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Rising water scarcity in many parts over the world especially in
Arab countries needs increased water productivity to support the current
agricultural production levels. Trickle irrigation system introduced
relatively recently in Arab countries such as Egypt has proved to save
substantial water and boost crops’ productivity.  This study performs
the economic analysis on seven crops and nine vegetables using the
trickle irrigation system in a hypothetical field in Egypt based on the
physical and economic conditions. Economic analysis measures of
benefit-cost ratio (B/C) and net return values (B — C) were estimated.
The crops considered in the study were: sugar beet, lupine, lentil,
chickpea, soybean, sesame, and peanuts. Besides, the concerning
vegetables were: tomato, onion, garlic, peas, cabbage, eggplant,
watermelon, cantaloupe, and cowpea. The study presented some
suitable growing rotations among the crops and vegetables. This study
results showed that higher values of net returns were attained for most
crop rotations. Further, most of B/C for crop rotations have been
ranged between 1.5 and up to more than 2.0. These estimated results
corroborated that investment in trickle irrigation is economically highly
viable for arable lands such as Arab countries.

Disciplinary: Civil Engineering (Irrigation Engineering), Agricultural
Sciences (Crop Science).
©2020 INT TRANS J ENG MANAG SCI TECH.

1. INTRODUCTION

Most irrigation development projects seek a maximum economic return. For economic
efficiency, a project may focus on their maximum return on investment (B/C ratio) or maximum net
benefits from the development (B — C). The difference between these goals is shown in Keller et al.
(1988). The economic data required for economic analysis fall into two general categories,
site-dependent and system-dependent (Keller and Bliesner, 1990). Site-dependent economic
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parameters include; interest rate; labor costs; energy costs; energy inflation factor; general inflation
factor; property taxes (on equipment); water costs; the land value; and the return to irrigation for each
crop. Interest rates are categorized as real or nominal. The nominal rate is the current rate of interest
charged by the lending institution that will provide the credit and includes an inflationary component
and risk, management, and profit component. The real rate (inflation-free and ranges from 5to 7 %) is
used to determine the annualized cost of capital expenditures that tend to appreciate, such as land
values and permanent improvement to the land, like land-leveling. The nominal rate is used to
determine the annualized cost of capital expenditures that depreciate or reach technical obsolescence
with little or no salvage value. The energy inflation factor is the expected inflation rate for energy
over the system’s economic life and is important for balancing capital and operating costs. Inflation
factors should be included for other input costs, such as labor and water. System-dependent
parameters include system component costs; system component lives; and labor, energy and
maintenance costs. The physical life of some components may be longer than the expected technical
life due to the obsolescence of irrigation technology. In such cases, it is practical to use an expected
economic life equal to the technical life rather than the full physical life.

Theoretical and applied investigations were carried out by Uzunov and Birkov (1994) to assess
economic parameters and performance of trickle emitters, by analyzing different systems, and over
1000 layouts, in terms of flow-pressure relationship, coefficient of variation of manufacturing
tolerances, and crop coefficient.

A computer model was developed by Narayanan et al. (1998) for the design, optimization, and
economic analysis of drip systems for efficient irrigation of high profitable crops (carrots, cabbages,
onions, and maize) in northern USA. Optimization of distribution lines reduced the total costs of the
system by 10-50% compared to other possible design alternatives analyzed. The cost per acre was
highest for a 1-acre system with four irrigation zones, and least for a 10-acre system with four zones.

DRIPCAD was developed by Reddy et al. (2000), to design a trickle system based on emission
uniformity and the annual cost of the system as criteria for selection of the design. The design
problem was illustrated through an example for a banana crop grown on a 6 ha area in India. The
design optimizes for better economical design with varying main lines pipe sizes instead of design
with uniform pipe size or higher uniformity.

Tiwari and Reddy (1997) studied planting geometry pattern effects on yield, capital cost,
operating cost and net return for banana crop irrigated using a trickle irrigation system in the
one-hectare area. The net return analysis was established to be maximally for one plant at a place of
2-m spacing. The length to width ratio of planting has a large correlation with the initial capital cost
and the total annual cost. The highest return was acquired at 4-m spacing with two plants per point.

Luhach et al. (2004) examined the water-use efficiency and economic investment worth in
sprinkler, drip, and surface irrigation systems in Haryana, India. The results have indicated significant
water savings from sprinkler and drip irrigation methods. The sprinkler irrigation method has been
obtained to reduce operational costs as well as labor requirements.

