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Effects of drip irrigation water amount and equal nitrogen applicating
organic-inorganic fertilizer ratios on grape yield and quality
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ZHU Yan'? LI Haiqiang"?, LI Shiying'?
(1. College of Water Conservancy and Civil Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2. Bintuan Key Laboratory of Modern Water-saving Irrigation, Shihezi, Xinjiang 832000, China)

Abstract: To explore the effects of different irrigation water amounts and organic-inorganic fertilizer ratios on
the irrigation water use efficiency (/WUE) ,water consumption ( ET) , yield, and quality of grapes in the extreme
arid area of the Turpan-Hami Basin, Xinjiang, a field experiment with four irrigation levels of W1, W2, W3 and
W4 corresponding to 630, 675, 720 mm and 765 mm, respectively was set up. Four organic fertilizer (OF) and in-
organic fertilizer (CF) ratio treatments, corresponding to F1 (70% OF+30% CF), F2 (50% OF+50% CF), F3
(30% OF+70% CF) and control CK (100% CF) were used. The experiment adopted a complete combination de-
sign, with a total of 16 treatments. The study results showed that all water and fertilizer treatments had significant
effects on the IWUE of “seedless white” grapes. Among them, the W3F2 treatment had the largest IWUE. The wa-
ter consumption of grapes increased and then decreased, then increased and then decreased with the growth period,
reaching the maximum during the berry growth period. The grape yield, single cluster weight, and 100—grain weight
showed a trend of first increasing and then decreasing with the increase of irrigation water level. All values reached
the maximum in W3F2, which were increased by 24.25% ~50.26% , 25.26% ~64.65% , and 47.76% ~162.00% ,
respectively when comparing with the control treatment. Compared with the control treatment, the soluble solids, vi-

tamin C, and reducing sugar content of each water and fertilizer treatment were increased by 4.09% ~25.95%,
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3.21% ~27.80%, and 15.53% ~40.59%, and the titratable acid content decreased by 1.69% ~22.96%. Among
them, W4F2 treatment had the highest soluble solids and vitamin C content, and W3F2 treatment had the highest

content of reducing sugars. The findings from the study indicated that a reasonable drip irrigation grape irrigation

system was the W3F2 treatment (irrigation quota 720 mm, organic fertilizer 50% + inorganic fertilizer 50% ) .

Keywords: drip irrigation water amounts; organic-inorganic fertilizer application; grape; yield; quality
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Table 1  Water and fertilization of different treatments
WK AL Fertilizer rate/ (kg + hm™2)
Liis Irrigation AL ToHLAR Inorganic fertilizer
Treatment  volume Organic

/mm fertilizer N P,0s5 K,0
WI1F1 630 9000 90 150 300
W1F2 630 6500 150 150 300
W1F3 630 4000 210 150 300
WI1CK 630 0 300 150 300
W2F1 675 9000 90 150 300
W2F2 675 6500 150 150 300
W2F3 675 4000 210 150 300
W2CK 675 0 300 150 300
W3F1 720 9000 90 150 300
W3F2 720 6500 150 150 300
W3F3 720 4000 210 150 300
W3CK 720 0 300 150 300
W4F1 765 9000 90 150 300
W4F2 765 6500 150 150 300
W4F3 765 4000 210 150 300
W4CK 765 0 300 150 300
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Table 2 Irrigation and fertilization time design
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, ” 06-17
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B th iod 7 7 07-01
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) 1
B’fz%mz?;‘”f 5 7 08-12
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Rk B
Bt , ;
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Fig.2 Effect of irrigation amount and organic-inorganic fertilizer

