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Cost-benefit analysis of irrigation quota and irrigation layout under
water and fertilizer integration cultivation for wine grapes

CHEN Juan', MA Zhongming”, NIU Xiaoxia', BIAN Jinxia', Wang Ping’
(1. Institute of Economic Crops and Malting Barley Material, Gansu Academy of Agricultural Sciences, Lanzhou,
Gansu 730070, China; 2. Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
3. Lanzhou Agricultural Science technology Research and Extension Center, Lanzhou, Gansu 730000, China)

Abstract; The overall aim of this study was to identify the optimum irrigation methods and irrigation rates to
simultaneously improve the growth, fruit yield, quality and economic benefit of wine grape. A three-year (2019—
2021) field experiment in the Hexi Corridor of Gansu Province was used to assess the effects of irrigation methods
and irrigation rates on growth, yield, fruit quality and economic benefit in wine grape under fertilization manage-
ment. The experiment followed a completely randomized split-plot design with three irrigation amounts of 1 800 m’

- hm™(WL), 2700 m’ - hm™>(WM) , and 3 600 m’ - hm™( WH) as the main-plot treatments, and three irriga-
tion methods of one pipeline per vine row (C=S), two pipelines per vine row (C—=D) and partial root-zone drying
(PRD) as the sub-plot treatments. The results showed that, the irrigation rate had a remarkable effect on the prun-
ing amount, yield, fruit quality and variable cost of wine grape. The WL treatment produced the best fruit quality,
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the content of soluble solid, polyphenol and anthocyanin were 27.37 °Brix, 30.69 mg + ¢~ and 6.74 mg + g™, re-
spectively. The WM treatment produced the highest yield (10 163.2 kg - hm™) , and the WH treatment produced
maximum pruning amount of grape (1.53 kg + plant™ ). The irrigation method had an insignificant effect on the
pruning amount, yield and fruit quality. Compared with C=S treatments, C—D and PRD treatments both increased
the fixed cost of the vineyard by 481 Yuan + hm™. Compared with other treatments, the C—S (WM) treatment in-
creased Net Margin/Investment and Net Margin/Cost by 0.94% ~10.27% , 0.6% ~36.57% , respectively,while C—
S(WM) treatment decreased production cost by 0.01~0.57 Yuan - kg™'. At break-even point, the yield and price
of grape under the C—S(WM) treatment decreased by 176.90 ~3 818.07 kg - hm™, 0.02~0.6 Yuan -
spectively. The threshold price of water indicated that only the C—=S ( WM) treatment remains net profit was more
than 7500 Yuan -
growth , yield, quality and cost-benefit indicated that one pipeline per vine row and 2 700 m® - hm™>(C-S (WM))

kg™, re-

hm™ with higher water prices of up to 0.67 Yuan - m™. The comprehensive consideration of

treatment, C—=S (WM) increased extra berry quality and yield of wine grape. The C—=S (WM) was more economi-
which

cally profitable (lower installation cost and production cost) , net profit was more than 7 500 Yuan - hm™,
was economically viable and achieved high returns.

Keywords: wine grape; integration of water and fertilizer; irrigation rate; irrigation method ;cost-benefit analysis
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Table 1

irrigation treatment during the experimental period (2019-2021)

Irrigation volume and drip irrigation layout for each

LB . TSk
A E' KE i) WE R (] : VL
AbFR Irrigation .. Dripper
Drip irrigation .
Treatment quota lavout discharge
/(m® « hm™) Y /(L-h™)
14 147
C-S(WL) e 2
One pipeline per vine row
P
C-D(WL) 1800 2EL 1

Two pipelines per vine row

PRD(WL) 28 1 AT ARIXHERE 5
Partial root-zone drying

=
C-S(WM) LT 2
One pipeline per vine row
851 45
C-D(WM) 2700 2w 1
Two pipelines per vine row
1 A5/ HE
PRD(WM) 2 AR IXTHER 5
Partial root-zone drying
51 45
C-S(WH) L 2
One pipeline per vine row

s 1 4
C-D(WH) 3600 2y I

Two pipelines per vine row

PRD(WH) 2 1 TAMRICIHENE )
Partial root-zone drying

F2 EHEEKESEKEE(2019—2021)
Table 2  Irrigation time and irrigation quota for each irrigation treatment during the experimental period (2019—2021)

W FEAK ] HEKES Irigation quota/ (m® + hm™) WK OB
Stage Irrigation time WL WM WH Irrigation frequency

i £ Excavation 4 A T 4] Late Apr. 240.00 360.00 480.00 1

W 2£ 1 Budbreak 5 A k41,5 A 4] Early May, Mid—May 142.50 213.75 285.00 2

FFAEI] Anthesis 6 A Lf1.6 A A Early Jun., Mid-Jun. 198.75 298.50 397.50 1

W Primary fruit 6 A FH1.7 A LA] Late Jun., Early Jul. 183.00 276.00 366.00 2

RSNGRI Expansion Izqi}j_i?’ \Z‘iilm (( ?njeaj Jve?ﬁ()) 429.75 643.50 859.50 3

. i w

B0 l] Veraison Early Af;{fﬁd_tf_ﬁiff (( (i Cse Tvgry{?ve days) 285.75 429.00 571.50 3