A field study of installation subsurface drip irrigation (SDI) systems was conducted at Texas, the
USA by Wilde et al. (2009) to observe six-year agronomic impacts of distribution uniformities on
cotton production. Net present values (NPV) were estimated for each uniformity level and irrigation
level. The lower irrigation level, the least uniform design provided a higher NPV. Also, the length of
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the planning horizon affected NPV with the more uniform system having a better NPV at the longer
planning horizon because of the cumulative effect of small improvements in net income over a longer
time. The producer's risk aversion (RA) level affected the choice of design uniformities. A more RA
producer preferred a more uniform design and was willing to pay a higher installation cost for a more
uniform system. A less RA producer preferred a less uniform system design with a lower initial cost.

The study of Gravity drum kit drip (GDKD) irrigation system was evaluated by Mali and Kumar
(2009) on economic water productivity, water, and labor-saving for cabbage and cauliflower
cultivation. The results obtained were compared with the traditional furrow irrigation system. The
GDKD irrigation system reduced the labor usage by an average value of 40.25% in cabbage and
cauliflower cultivation as compared to the furrow system. In the GDKD system, the application of
estimated amounts of water on a daily basis reduced the water usage to the extent of 36.4 % and 33.5
% in cabbage and cauliflower, respectively. The yields under the GDKD system were 42.86 % and
50.45 % higher than the furrow system of irrigation for cabbage and cauliflower respectively. Based
on net income, GDKD’s average economic water productivity was 152.45 RS/m® while that for the
furrow system was 46.60 RS/m”.

Kumar and Palanisami (2010) studied impacts of drip irrigation on the farming system in terms
of cropping patterns, resources use and yield.. Using drip irrigation helps in the regions where
scarcity of water and labor is scanty, as well as cultivation cost, crop yield, and farm profitability.

Narayanamoorthy and Devika (2017) studied the economic and resource impacts of drip
irrigation including its benefit-cost pattern using crops survey data like okra in India. Using drip
irrigation can reduce cultivation cost 15%, save water resources and electrical energy 47%, and
productivity of okra increase 49% over the same crop cultivated under conventional flood method of
irrigation. Okra farmers using the drip irrigation showed more farm business income of RS 72,711
per acre over the non-drip adopters.

Razzaq et al. (2018) conducted the economic analysis of high-efficiency irrigation systems in
Pakistan, by measurement and comparison of the water productivity of modern and
conventional-irrigated farms. The sprinkler irrigation system was mainly installed on the wheat crop
while the drip irrigation systems were installed on mango orchards. The benefit-cost ratio (BCR) and
net present value (NPV) showed that sprinkler and drip irrigation systems were an economically
feasible option, as water productivity at modern farms was higher than those of conventional farms.

Montazar et al. (2019) explored the viability of drip irrigation for organic spinach production and
the management of spinach downy mildew disease in California. Many combinations of dripline
spacing and installation depths were assessed and compared with sprinkler irrigation as a control
treatment and found that drip irrigation has the potential for producing organic spinach, conserve
water, increase the efficiency of water use, and manage downy mildew.

In this study, the model of trickle irrigation system design (TI1SD) which was developed by
Khalifa (2020) is used to conduct the economic analysis on seven crops and nine vegetables in a
hypothetical field in Egypt based on the physical and economic conditions. The used economic
analyses are the net returns and B/C ratio. The crops considered are sugar beet, lupine, lentil,
chickpea, soybean, sesame, and peanuts. The concerning vegetables are tomato, onion, garlic, peas,
cabbage, eggplant, watermelon, cantaloupe, and cowpea. The considered crops and vegetables use

*Corresponding author (W.M.A.Khalifa) Tel: +966-504322771 khalifawalid@yahoo.com w.khalifa@uoh.edu.sa, wmk01@fayoum.edu.eg
©2020 International Transaction Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.8
ISSN 2228-9860 eISSN 1906-9642 Paper ID:11A8J) http://TUENGR.COM/V11A/11A8J.pdf DOI: 10.14456/ITJEMAST.2020.151



two rotations of growing in winter and summer.