application on the grape irrigation water use efficiency
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Table 3 Two-factor analysis of variance for IWUE of irrigation amount and organic-inorganic fertilizer application ( F value test)
FEFR Index W1 w2 w3 W4 Fl1 F2 F3 CK Fy Fp Fyur
IWUE/ (kg - m™) 45.2 51.08 53.06 49.32 49.54 54.34 49.18 45.6 186.99% " 149.19"* 90.28" *
Teo o = SRIFR P<0.05 Fl P<0.01 KFFEAE B EPEXE S R,
Note: # and * * indicate significant differences at P<0.05 and P<0.01, respectively, the same below.
F4 BEESENETHREENARESRHEEREREKE(ET) UM/ mn
Table 4 Effect of irrigation amount and organic-inorganic fertilizer application on
water consumption of grape at different growth stages
I BrEA K L5 A K He RS Ll SAEK
fb g 55 RS A 3 RS ALY L33 ﬁE? m FEAK
- New shoot . Berry growth Berry Vine Total water
Treatment Infancy . Flowering ; . . .
’ growth period period maturity maturity consumption
WI1F1 74.50+3.67cd 155.92+7.14de 27.64+1.31d 260.07+15.73¢d 165.75+7.67cd 65.47+0.97fg 739.35+21.74f
WI1F2 74.21+3.66bcd 152.40+6.08def 27.22+1.38d 252.03+13.95de 157.34+10.53ef 64.71+1.72fg 727.91+6.241g
WI1F3 70.92+4.00d 146.86+6.87€f 26.73+1.62d 245.78+12.47e 153.27+6.74fg 62.31+1.12¢g 705.87+11.4gh
WICK 70.99+4.25d 144.39+4.86f 26.30+0.92d 233.09+15.21e 151.53+8.04¢ 62.00+1.89¢g 698.30+6.27h
W2F1 79.28+4.06bc 163.90+8.54bed 30.33+1.02¢d 281.05+8.35ab 171.15+8.84bc 67.47+1.81ef 791.52+7.22¢d
W2F2 76.19+2.77bc 162.65+8.40bed 29.42+1.09¢cd 274.27+9.94bced 169.62+7.89hc 66.37+1.78ef 777.44+13.43de
W2F3 75.54+3.06bc 159.94+8.13cde 29.31+1.27cd 264.35+9.72bc 161.55+9.92de 65.40+1.791g 756.10+27.63ef
W2CK 75.12+3.28bc 155.02+9.47de 28.91+2.15d 257.33+11.96de 161.05+7.06cd 64.35+1.65fg 742.78+9.51f
W3F1 81.72+3.09bc 179.88+6.19a 33.89+1.36ab  286.72+7.85ab 180.44+7.66ab 77.88+1.67ab 836.54+13.77b
W3F2 81.03+3.81abc 173.32+5.46abc 33.59+1.94ab 282.35+12.56abc  177.90+12.12ab 74.38+1.93bc 800.56+9.72bc
W3F3 79.56+3.80abc 162.29+5.53bed 32.35+2.55ab  279.86+13.63abc  172.78+13.30bc 71.30+1.11cd 800.13+20.48cd
W3CK 79.90+5.59%abce 158.24+10.89de 31.51+3.86bc 273.76+16.46abc  171.41x12.34bc 69.44+1.92de 784.27+26.40de
W4F1 83.34+3.09a 186.80+6.12a 35.20+1.88a 295.49+14.19a 191.70+6.38a 80.81+3.58a 870.33+18.26a
W4F2 81.62+5.69ab 178.20+9.27a 34.41+2.57ab 290.14+11.42ab 187.24+7.05ab 76.67+2.21h 845.28+16.08ab
W4F3 81.99+4.96ab 176.02+7.61ab 35.10+1.42a 282.83+7.93ab 179.41+9.49ab 74.94+2.30b 830.30+14.82b
W4CK 81.12+3.87abc 173.90+5.88abc 35.52+1.62a 279.75+12.41abe  174.07+8.05bc 75.80+2.33b 817.17+12.82bc
WK 22508 (F [ERKE) Two-factor analysis (F value test)
A 13.163 * 33.081" " 48.31" " 18.68 " * 19.11% " 126.92* * 131.40* "
F 0.39 7.10" " 0.44 3.69" 457" 14.69* * 20.73* "
WxF 0.28 0.49 0.41 0.18 0.12 1.45 0.11

AR BRI R AL ] 22 5 L # (P<0.05) 5 + Al + o+ Z0j|3R/RFE P<0.05 Al P<0.01 /KE N5 3, T,

Note: Different letters indicate significant difference (P<0.05); * and #* * indicate significant difference at P<0.05 and P<0.01, respectively.

The same below.
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Table 5 Effect of irrigation amount and organic-inorganic

fertilizer application on the grape yield

AIEPEEIE Y 4tk R C RGA JE P & 2 iR
W1F2 Ab 3 %) P R o e 1K

TE[F]— it AL AKSF- T, i 26 R 1k DR 4 | FT
SERMAEA R C RIBHTH KA, Wa K55 i
K&, 9 Wi, w2 W3 1 14, 96% ~
20.27% 12.34% ~26.92%H1 15.86% ~41.71% ,9.05% ~
18.00% .0.62% ~11.76% F1 3.73% ~23.69% ,3.18% ~
7.77% 1.69% ~2.87% F1 0.11% ~ 4.89% ; 75 7 140 J5T
P 7 12k B oV TR /K ST A 3 A T 2 S 4 RS
INHREH . AE W3 AR AT DR ik )
BRI W1 W2 Fl W4 BE KK 4R 7 15.52%
~23.67% 0.57% ~13.86% }% 0.08% ~1.58% .

TE Rl —VE AR A0 L it JCHLAE  F1 F2 F
F3 JIEACE AR BIEY) i3 C FR R PR &
B 2.25% ~ 8.72% . 3.21% ~ 21.58% F
20.49% ~32.94% ,4.49% ~27.80% .18.88% ~25.95%
F128.57% ~ 40.59% ,10.48% ~ 18.34% . 11.06% ~
18.11%F1 15.53% ~28.41% ; 1l % & R 25 43 ) FAAIG
1.24% ~8.84% 2.90% ~22.96% 2 1.69% ~12.19% .,

3 1

TEHT SR 2 Kb R HLAD R A SRS AE T A A
N AEARAEY IWUE )0 7E X5 T W1 5 3 46 7K AL 4
PR A R SO AR A T A
KSR BE , B REBE A3 K, #% IWUE KRB 5o

Fo HMEESHVIYILE X EE &R

AEEE PR/ (kg - hm™?) Eﬁ#ﬁﬁ/g HHRLH/ g Table 6  Effect of irrigation amount and organic-inorganic
Treatment Yield Single string One hundred fertilizer application on the grape qualit
reatmen € weight grain weight ppie grape q Y
WIFI 18156757f 573=16i 172+6h nhgm RIEREDEY) TR Ve MR %
W1F2 2021327956 616+ 15¢ 163+5h Treatment Tutal.soluhle Tltltatable /(g - 100g71 ) Reducing
. X solid/ % acid/ % sugar
WIF3 186195671 536+15jk 160+5h . -

. . WIFl  17.76:0493¢f 0.4619:0.0224de 6.44+0346fg  19.4x1.22de
WicK 18942685t S12=11k 151x4i WIF2  20.65:0.589c 04071:0.0242f 6.52:0467f¢  20.71.48d
W2F1 23421£679d 69020e 24551 WIF3  19.19:0.668d 0.4462+0.0266¢f 6.93:0282¢f  18.61.17¢f
W2F2 25462£556¢ 733£17d 246+7f WICK  17.37+0.553f 0.5006£0.0179cd 6.24+0.573g  16.1x1.07¢g
W2F3 22918+717d 650+9fg 255+9¢f W2FI  18.54+0.431de 0.5228+0.0254abe 7.61+0.447de  22.6+1.14c
WK 20147645 53041 2078 NI 0550560 0508001 §00 DRl 2025 P

. 3 .J0x0.. c .. +0). C U5x0. Cf W= I e
W3Fl 25687:586¢ 78617b 388 3ab W2CK  17.39+1.096f 0.5293+0.0336abe 6.97+0.133¢f  17.0+0.93fg
W3F2 28463+592a 843+9a 396+7a W3F1  2136:0.727¢ 0.5317+0.0127abe 8.38+0.501be  23.9:+1.12abe
W3F3 24816+623¢ 736%13cd 383+7b W3F2  23.74+0.603ab 0.5117+0.0311be 9.01+0.346ab  25.6x1.23a
W3CK 22907+858d 632+16gh 268+6d W3F3  2291:0917b 0.5404:0.0223abe 8.55:0441abe  23.0:0.81c
WAFL2SI09sBSTe  7S0sl3ed 3350 WAL 20700100 0562003070 87906260 24 11 20

. I+ . C . +0). abc o. +0). abc Ax1.2%abe
War2 27211:642b 840=18a 32610c W4F2  2398:0.807a 0.5167+0.0273abe 9.24+0.704a  25.2+1.15ab
W43 25384£527¢ 763x21c 323£8c¢ WAF3  21.64+0.673¢  0.5559+0.0105abe 8.54+0.354abe  23.5+1.37he
W4CK 20847+574d 673+ 10ef 265+8de WACK  19.04+0334d  0.5624=0.0252a  7.23+0.518¢f  18.3=1.25¢f
WA E T 2007 (F (%) RUHF T 25M7CF ()
Two-factor analysis ( F value test) Two-factor analysis (F value test)
W 297.718* " 587.071" * 2238.406 " * i 4240 5.708* 9.101" 2627
F 94,548 * 323.462" ¢ 291.932* * F 3.594* 2.765 1.426 3272
WxF 6.458** 10.308* * 33.082"* WxF 0.177 0.226 0304 0.16
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