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Effects of fertilizer-water regulation on quality and yield of
greenhouse grape under delayed cultivation

HUANG Ying, AN Jin-giang, ZHANG Rui, XU Bin, WANG Zhong-peng, ZHANG Xiao-xia
( College of Engineering, Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: In order to fertilize and irrigate properly and get high quality and yield of greenhouse grape under delayed
cultivation, the effects of three different fertilization levels (upper level fertilization, middle level fertilization and lower
level fertilization) and four irrigation thresholds (Wet, mild stress, moderate stress and severe stress) on quality and
yield of “Red Globe” grape were investigated. The results indicate that the effect of different irrigation threshold on the
grape diameter and grain weight was extremely significant, the effect of interaction on the figure index become significant.
Total soluble solid (TSS) first increased and then decreased with the fertilization level, the titratable acid content in-
creased with the fertilization level. It can increase anthocyanin content and enhance the grape resistance while fertilize
and irrigate reasonably. The yield of grape increased with the increase of fertilization level, and first increased and then
decreased with the water deficit. By comprehensive consideration of increasing yield and grape quality, under the treat-
ment of upper level fertilization (the content of N, P, K were 161.92, 53.97 kg-hm ™% and 44.98 kg hm~? respective-
ly) and moderate stress (55% ~60% 0,), the yield of greenhouse grape under delayed cultivation was highest and the
quality was preferable.

Keywords: fertilization level; irrigation threshold; grape; yield; quality
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REGT 2013 4E 5 H 2 2013 4F 12 A7EH A 5K
T EE L g O A T o IR O TR AR T S L
T 1), L FH AR AR A 101°24'E, 37°58 N, 4k 1 482.7m,
R KFE N RIZIRE E KR, WAL T
WIS RE RN 157.9 mm, ZE KN 1 290.25 mm,
JE SRR R Rl R T 5, S IX I L
HH )35 7K %6 22.8% , pH (N 8.4, 14, LA FH
JE A 1.45 grem™3,0 ~ 20 em AL & B 1.365%,
fH A 61.8 mg'kgfl,ﬁﬁﬁ@i 13.4 mg-kg’l,iiiﬁ%q}
190.4 mg kg™ ',
1.2 #Hik1Ew

BEIRXAEYI A 2 a MBI 2 , o R R 203K, bk
FR1 m, A7ER 2 m, $ERE ) AR AR KEE A W=l OF
KO TR VE IR , 1 R 5 Bt SR T H IR & K, 2
FLHE AL 8 mx 80 m.,

1.3 Rt

2013 4FFEAF LT LR A= 7 3R 43 Sy i 2R3 (05 -
03—05 — 13) JhE (05 — 14—06 — 12) JFAE AR FL 1
(06 - 13—06 — 20) FE FL I K (06 - 21—09 - 09) .
E (09 - 09—12 - 20) . {56/ X % HLIX
BT, RAZK S R R g i 7 X o 7K 5340k
4 ATHEIKIKT, B 38 5 7K 38R R A [E] 7K = 1)
75% ~80% (7K W,) .65% ~ 70% (2 FEria W,) .
55% ~ 60% (M EE M8 W3) (45% ~ 50% (B a8
W,) , BEKEHI N 270 m < hm =2, AERE 3 NIKSE,N
PiK=3.6:1.2:1 [, #HEA R, B AL F (N,
P K Jiti A 4351 226.69.75.56 kg hm ™2l 62.97
kg- hm™2), I F, (N P K Jifi A 543504 161.92,
53.97 kg*hm~2H1 44.98 kg*hm~2) &AL F5(N.P.K
Jiti A543 )R 97.15.32. 38 kg hm 2 Hl 26.99 kg-
hm ™), A BIREAE T 2 3% 1, 36 12 b B, b B
w3 ANER I 36 /MK, EANX TR 12 m? (6
mx2 m), BRI 2,

x1 SHEERAR

Table 1  The fertilization scheme in different growing stages
e sy RN BRI Bl REW
e Vining  Blossom Berry expansion Coloring  Picking

Fertilization . . . .

stage period period maturity  period

N 25% 25% 30% 0% 20%

P 25% 25% 30% 0% 20%

K 20% 25% 20% 20% 15%

®2 WHBEEMERT
Table 2 Overall design of experiments

4hEm (ﬁméﬁigigﬁﬁ%) Jiti NNE/(kg-bm*) E@Pﬁ/(kg-hm‘z) Jiti KE/(gg-_hm-z)
Treatment Lower limit of soil water content apphcatlon P app]lcatlon K app]lcatlon
(percentage of field water holding rate) amount amount amount
W,F, 75% ~ 80% 226.69 75.56 62.97
W, F, 65% ~70% 226.69 75.56 62.97
WiF, 55% ~ 60% 226.69 75.56 62.97
W,F, 45% ~50% 226.69 75.56 62.97
W\, 75% ~ 80% 161.92 53.97 44.98
WF, 65% ~70% 161.92 53.97 44.98
WiF, 55% ~ 60% 161.92 53.97 44.98
W, F, 45% ~50% 161.92 53.97 44.98
W F, 75% ~ 80% 97.15 32.38 26.99
W,F, 65% ~70% 97.15 32.38 26.99
Wi, 55% ~ 60% 97.15 32.38 26.99
W, Fs 45% ~50% 97.15 32.38 26.99
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2) ALY E B2 : NaOH i 5 125 (GB12293 - 90 ) .

3) i C:2,4 - TRYEETEH

4) AR Aot R B 4 B AR BT
R, LA 0.1 mol - L™ 'R R £ WV WM S LU,

I EHAE 530,620,650 nm K R I E 4R BUK
G BEAH, I+ H Greey NAMER TR IR E R
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R 0.01 B HL TR E 25 /NX T A A 2 17 1, 9
S IR UE i kg hm ™2,
1.5 #HEAIE

IR B K ] EXCEL 2010 F1 SPSS 19.0 4t it4y
WA T H5 40 537 o
2 iR 550
2.1 AREIZKIEAIETEE R AR

FH 3 0, HE K K T X 4 25 AR 1 R i) 2 A
FIKF(P <0.01), HEIK K x it JE 7K P %of 4 25 0
BRI 52 B KO- (P < 0..05) , B KR, i
B INAR BE K 73 SRR B I s i sk /s, AR A
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Fig.3  Effects of fertigation treatments on appearance quality of grape

142 /mm P42/ mm AR R E /g
WK i BB A Transverse diameter Longitudinal diameter Figure index Grain weight
Irrigation Fertilzation [t Z (a3
level level 09 - 09 09 - 09 07-05 09 -09 Enlarg — ement Coloring
period maturity
F 23.43a 25.99a 1.24ab 1.12ab 6.71a 11.25a
W, F, 22 .85abe 25.96a 1.25ab 1.140a 5.57abe 8.42cde
F5 22 .48abe 25.07abe 1.21ab 1.11ab 6.48ab 11.06a
F 21.68c¢ 24 .86abc 1.28a 1.15a 5.42abe 7.05d
W, F, 22.06be 24 .56bc 1.23ab 1.12ab 5.24be 6.89d
ks 23.52a 25.74a 1.22ab 1.12ab 5.20be 7.91cd
F 22 .41abe 24 31be 1.22ab 1.08bc 5.23be 9.02abed
Ws F, 23.41a 25.17ab 1.22ab 1.08bc 6.35ab 10. 19abe
Fy 23.02ab 25.81a 1.24ab 1.13a 6.57ab 10.40abc
Fy 22.94ab 24.29bc 1.22ab 1.04c 5.54abc 10.74ab
W, F, 23.08ab 23.93¢ 1.19b 1.04c 5.24bc 10. 10abc
F; 23.02ab 24.53bc 1.22ab 1.07¢c 4.78¢ 10.04abc
BEERE (P (E) Significance test ( P values)
AR Fertilization level 0.3637 0.1971 0.4855 0.4126 0.7750 0.2338
HEIKIKSE Trrigation level 0.2038 0.0001 0.2604 0.0000 0.0047 0.0001
HEIBACY: x HUAK P 0.0103 0.0173 0.3634 0.0380 0.1167 0.2467

Fertilization level x Irrigation level

TEARVNFREFRIR P<0.05 IBEER

Note: Within each column, different small letters mean significant difference at P <0.05.
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C FIAE T RE K 4375 SRR BE 0 D0 58 S 38 K5 087N
W HEK KR, F, AL BE AT IR Y 4 B e ) 0
Fs @i 6. 11%H15.29% AR C Easrild e 7y
A F; B H10.14% F1 35.41% 5 F, i iE KSR, Wy 4b
PR SEA R CH R BIEE W, W, W, 55 H19.90% |
17.35% .22.88% , ALt 5 & A Al W, W, W, 15
H19.23% .19.23% 15.74% , 7K BB B A 3500 KA R
LU IG5 M, v R T 36 VB KK T 5 A R K- 4 A
REPE IR R LA, MO SR AR S T
2.3 FEKPELIERTKBELE = HF = BRI
NE MR A 7 7 26 i A — e IR T R
i i AT A LG, 2 A R R R EE AR
PRI, AR S A AR S S HE R R R R K Y
FI ARG FNIK 53 A 7= 22 b it NS P38 g 16 m , 4
W EPNE R A 7 T R, H Wy KO e I
XA P R B K, By LR R A PR R B e
Fy 5 41.21% . 13.56% o A R fta I8 AKSF- 2644, 4
B PR W BIIC e 2B A K G R B
5 S S KGN 1y e, K o R TR FIK 53 A
AR R K 43 SRR RN SE T ,  aE E] Wa KOF
IR, TE Fy By Fs 250, Wa XL % 7 2 43 il L
W, PR 59.71% 47 .54% .65.02% . W,F, b3
)46 % P e i, M 38 937.68 kg hm ™2, {H K 43 F)
FHZE KA P R AR A 7 1 9k S i, 2K 2 A
FHEFNEREAE 7™ T3 53 538 e i i), 7= 543 e Wiy
T F% 28.8% Fll 41.2% o H B2 Jifp3E #E 7K K P Fi o I
I 20 G A A e LA, HLK BB R 23, 3
LEET

R4 KEXEEEFTRRAFIT

Table 4  Effects of fertigation treatments on nutritional quality and yield of grape

fb3m AR ETEY AR RE R Ve &8 TE@ﬁ‘. B LE
Treatment Soluble solids Titratable acid Ve content Anthocyanins Acid-sugar ratio
/% /% /(mg100g™") /(nmol-g=") /%
W, F 18.47ab 0.58ab 11.53abc 12.69bcde 22.31ab
W, F, 18.73a 0.55ab 11.96abc 12.27cde 21.56ab
Wik 18.67a 0.54ab 10.37bc 11.62cde 21.01b
W,F, 15.90ab 0.70a 11.58abc 11.18de 22.62ab
W,F, 17.47ab 0.69a 12.48abc 12.95bed 22.45ab
W, F5 17.73ab 0.67a 12.22abc 11.22de 21.47ab
W;F 16.87ab 0.68a 13.02ab 15.03a 23.29a
W3, 17.90ab 0.60ab 14.34a 14.63ab 22.90ab
W5 17.00ab 0.59ab 10.59bc 13.63ahc 22.61ab
W, F| 15.47b 0.47ab 9.70c 12.68bede 23.0la
W, F, 17.93ab 0.43b 11.67abc 12.64bede 22.19ab
WyEF5 17.60ab 0.43b 9.75¢ 10.59¢ 22.36ab
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Table 5 Effects of fertigation treatments on yield and water and fertilizer use efficiency of grape

e {Efﬁ%%éﬁ L ES 7J<67\CEF‘£% RICwAT=T BEICRA 1 SR AE ) Fﬁi
Treatment Total irrigation quota WUE Water productivity PFPN PEPP PEPK Yield
/(m®+hm™?) /(kg'm~?) /(kg'm~3) /(kg-kg™") /(kg-kg™") /(kgkg™") /(kg*hm~?)
W, F, 3259 7.48 5.29 107.55 322.67 387.18 24381.00b
W, F, 3259 6.51 4.53 131.07 393.24 471.83 21223.06ab
W, F5 3259 5.13 3.53 171.99 516.03 619.08 16709.03ab
WLF, 2989 10.00 7.47 131.79 395.38 474 .43 29874 .67ab
W,F, 2989 9.26 6.73 171.00 513.04 615.58 27688 .75ab
W,F; 2989 8.92 6.37 274.50 823.58 988.05 26667 .48ab
WsF, 2362 16.48 9.79 171.77 515.32 618.35 38937.68ab
W3F, 2362 13.26 7.86 193.38 580.17 696.12 31311.57ab
W;F; 2362 11.67 6.87 283.83 851.56 1021.62 27573.62a
W,k 1622 17.11 12.65 122.42 367.28 440.71 27751.81ab
W, F, 1622 17.06 11.77 170.91 512.77 615.25 27674.00ab
W, F; 1622 16.51 10.27 275.61 826.93 992.06 26775 .83ab
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