2. METHODOLOGY

The economic analysis is most easily completed on an annualized basis. Therefore, total annual
costs for the trickle irrigation system and its configurations and the returns for the grown crops should
be computed. If the system of irrigation has markedly water-application uniformities, the yield impact
should be estimated by Hill and Keller methods (1980). If yield expectations are not markedly, only
the anticipated net return from each crop is required. This study used the model (TISD) which was
developed by Khalifa (2020) to design the trickle irrigation system and can be extended to evaluate
the economic analysis of irrigation.

2.1 ECONOMIC ANALYSIS

2.1.1 TOTAL ANNUAL COSTS

Total annual costs of trickle system (TAC), are the sum of annual costs’ components due to
capital, maintenance, energy, labor, production, and water and taxes (if any). The annual capital cost
component is the sum of annual costs due to trickle system construction elements and raw land.
Construction elements of the trickle system include outlets, regulators, laterals, manifolds, mainlines,
fittings, and pumps. Initial capital cost for each element is estimated by multiplying the required
quantity by its price per unit. Annual capital costs (ACC) are computed based on the capital recovery
factor (CRF) (Pearson, 1974) for the life of the trickle irrigation system element (Bliesner and
Merriam, 1988) and the nominal interest rate.

ACC = Y [CRF x Initial Equipment (Land) Cost] 2).

The average annual maintenance costs (AMC) over the trickle system component’s life should be
considered in the analysis. The maintained system elements are pump, lateral, manifolds, and
mainline. The typical list of maintenance costs expressed as a percentage of the original capital costs
for major system components is included in (Bliesner and Merriam, 1988). The annual energy costs
(AEC) could be obtained from the annual required energy and local energy price for the used power
source. When the energy costs over the project life are annualized, they should be adjusted to account
the expected inflation. The equivalent annual energy cost factor (EAE) can be computed as (Pearson,
1974)

AEC = EAE x Unit Energy Cost x Annual Energy Use (2).

Annual operating labor could be obtained from (Keller and Bliesner, 1990). The values reported
are expected in man-hours per irrigation per hectare for in-season, and pre- and postseason for
operation only without maintenance. Annual labor costs (ALC) are computed by using the listed time
and local hour-cost. When comparing the large differences in labor needs, the expected inflation in
labor costs should be accounted for. The equivalent annual labor cost (EAL) over the project life can
be computed by Pearson (1974) with the expected labor inflation rate. Annual labor time is the sum of
in-season and pre-and postseason times as

In season time = Irrigation times/year x Required (man. hr/ha) x Area (3),

Pre season and postseason time = 2 x Required (man. hr/ha) x Farm Area (4),
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ALC = EAL x Total Required (man. hr/year) x Labor Hour Cost (5).

Other annual costs include taxes on equipment and water costs. The annual water cost (AWC) is
computed as a function of the equivalent annualized water cost factor of inflation energy (EAW) as

AWC = EAW x Unit water cost x Gross water use/year (6).

2.1.2 NET RETURNS

Net returns are computed by subtracting the above estimated average annual costs (C) from the
average annual gross returns (B). If the economic goal is to maximize net return, then the system with
the largest net return (B — C) best meets the goal based on the economic analysis. The B/C ratio is
also computed by dividing the annual benefits by the annual costs. If the goal is to maximize the
return on investment, then the system that yields the highest B/C ratio best meets the goal based on
the economic analysis. It is possible, even common, to have one system yield the largest net return
and another has the highest B/C ratio.

Gross return (B) = Crop yield (ton/fed) x Area (fed) x Price (L.E./ton) @)
Net return (B — C) = Gross returns — Total annual costs (8)
B/C ratio = Gross return/Total annual costs 9)

Final selection of the trickle irrigation system, usually, reduces the system and configuration that
either returns the greatest net benefits (B — C) or provides the best return on investment (B/C)
depending upon the goal selected. After the system and configuration have been selected and
designed, the project should be presented by preparing plans, schedules, and instructions for proper
layout. Plans must show the pump position, network alignment, laterals’ position and strips and
roads’ dimension. The schedules should list the necessary information about crops, weather, soil,
irrigation, system components, costs, and expected benefits from the project. Generally, final
selection should not be made by the designer alone but presented to the owner and operator and the
decision made jointly.

