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ABSTRACT

Profitability of upland crops is better than paddy crops and proportion of upland is
increasing. However, there is a lack of infrastructures for upland irrigation. The object
of this study were to develop water supply scenarios using individual and collective
agricultural wells to evaluate economic feasibility to consider geographical analysis of
upland farms and water supply facilities. Cheongyang, Dangjin, Yesan, and Goesan were
selected as study areas where four different crops of red pepper, chinese cabbage,
apple, and bean, respectively, were mainly produced in Chungcheong province. As a
result, B/C ratio was estimated as 1.49, 1.36, 1.90, and 0.71 in using individual wells
scenario, and 1.45, 1.20, 1.91, and 0.65 in using collective wells scenario for red
pepper, chinese cabbage, apple, and bean. It turned out that change of price effected on
economic feasibility a lot for crops with low production income. As a result of evaluating
economic feasibility by number of plots for developing collective well, there was no
effect of economy of scale for red pepper and chinese cabbage. In case of
collectivizating more than 20 upland plots, effect of economy of scale appeared for apple
and bean. In conclusion, development of water using high value crops including red
pepper and apple, and effect of collective well requires additory analysis of .spatial
distribution of farms.

KEYWORDS : Upland irrigation, Underground Well, Collectivization, Economic analysis
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FIGURE 1. The study sites and the respective upland areas for different crops
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TABLE 1. Reference year, precipitation, and irrigation of amount for 10 year drought

frequency

Probable rainfall for 10 year

Crops drought freauency (m) Reference year Precipitation (mm) Imrigation requirement (mm)
Red pepper 965 2008 902.1 268.18
Chinese cabbage 918 2008 909.6 120.20
Apple 965 2008 902.1 27.01
Bean 910 2001 834.4 392.59

TABLE 2. Three different irrigation methods for respective upland crops

) Irrigation Number of Irrigation  Application amount  Daily application
. Ratio ; L : N
Crops Irigation method (%) requirement |rr|gat|on interval per irigation event  amount per area
(im) (time) (day) (im) (ton/day/ha)

Drop—watering - 313.7 13.1 130.7
Red pepper Sprinkler 16 376.4 24 10 15.7 156.8
Furrow irrigation 84 434.3 18.1 181.0
) Drop—watering - 140.6 7.8 78.1
CC;AE‘;ZGG Spinkler - 168.7 18 10 9.4 %7
Furrow irrigation 100 194.7 10.8 108.1
Drop—watering 80 31.6 1.5 14.7
Apple Sprinkler 20 37.9 22 7 1.8 17.7
Furrow irrigation - 43.7 2.0 20.4
Drop—watering - 459.2 15.3 153.1
Bean Sprinkler - 551.0 30 5 18.4 183.7
Furrow irrigation 100 635.8 21.2 211.9
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TABLE 3. Scenarios for upland crop irrigation for different water sources

Surface water use

Individual well use Collective well use

Scenario 1° X

0 X

Scenario 2° 0

A 0

a Using individual wells scenario
b Using collective and individual wells scenario
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TABLE 4. Items for benefit and cost
Category ltem Cost
Red pepper 8,962 (1,000 won/ha)
Benafi Increase crop yield™® Chinese cabbage 6,528 (1,000 won/ha)
Apple 13,925 (1,000 won/ha)
Bean 1,848 (1,000 won/ha)
Drop-watering Motor department 3276 (1,000 won/ea)
Watering department 71 (1,000 won/ea)
Water sugply fcily Sorinkler Motgr department 3294 (1,000 won/ea)
developmentc Watering department 2,397 (1,000 won/ea)
Furrow irrigation Motor department 3,276 (1,000 won/ea)
Cost Individual well 2,500 (1,000 won/ea)
Colloective well 50,000 (1,000 won/ea)
Maintenance cost 5% of Water supply facility development
Red pepper 26,885 (1,000 won/ha)
Opportunily costd Chinese cabbage 9 584 (1,000 won/ha)
Apple 41,775 (1,000 won/ha)
Bean 5,545 (1,000 won/ha)

a 25% of agricultural products income investigation(RDA) and agricultural product production cost investigation(KOSTAT) data(2014~2018)
b In using surface water and individual well, 59%, 46%, 72%, 64% of common benefit when 10 year frequency drought occur for

respective crops
¢ Unit price of

d 75% of agricultural products income, applied for initial 2 years

‘Project of support FTA fund high quality fruit production facility modernization” and ‘Public notice on designation of
disaster—resistant standard for horticultural and special crop facility’
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TABLE 5. Water supply area by crops and water supply source (scenario 1)

Irigation area Irrigation area per well

Crops Water source Number of wells (ha) (ha/ea) Total area (ha)
Surface water - 72.1 -
Red pepper Individual well 112 29.9 0.27 102
. Surface water - 81.8 -
Chinese cabbage Individual well 586 250.2 0.44 34
Surface water - 225.0 -
2
Apple Individual well 970 807.0 0.83 103
Surface water - 639.2 -
Bean individual well 120 500.8 0.39 1140
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TABLE 6. Water supply area by crops and water supply source (scenario 2)

Crops Water source Number of wells Irrigation area (ha) Irigation area per well (ha/ea) Total area (ha)

Surface water - 70.9 -
Red pepper Collective well 3 4.6 1.55 102
Individual well 99 26.4 0.27
Surface water - 66.0 -
Chinese cabbage Collective well 61 181.5 2.98 34

Individual well 244 9.5 0.38
Surface water - 153.0 -

Apple Collective well 68 806.7 11.86 1,032
Individual well 385 72.4 0.45
Surface water - 545.2 -

Bean Collective well 99 452.6 4.57 1,140
Individual well 385 144.0 0.37
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B vpiana
‘Water supply range for individual well +  Individual well
= Collective well Water supply range for individual well
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FIGURE 3. Distributes of combined individual—collective wells for respective crops
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TABLE 7. Economical index by water supply scenarios for respective crops

Crops Seenaio (T.Ot.a' cost Total benefit NPV B/C Ratic IR (%)
million won) (million won) (million won)
Red pepper 1 8,846 13,152 4,306 1.49 7.69
2 9,061 13,180 4,119 1.45 7.37
Chinese cabbage 1 23,156 31,550 8,39 1.36 6.41
2 27,171 32,607 5,436 1.20 4.57
Apple 1 110,238 209,844 99,606 1.90 12.10
2 112,763 215,039 102,277 1.91 12.19
Bean 1 43,101 30,490 -12,611 0.71 -0.79
2 48,009 30,987 —-17,021 0.65 —2.24

TABLE 8. B/C ratio, crop production income, benefited area of wells, proportion of surface
water use for respective crops and scenarios

Crops Scenario B/C Ratio Crogyg[)%%;;i/t;g;r%gme Pro;;\ztt;nusé ?;)r)face Benefiteihzr/zz; )of wellsa
Red pepper 12 112 35,847 70.1 ?gg
o S— iy a7 20
Apple 12 1 g? 55,700 18.3 101.?836
Bean 12 82:-) 7,398 51.9 ?1&333

a Benefited area of individual wells in scenario 1, benefited area of collective wells in scenario 2.
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FIGURE 4. B/C ratio, crop production income and proportion of surface water use for repective
crops and scenarios
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TABLE 9. B/C ratio depending on change of minimum of number of plots in collective well
area and agricultural product income for respective crops

Number of individual

Number of collective

Rate of change of agricultural product

Crops income (%)
wells wells 10 0 10
Using only individual well 112 - 1.424 1.487 1.542
5 9 1.392 1.455 1.511
Red pepper  Number of 10 12 - 1.424 1.487 1.542
plots 15 12 - 1.424 1.487 1.542
20 12 - 1.424 1.487 1.542
Using only individual well 586 - 1.300 1.363 1.419
) 5 244 61 1.135 1.200 1.259
fﬁéﬂi;i Number of 10 576 1 1.298 1.361 1417
plots 15 586 - 1.300 1.363 1.419
20 586 - 1.300 1.363 1.419
Using only individual well 970 - 1.855 1.904 1.945
5 162 68 1.855 1.907 1.952
Apple Number of 10 237 54 1.868 1.919 1.963
plots 15 365 40 1.875 1.925 1.968
20 585 20 1.877 1.926 1.968
Using only individual well 1292 - 0.655 0.707 0.756
5 385 99 0.5% 0.645 0.692
Bean Number of 10 637 58 0.629 0.680 0.728
plots 15 955 22 0.652 0.704 0.753
20 1191 5 0.657 0.709 0.758
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