J Y] Maturation 9 HJE End of Sep. 0.00 0.00 0.00 0
M+ Burying vines 11 A Before Nov. 319.50 479.25 639.00

4 F W Whole growth period 2400.00  3600.00  4800.00 13
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R5 AEEVHBREASFMEE

Table 5 Investment and annual depreciation in vineyard trellis system
BRI JR /78 AR/ T AR IR/ 47 YA/ (JL - a ™)
Investment cost Initial value/Yuan Residual value/Yuan Useful life/a Depreciation/ ( Yuan « a ' )
X7 Shed for equipment and irrigation control 20000 3200 30 593.33
TEWEBE A Trrigation equipment 22200 2400 20 990.00
T A5 Y Irrigation network 10500 0 15 700.00
A Planting 20340 0 25 813.60
FHAlb, Various 15000 0 5 244.80
LM ( G - hm™?
BHELB(IT - hm™?) 75064

Investment ( Yuan « hm™2)

2B 1175 28 VAT R IKHEIRA 2 SR I N RGBS AN 17 850 JC - hm ™ SR LA 82 614 JC - hm™2,

Note ; Investment of irrigation network of two pipelines per vine row and partial root-zone drying treatments is 17 850 Yuan + hm™2, and investment in

two pipelines per vine row and partial root-zone drying treatments is 82 614 Yuan + hm™2.
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1 m* ZKBURFT 505 4Nl 0.78 I ,0.92 JC & 0.41 JC,
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AL 7 B R A 0 BG4, € - S
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(WH) .C-D(WH) .,PRD( WH) AbBEF | i3t 7= &2
24 12 919.74 13 110.40 13 110.40 kg + hm ™,

x7 EREHSERGENREBEHELFUENZM
Table 7  Effects of irrigation quota and drip irrigation layout on economic benefit of vineyard
gy RIRZCE b NM/C o HEKECE IR PC M AR
Treatment N /% /% /(kg+m™) /(Yuan - kg™") Yield at the breakeven we Y
/(Yuan + hm™2) point /( kg + hm™2)
C-S(WL) 1731.03 3.30 14.73 3.88 2.41 6082.21 -2.78 9060.55
C-D(WL) 554.62 1.58 7.52 3.78 2.58 6259.11 -3.44 9237.45
PRD(WL) 1375.59 2.57 12.26 3.85 2.47 6259.11 -2.98 9237.45
C-S(WM) 8168.11 11.85 44.09 3.68 2.01 6974.39 0.67 9819.22
C-D(WM) 8260.14 10.91 43.49 3.77 2.02 7143.36 0.70 9988.18
PRD(WM) 8084.55 10.69 42.65 3.72 2.03 7143.36 0.64 9988.18
C-S(WH) 3189.37 5.23 15.79 3.10 2.22 9709.62 -0.78 12919.74
C-D(WH) 2688.96 4.16 13.52 3.11 2.26 9900.28 -0.92 13110.40
PRD(WH) 4519.34 6.38 20.71 3.33 2.13 9900.28 -0.41 13110.40

L NM/ TG REEE T F s NMY/ C o RT3 5 PC L B2 H AR s WP ¥ I >7 500 JC + hm 2 (7K At 5 WY >7 500 JG - hm™2 (4R

R T

Noe: NM/I. Net Margin/ Investment; NM/C: Net Margin/ Cost; PC; Production cost; WP: Price of water when net margin was more than 7 500

Yuan - hm™( Yuan - m™) ; WY: Yield of wine grape when net margin was more than 7 500 Yuan + hm (kg - hm™2).

WS- 5 5 AR R SR (NM/C) >40% 15, B
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TR A 25 M8 43 0K 2.52 9T - kg ™' \2.69 G - kg,
2.52 7€ - kg B, AT GRS P C-S(WM) . C-D
(WM) A1 PRD( WM ) &b FEF, FEVE 46 26 40 A% 53 501 A
2.09 JC - kg™ 2.09 JC - kg™ .2.11 JC - kg, AT 3Kk
SV, C-S(WH) .C-D(WH) 5 PRD (WH) &b B
T BT H A 0 A% 435 2.29 JC - kg (2,33 T -
kg™ \2.19 JC -« kg™, AT IR

C-S(WL) .C-D(WL) 5 PRD(WL) Zb ¥ T, 24
PRI A5 2 08 351 K 3.53 JC - kg™ 3.76 G - kg,
3.60 JC - kg™, NM/C>40% , ¥ F @ K F 7500 JC -
hm™;C-S(WM) .C-D(WM) #l PRD(WM) 4b ¥ T,
YRR A A% 4y 3 2,92 0T - kg™ 2.93 TC -
kg™ .2.95 JC - kg™, NM/C>40% , 5 F)iE KT 7 500
JC » hm™?;C-S(WH) .C-D(WH) 5 PRD(WH) 4t
T, YERTGH A M 230 3.20 JT - kg \3.26 OC
- kg .3.07 7T - kg', NM/C>40% , G FE K T
7 5007 - hm™,
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Fig.1 Effect of wine grape on Net Margin/Cost of vineyard
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