2.2 DEVELOPMENT OF TRICKLE IRRIGATION MODEL
The model of trickle irrigation system design (TISD) which was developed by Khalifa (2020) is

used to estimate the net return of planting the concerned crops. In this regard, one subroutine, namely
(ECONOMIIC) can be added to TISD to consider the most economic size for different pipe reaches of
laterals, manifolds, and main pipe. The most economical pipe size is that gives the minimum sum of
fixed cost (material) and energy cost (power). The used pipe material depends on the landowner's
needs and used system. For manifolds and main pipe networks of the trickle irrigation system; PVVC
plastic material is usually used. Generally, the used pipe material must satisfy the installation and
operating conditions. The most economic pipe size could be selected based on the following
parameters: Desired rate of interest by the developer; Pipe material and its life cycle; Equivalent
annual rate of energy escalation; Pump efficiency; Fuel cost per unit of brake power output (Bliesner
and Keller, 1982); Pipe price; and The system capacity.
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2.3 CASE STUDY
A hypothetical farm in Egypt as shown in Figure 1 was studied by the developed model (Khalifa,

2020) to show the physical and economic conditions (see Table 1).

—_—T Slopt, DZ=2.0%

Z

Slope DZ1=1.5%
B=670.0m.

L=790.0 m.

Figure 1: Farm shape and topography of the case study.

Table 1: Site physical and economic data of the case study
Physical Conditions

Soil type: Coarse texture (coarse or fine or loamy sands)

Climate conditions: Hot climate (Middle Egypt), Wind speed = 3.0 mph
Surface water, Suction head = 6.0 m,

Water source: Electrical Conductivity = 640.0 ppm = 1.0 dS/cm,

Water price = 0.0 US$/m®

Economic Conditions
Raw land value: RAW = 1000 US$/ha
Real interest rate: RIR = 6.0%
Nominal interest rate: | NIR = 10.0%
Energy cost = 0.10 US$/KW-hr. (for 2018 prices)
Energy escalation rate = 7.0% (assumed)
Labor cost = 4.5 US$/man-hr. (for 2018 prices)
Labor escalation rate = 4.0%. (assumed)
Available for trickle irrigation system
Available maintenance supports
PVC specification = DIN (Germany)
PVC price = 15 US$/kg of PVC (for 2018)
Aluminum and steel pipe = Keller and Bliesner, 1990
Outlets’ prices = Rain Bird (2018)

Electric energy:

Labor:

Construction elements:

3. RESULTS AND DISCUSSION

Based on the above physical site conditions, the developed model (TISD; Khalifa, 2020),
including ECONOMIC subroutine, proposes the suitable field crops and vegetables. These suitable
plants are listed in Table 2. In this table, there are many crop rotations that could be composed. Some
of these crop rotations are lupine-soybean or lupine-peanuts; lupine-sesame or lupine-eggplant or
lupine-watermelon; sugar beet-soybean or sugar beet-sesame or sugar beet-peanuts or sugar
beet-cantaloupe or sugar beet-cowpea; lentil-soybean or lentil-sesame or lentil-peanuts or
lentil-eggplant or lentil-cantaloupe or lentil-cowpea; chickpea-soybean or chickpea-sesame or
chickpea-peanuts or chickpea-eggplant or chickpea-watermelon or chickpea-cantaloupe;
garlic-soybean or garlic-sesame or garlic-peanuts or garlic-eggplant or garlic-watermelon or
garlic-cantaloupe or garlic-cowpea; peas-soybean or peas-sesame or peas-peanuts or peas-eggplant;
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cabbage-soybean or cabbage-sesame or cabbage-peanuts; tomato-sesame; onion-sesame or
onion-eggplant or onion-cantaloupe or onion-cowpeas.

Table 2: Proposed suitable crops based site conditions

Season | Fieldcrops |  Vegetables
1. Tomato.
é‘ Eﬂg?rr]eb%t‘ 2. Onion.
Winter ’ PINe. 3. Garlic.
3. Lentil.
4. Chickpea 4. Peas.
' ' 5. Cabbage.
1. Tomato.
2. Onion.
1. Soybean. 3. Eggplant.
Summer 2. Sesame.
4. Watermelon.
3. Peanuts.
5. Cantaloupe.
6. Cowpea.

The suitable irrigation system for these crops is the line-source of the trickle irrigation system
with the two configurations shown in (Khalifa 2020). Based on the agricultural statistics in Egypt
(FAOSTAT, http://www.fao.org/faostat/en), the required information of the concerned crop rotations
in 2018 are listed in Table 3.

Table 3: Economic information of concerned crops for a case study (FAOSTAT, 2018)

Crop Expected average | Average crop
Crop production crop production price
cost (US$/ha) (ton/ha) (US$/ton)

Sugar beet 2068.47 51.2251 30 (40.38)
Lupine 1026.86 2.0488 501.2
Lentil 1463.69 2.2546 649.2
Chickpea 373.1 2.187 170.6
Soybean 964.16 3.2 301.3
Sesame 1183.84 1.2941 914.8
Peanuts 4309.69 3.197 13517
Tomato 4064.11 40.9689 99.2
Onion 3952.09 36.291 108.9
Garlic 3739.48 22.3921 167
Peas 572.55 1.8772 305
Cabbage 2281.36 30.4587 74.9
Eggplant 3284.68 30.0795 109.2
Watermelon 3122.21 32.2876 96.7
Cantaloupe 2012.96 27.1288 74.2
Cowpea 2187.96 9.8468 222.2

FHx

“Abdi et al. (2019), “Barghash et al. (2014), " http://www.indexmundi.com/commodities/?commodity=peanuts

According to the site's physical and economic data, TISD was run for all the former mentioned
crop rotations under the line-source trickle irrigation system with the two configurations shown in
(Khalifa 2020). Table 4 lists the summary of the model designs for the concerned field crops and their
rotations. After completing the system design trails and their economic analysis, TISD selects the
most economic design based on the maximum B/C ratio. The expected system costs and returns
were also calculated by the model. The listed parameters in Table 4 are as follow:

1. The present worth capital (fixed) cost per unit area of the farm, (US$/ha);
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Eall

The total annual costs per unit area of the farm, (US$/ha), which include: annual capital system
cost (US$/ha); annual capital raw land cost (US$/ha); annual labor cost (US$/ha); annual energy
cost (US$/ha); annual maintenance cost (US$/ha); annual crop production cost (US$/ha).

The net cultivated area under line-source trickle irrigation system;

The expected annual net return per unit area of the farm, (US$/ha); and

The expected B/C ratio from the project.

Table 4: Design summary for field crops and their rotations in Egypt
Total annual costs (US$/ha)

< ~~
o — [5e]
g | 8E 18| s < |58
sslva| E |28 |B| 8| 8| 8 | 8|22
2 29| g | & | 2| || 3 5 s | g% | O
s |22 | |“|d | @ |E| 8B | F |8 |22
(@) s o z
Sugar beet-soybean
1 | 9870 | 1374 | 66 | 34 | 748 | 233 | 3014 | 5469 | 52.6 | 2068 | 1.38
2 | 11230 | 1451 | 66 | 34 | 702 | 240 | 2979 | 5472 | 52 | 1977 | 1.36

Lentil-soybean
1 | 9870 | 1374 | 66 | 34 | 551 | 233 | 2413 | 4671 | 52.6 | 687 | 1.15
2 | 11230 | 1451 | 66 | 34 | 517 | 240 | 2385 | 4693 | 52 614 | 1.13
Chickpea-soybean
1 | 9870 | 1374 | 66 | 34 | 560 | 233 | 1329 | 3596 | 52.6 | 803 | 1.22
2 | 11230 | 1451 | 66 | 34 | 526 | 240 | 1314 | 3631 | 52 759 | 1.21
Sugar beet-peanuts
1 | 15574 | 1315 | 66 | 34 | 952 | 228 | 5737 | 8332 | 52.6 | 7884 | 1.95
2 | 14984 | 1279 | 66 | 34 | 949 | 224 | 5737 | 8290 | 52.6 | 7954 | 1.96
Lentil-peanuts
1 |16233| 1315 | 66 | 34 | 732 | 228 | 5737 | 8112 | 52.6 | 6041 | 1.74
2 | 15618 | 1279 | 66 | 34 | 732 | 224 | 5737 | 8073 | 52.6 | 6114 | 1.76
Chickpea-peanuts
1 |12894 | 1315 | 66 | 34 | 743 | 228 | 4654 | 7040 | 52.6 | 6148 | 1.87
2 | 12405 | 1279 | 66 | 34 | 741 | 224 | 4654 | 6998 | 52.6 | 6148 | 1.88
Lupine-sesame
1 | 4211 | 606 | 66 | 23 | 549 | 103 | 2197 | 3544 |52.6 | 3941 | 2.11
2 | 5040 | 652 | 66 | 23 | 437 | 108 | 2180 | 3465 | 52.2 | 3958 | 2.14
Lentil-sesame
1 | 4522 | 606 | 66 | 23 | 533 | 103 | 2631 | 3962 | 52.6 | 3588 | 1.91
2 | 5419 | 652 | 66 | 23 | 426 | 107 | 2611 | 3884 | 52.2 | 3608 | 1.93
Chickpea-sesame
1 | 2592 | 606 | 66 | 23 | 549 | 103 | 1547 | 2894 | 52.6 | 2604 | 1.90
2 | 3102 | 652 | 66 | 23 | 437 | 107 | 1536 | 2820 | 52.2 | 2610 | 1.93
Sugar beet-sesame
1 | 5280 | 606 | 66 | 23 | 743 | 103 | 3232 | 4773 | 52.6 | 5635 | 2.18
2 | 6320 | 652 | 66 | 23 | 593 | 107 | 3208 | 4648 | 52.2 | 5688 | 2.22
Garlic-soybean
1 | 9870 |374 66 | 34 | 624 | 233 | 4674 | 7006 | 52.6 | 3824 | 1.55
2 | 11230 | 1451 | 66 | 34 | 588 | 240 | 4621 | 7000 | 52 | 3709 | 1.53
Peas-soybean
1 | 9870 | 1374 | 66 | 34 | 613 | 233 | 1527 | 3847 | 52.6 | 769 | 1.20
2 | 11230 | 1451 | 66 | 34 | 576 | 240 | 1510 | 3877 | 52 731 | 1.19
Cabbage-soybean
1 | 9870 | 1374 | 66 | 34 | 613 | 233 | 3225 | 5545 | 52.6 | 3159 | 1.57
2 | 11230 | 1451 | 66 | 34 | 576 | 240 | 3188 | 5556 | 52 | 3062 | 1.55
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Total annual costs (US$/ha)

< ~—~
9 »m —~ < o~
g | 88| . el s S| 58|,
sz | 5 |2|58| 8|8 5| 5 | 8|ea|s
i IS S - T T = - - B 5
s |I=| s |- |2 |E| 5|8 | 8|2
(@) s o
Garlic-peanuts
1 | 9175 | 1315 | 66 | 34 | 814 | 228 | 7999 | 10456 | 52.6 | 10139 | 1.97

2 | 8493 | 1278 | 66 | 34 | 812 | 224 | 7999 | 10413 | 52.6 | 10203 | 1.98
Peas-peanuts
1 | 9175 | 1315 | 66 | 34 | 803 | 228 | 4852 | 7298 | 52.6 | 5197 | 1.71
2 | 8493 | 1278 | 66 | 34 | 801 | 224 | 4852 | 7254 | 52.6 | 5245 | 1.72
Cabbage-peanuts
1 | 9175 | 1315 | 66 | 34 | 803 | 228 | 6550 | 8996 | 52.6 | 9844 | 2.09
2 | 8493 | 1278 | 66 | 34 | 801 | 224 | 6550 | 8953 | 52.6 | 9907 | 2.11
Lupine-eggplant
1 | 5450 | 658 | 66 | 19 | 380 | 107 | 4211 | 5442 | 51.7 | 5736 | 2.05
2 | 5498 | 663 | 66 | 19 | 366 | 107 | 4211 | 5433 | 51.7 | 5745 | 2.06
Lentil-eggplant
1 | 5450 | 658 | 66 | 19 | 364 | 107 | 4638 | 5853 | 51.7 | 5293 | 1.90
2 | 5498 | 663 | 66 | 19 | 350 | 107 | 4638 | 5844 | 51.7 | 5300 | 1.91
Chickpea-eggplant
1 | 5450 | 658 | 66 | 19 | 380 | 107 | 3573 | 4803 | 51.7 | 4748 | 1.99
2 | 5498 | 663 | 66 | 19 | 366 | 107 | 3573 | 4794 | 51.7 | 4755 | 1.99
Lupine-watermelon
1 | 5450 | 658 | 66 | 19 | 396 | 107 | 4053 | 5299 | 51.7 | 6028 | 2.14
2 | 5498 | 663 | 66 | 19 | 382 | 107 | 4053 | 5290 | 51.7 | 6035 | 2.14
Lentil-cantaloupe
1 | 5450 | 658 | 66 | 19 | 368 | 107 | 3396 | 4615 | 51.7 | 2437 | 1.53
2 | 5498 | 663 | 66 | 19 | 355 | 107 | 3396 | 4606 | 51.7 | 2440 | 1.53
Lentil-cowpea
1 | 5450 | 658 | 66 | 19 | 323 | 107 | 3567 | 4740 | 51.7 | 3763 | 1.79
2 | 5498 | 663 | 66 | 19 | 311 | 107 | 3567 | 4733 | 51.7 | 3769 | 1.80
Chickpea-watermelon
1 | 5450 | 658 | 66 | 19 | 396 | 107 | 3414 | 4661 | 51.7 | 4962 | 2.06
2 | 5498 | 663 | 66 | 19 | 382 | 107 | 3414 | 4652 | 51.7 | 4968 | 2.07
Chickpea-cantaloupe
1 | 5450 | 658 | 66 | 19 | 384 | 107 | 2331 | 3566 | 51.7 | 1889 | 1.53
2 | 5498 | 663 | 66 | 19 | 371 | 107 | 2331 | 3557 | 51.7 | 1891 | 1.53
Sugar beet-cantaloupe
1 | 4665 | 597 | 66 | 21 | 528 | 101 | 4071 | 5384 | 52.8 | 3452 | 1.64
2 | 4455 | 574 | 66 | 21 | 551 | 101 | 4071 | 5384 | 52.8 | 3453 | 1.64
Sugar beet-cowpea
1 | 4665 | 597 | 66 | 21 | 487 | 101 | 4246 | 5518 | 52.8 | 5700 | 2.03
2 | 4455 | 574 | 66 | 21 | 508 | 101 | 4246 | 5515 | 52.8 | 5702 | 2.03
Garlic-sesame
1 | 10872 | 1417 | 66 | 32 | 615 | 235 | 4829 | 7195 | 52 | 6079 | 1.85
2 NA NA | NA | NA | NA | NA | NA NA | NA | NA | NA
Cabbage-sesame
1 | 10872 | 1417 | 66 | 34 | 604 | 235 | 3398 | 5755 | 52 | 5202 | 1.90
2 NA NA | NA | NA | NA | NA | NA NA | NA | NA | NA
Tomato-sesame
1 | 10872 | 1417 | 66 | 40 | 689 | 235 | 5248 | 7696 | 52 | 10624 | 2.38
2 NA NA | NA | NA | NA | NA | NA NA | NA | NA | NA
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Onion-sesame
1 | 10872 | 1417 | 66 | 38 | 654 | 235 | 5037 | 7448 | 52 3551 | 1.48

2 NA NA | NA | NA | NA | NA | NA NA | NA | NA | NA
Garlic-eggplant
1 | 9433 | 1253 | 66 | 28 | 490 | 219 | 6928 | 8983 | 52.2 | 8102 | 1.90
2 | 9461 | 1255 | 66 | 28 | 405 | 219 | 6928 | 8901 | 52.2 | 8188 | 1.92
Garlic-watermelon
1 | 7512 | 940 | 66 | 26 | 515 | 162 | 6767 | 8475 | 52.2 | 9030 | 2.07
2 | 7540 | 942 | 66 | 26 | 428 | 162 | 6767 | 8390 | 52.2 | 9109 | 2.09
Garlic-cantaloupe
1 | 9433 | 1253 | 66 | 26 | 519 | 219 | 5673 | 7756 | 52.2 | 4534 | 1.58
2 | 9461 | 1255 | 66 | 26 | 430 | 219 | 5673 | 7669 | 52.2 | 4577 | 1.60
Garlic-cowpea
1 | 7512 | 940 | 66 | 26 | 462 | 162 | 5846 | 7501 | 52.2 | 6850 | 1.91
2 | 7540 | 942 | 66 | 26 | 382 | 162 | 5846 | 7423 | 52.2 | 6926 | 1.93
Onion-eggplant
1 | 9433 | 1253 | 66 | 32 | 533 | 219 | 7137 | 9240 | 52.2 | 5597 | 1.61
2 | 9461 | 1255 | 66 | 32 | 442 | 219 | 7137 | 9151 | 52.2 | 5697 | 1.62
Onion-cantaloupe
1 | 9433 | 1253 | 66 | 30 | 563 | 219 | 5883 | 8013 | 52.2 | 3431 | 1.43
2 | 9461 | 1255 | 66 | 30 | 467 | 219 | 5883 | 7920 | 52.5 | 3479 | 1.44
Onion-cowpea
1 | 7512 | 940 | 66 | 30 | 506 | 162 | 6055 | 7758 | 52.2 | 4588 | 1.59
2 | 7540 | 942 | 66 | 30 | 419 | 162 | 6055 | 7674 | 52.2 | 4675 | 1.61
Peas-sesame
1 | 10872 | 1417 | 66 | 34 | 604 | 235 | 1723 | 4079 | 52 | 1771 | 1.43
2 NA NA | NA | NA | NA | NA | NA NA | NA | NA | NA

Applying the trickle irrigation system with its configurations to the case study may attain the
desired economic goal based on physical and economic parameters of costs and returns. For the
trickle system configuration, the laterals’ direction may be parallel to the farm width (configuration 1)
or the farm length (configuration 2). It is shown from Table 4 that the net return and B/C ratio don’t
depend on the configuration type but can depend on the crop rotations as shown in Figure 2. In this
figure, it is revealed that the very high amounts of net return of the rotations are garlic-peanuts,
eggplant-peanuts, tomato-sesame, garlic-eggplant, and watermelon, respectively. This renders that
the garlic, peanuts, eggplant, tomato, and watermelon are the highest average crop prices over the
remaining crops. In addition, most B/C of crop rotations lie between 1.5 and 2.0 and some exceed 2.0
due to high net returns. Some rotations have got B/C in the range of 1.0~1.5. Such rotations are sugar
beet-soybean, lentil-soybean, chickpea-soybean, peas-soybean, onion-sesame, onion-cantaloupe, and
peas-cantaloupe. These rotations have got net returns ranges from less than 1000 US$/ha to nearly
2000 US$/ha. Some exceptions occurred such as onion-sesame and onion-cantaloupe referring to
high total costs for both rotations. From the previous analysis, it showed that investment in crops
using a trickle irrigation system was economically viable. Furthermore, higher ratios of B/C of crop
rotations indicated that more investment should be encouraged.
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Figure 2: Comparison of the amount of return for the field crop rotations in Egypt (2018)

4. CONCLUSION
Arab countries such as Egypt are water-scarce countries, and their agriculture sectors require

irrigation water to feed the hastily rising population. For developing countries, agricultural water
demands are estimated to escalate more than before. Therefore, a shift to water-saving technologies
such as a trickle irrigation system is necessary to keep using the balance of this valuable resource
under competitive uses. This study was designed to analyze the economic perspective of growing
crops and vegetables in a hypothetical field in Egypt based on the physical and economic conditions
using the developed model of trickle irrigation system design (TISD). The economic analysis
measures in the study used the net return values (B — C) and benefit-cost ratio (B/C). The crops and
vegetables considered in the study were sugar beet, lupine, lentil, chickpea, soybean, sesame,
peanuts, tomato, onion, garlic, peas, cabbage, eggplant, watermelon, cantaloupe, and cowpea,
respectively. The study presented some suitable growing rotations among the crops and vegetables.
From this study's findings, it was concluded that high values of net returns were attained for most
crop rotations. Further, most of B/C for crop rotations have been ranged between 1.5 and up to more
than 2.0. The higher values of net returns and the B/C ratio indicated better economic viability of the
trickle irrigation system in the study area.
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5. AVAILABILITY OF DATA AND MATERIAL
All relevant data are already included in this article.

6. REFERENCES

Abdi, A., Omar, S. R., Tate, B. (2019). Egypt Sugar Annual Increasing Sugar Supply on Expanded Beet
Production. USDA Foreign Agricultural Service, Global Agricultural Information Network,
EG-19006.

Barghash, R. M., Othman, A. Z., Youssef, R. A. (2014). Economic study of main oilseeds production and
consumption indicators in Egypt. Life Science Journal. 11(10), 984-993.

Bliesner, R. D., Keller, J. (1982). Diesel powered pumping for irrigation. 2nd edition Detroit, Michigan:
Detroit Diesel Allison Division of General Motors Crop.

Bliesner, R. D., