24 0418—0420 W2 (H17K) 615
W3 (7K 450
W1 (E7K) 765
2w BEAN 0527—0529 W2 (Hi7K) 615
W3 (%7K 450
W1 (E7K) 765
3w BRI 07270729 W2 (KD 615
W3 (fi£7K) 450
W1 (E7K) 2295
IWAEIT - - W2 (7K 1845
w3 (%7K 1395
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Table5 Application amount of pure fertilizer

W erm OB N ROJ KO
mHAE (kghm?®)  (kghm®)  (kg-hm™)
1 W 2 0418  44.20 476 3.82
F2k R 0527 16.31 9.61 7.72
¥ 3 HORAM 0727 1631 9.61 7.72
&t - - 76.82 23.98 19.26

1.4 MEDE KA

WA NI F ) 3 Mgk ATRR S, I
NGFTHA KT Ia 28Tk (7 A 15 HtAT 394,
PAORIESR S IEH A AR5 10 d {8 RS RIE
WRKEL, A drbs = RO 2, 398)s, A
UL A BEAN 220 . VR AE R T8 254 st
G, AN AR TERI R 3 4R, R AR

FARA) 3 A RAEZEAT HE RIS, AR G b

L R 3 ORIRSTIEN . B IFECEIE, &R
10 d 5 R bR R R o« LE R, Kl
ANGEFE 3 AN XA R IR BT & # X
BEATLEEH 100 o 45 I & 7R &SR IME . W%
WS S S B SRS i, A AL BB LR SR A AR
TR 10 A, IR AR MREH ARG
W AT T 0 JE R R R . ] VA [ A
PriHGaEm e . EIRPER 3,5- KR EL ik
e 8 P P Rl e Y o

4% H Excel 2016 1 DPS 7.05 #3347 Ab B

2 HBRE5 S

2.1 ARICEMNEREBEFEE KM

1 NPT 2R, B L T LAEH, BY
BRI E P OELE T RN Y RS SR Y SlE RS =
FREAAE, 5 H 4 FRTHTRY A R A K R
P (3.4 cm/d), 6 H 23 HJGhE R KHHK
JEE (2R KR B BT ZE (1.2 em/d) . EVHETT 5
AR BV T AU L PR K FE T I K F
ANHEB AR T HE A3 (178 cm) > FIE A2 (174
cm) > TCIEEEE AL (171 cm), A3l A2 Kb 5 EL
AL JEFHRE K FE RSP IE R 4.49%F1 1.76%. 7E#EBE
TER—E ST, S HE 7 20T B BT K B 145
KBNS A= 7K WL (178 cm) > 7k W2 (175
cm) >{K/K W3 (170 cm), e W1 LA W2 4hBE
35 b W3 AT A FE IS SAME K 4.91%F1 3.14%.
BURZHT ASWL ALER (BTN K FEIA Bl K 182 cm,
Et AIW2 (CK) AbHEFRHIAY K K 5.42%.

Kl 2 NERIPS R 2 T RS 2R, I 2 aTRLEH, B
AR ER 2 2K S TR &, 5 H
4 H FH AR KA 2R G K R (0.19 mmid), 6

H 13 HJGBEAE RS R, SO0 Ao B T F A
TP 0.02 mmid). 7ERRETT & %4
T, 5 HEWE R AN R 2R P I E MO B INHES A
RHE A3 (13.36 mm) >JE [ A2 (12.78 mm) >
TIEE AL (12,51 mm), A3 Fl A2 kb3 5k Al
AR FE SR AT EME K 6.77%F1 2.13%. 7EFEBLEH—&
FME s SRRE T 2O R ZER PP E KRR NHER
P9k W1 (13.44 mm) >r7k W2 (13.03 mm) >
/K W3 (12.19 mm), FHirdr W1 Lb3F W2 AEBE 53 531
bt W3 AP - FHA1E K 10.23%F11 6.86%. A3W1
ACFE I ZERE B BN 13.92 mm, EE AIW2 (CKD) 4k
FRIHTREZEH K 10.92%.

200
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Fig.1 Length of new shoots of wine grape
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Fig.2 Stem thick of new shoots of wine grape
2.2 NEIACIEEN BRE @R AR
Bl 31 4 F3 9 R PG e 2 A BRI i 26 1A

HE 3. B4 mTLUEH, BRINEZE AT SRR
PR “S” Jeihsk b, 6 H 24 HETR S ®
FERR (0.25 mm/d) JEIZETIRZE, 8 H 3 HE kil
WL =K (0.07 mmid) G TPREiEa. 4
FEWESE RN — e I, TRIP 3 49 I A AR AR LEAS [R1 E
77 R AR — B, YOI RE A3 I L
HEOA2>TCIEHE AL, AW RE T N — e, R
A3 Fil A2 b FE 5 E AL b3S HE I 8 R 1 ~F Y
EK 6.35%#1 2.03%, HA1E7ltL AL Ab2E % HEBE
SERREAR P IME K 5.77%H1 1.61%. 1E&FFRE T
3
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T, B FEREE A3 0, BRI R A AR R R AR
P BRI R B RS W1 A FEAT W2 b EEL
BHIFIME 7 A b W3 b HE 5y 6.79%F11 4.38%, #i4%
FIF- 24048 2 731 b W3 AbHE 1 7.00%A11 4.11%. RS
A3W1 Kb BRI A AR I8 2 s KK, 435N
13.50 mm 1 13.38 mm, 437tk AIW2 (CK) Ab#EF)
YPAF IR K 9.22%F11 8.96%.
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Fig.3 Longitudinal diameter of wine grape
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Fig.4 Transvers diameter of wine grape

2.3 AEIIEXEREREE =Mk 5 FI AR F20h

AN A RO HE S FRP HORL B PR SERRTR K
SRR R BRI A58 6 s o iR A —
SERS,  EHE 7 2O R IR BRI & ) AR R — 3K
105 HEWE /KF R BRI 2 MK BN HEB I 22
JIES R TR EE A3 JIEE I HE A2> TC IR HE AL, A3 AbTH
F A2 GB35 b AL AbBEERLI £ (1) SF A 4E K 5.98%
H12.32%. FEFpEEE TN, B I A 3 0
BT RGN, WL ARFRAT W2 KBRS R R
B I EE W3 ALK 8.42%411 5.05%. A3W1 AbH
HR R E RN 1165 g, H AIW2 (CK) AMFEIH
R &R 10.11%. & Ab3[A] (R i B 2 AR -

VEWLE B BN, BT TN R P R K
F/NHEF 4 9 S i EE A3 > I ik EE A2 > TC i e
Al. A3 F1 A2 KbFE & BERE E BUKT R e 2 -1
BB AL KbFE K 48.26%F1 20.26%. H&FFhi#E T
XN, BEE KRS, BRI E =8 m. wi
W2 LB B P EME 43 1 B W3 AR BEK 60.18%
4

A129.03%. ABW1 AEFHAR i %) B KON 10 454.20
kg/hm?, EL AIW2 (CK) AbFEfP= 5 89.30%.
& 6 AR AR R E S EROKS A A RE
Table 6 Yield and water use efficiency of
wine grape for different treatments

e [ER FER SRR K &Y K5 R
JiiElg (kg-hm®) (m>hm?) R (kgm®)
AlW1 110.1ab 7 108.70bcd 3282.86 2.13
AIW2 105.8ab 5 522.43¢fgy 2944.12 1.83
AIW3 100.8b 4397.71g 2533.14 1.69
FHME 105.6 5676.28 2920.04 1.88
A2W1 111.1ab 8 263.61hc 3342.49 2.45
A2W2 108.7ab 6 868.91cde 2 956.12 2.24
A2W3 104.2ab 5 345.91fg 2338.64 2.12
SER8AE 108.0 6 826.143 2879.09 2.27
A3W1 116.5a 10 454.20a 3307.27 3.09
A3W2 112.6ab 8 412.37h 2905.10 2.83
A3W3 106.5ab 6 379.91def 2 445.89 2.60
FHME 111.9 8 415.49 2 886.09 2.84

- FESIAFR/NG FRERR A FE AL ERLE P<0.05 K2 5 B3 .

YVEWEE R — e, BT O R 7K 3
R MRS RIS R HE A3> I e A2>
TolE AL FEFMEETT T, SEPRRKE AR
PR A REBE e A 3G N s o, ok A2W1 Ak
FISEPRTR K BB RN 3 342.49 mPhm?, A2W3 bR
PR K& /N A 2 338.64 mihm?, 435Il L ATW2
AEFE I SE B A /K B 0 15.53% A1 41 20.57%. A3W1
ALFR K23 R R kN 3.09 kg/hm?, A1W3 b
(197K 43 ) R de /Ny 1.69 kg/hm?, 43 il ATW2 4b
H(CKD) Bk A HI R 38 n 68.85% 1B I% 7.65% .

27 FRAREBREN H 5K
Table 7 Quality of wine grape for different treatments
AR EERE (U BRR (CUNAER

WLEE TED% EFE 1% i) I(gkgh) R
AlW1 248 17.2 472 53.26
ALW2 238 15.7 4.47 53.69
AIW3 20.0 12.5 4.14 48.38
FHME 22.9 15.1 4.44 51.78
A2W1 23.4 14.9 5.26 4452
A2W2 24.2 16.3 4.92 49.70
A2W3 24.0 16.0 452 53.28
SPHME 23.9 15.7 4.90 49.17
A3W1 21.0 13.0 5.98 35.23
A3W2 22.8 14.3 5.40 42.66
A3W3 23.0 14.6 5.31 43.32
FHME 22.3 14.0 5.56 40.40

2.4 RIS BREEE MRS

R T NN R R R R 4 S, (R 7 AT LLE
AL, A2, A3 T 3 FhBEE KT i AT v
& Y IE 5 BN 22.9%. 23.9%F1 22.3%, fE
20%~25% ) 5 BRI P9 o JBE R RE 7k A3 T 3 Fi
VETL B FUKCOT (O FEBR LL 29 (E 8 40.40, 11 5L 3 e
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Sk 35~4514, o A2 KbERAN AL AbERFEL F IR 45
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AP [ A RIS R P S B RON A EE

3 3T i
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The Effect of Irrigation Amount and Drip Irrigation Methods on Growth,
Yield and Quality of Wine Grape
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Abstract: [Background] The eastern foot of Helan Mountain in Ningxia is thought to be one of the most suitable
“golden zones” for wine grape in the world, and a large-scale grape cultivation corridor has been proposed to be built
with drip irrigation tipped as the most suitable irrigation method in this region. While the benefits of different drip
irrigation methods to grape growth have been studied, most of them focused on comparison with traditional furrow
irrigations under different irrigation amounts. In contrast, there is a paucity of studies on how different drip irrigation
methods and irrigation amounts combine to affect wine grape growth and the fruit quality. [ Objective] Considering
gravel texture of the soil in this region, this paper is to plug this gap in attempts to find the most suitable irrigation
amount and drip irrigation system for industrial-scale production of wine-grape in this region. In particular, we focus
on how different drip irrigation methods and irrigation amounts impact growth, yield and quality of the wine grape.
[ Method] The experiment was conducted in a field, and it considered three factors: mulching, drip irrigation
method and irrigation amount. Combining the first two factors, there were three irrigation methods: drip irrigation
without mulching (ALl), drip irrigation above the mulching film (A2) and drip irrigation underneath the mulching
film. Added to these three irrigation methods were three irrigation amounts: high (W1), middle (W2) and low (W3).
Overall, there were nine treatments which were designed using the randomized block experiment. In each treatment,
we measured growth, photosynthesis, yield and fruit quality of the wine grape. [Result] Both mulched drip
irrigation and increasing irrigation amount can promote growth and development of the wine grape, with the average
new shoot length and stem diameter increasing by 4.49% and 6.77%, respectively, compared to drip irrigation
without mulch. With irrigation amount increasing, both the 100-fruit weight and yield of the grape increased
gradually, with average yield of the drip irrigation underneath and above the film increasing by 48.26% and 20.26%
respectively, compared to irrigation without mulch. The sugar acid ratio of the grape irrigated underneath the film
was in the range of 35.23~43.32, more reasonable than those under other drip irrigation methods. [ Conclusion ] With
annual rainfall of only 126.3 mm, irrigating 2 295 m*/hm? of water in 5~7 times with the much film covering the drip
emitters is optimal for growth, yield and quality of the wine grape grown in the gravel soils in eastern foot of the
Helan Mountain.
Key words: Eastern foot of the Helan Mountain; wine grape; drip irrigation; irrigation amount; film mulching
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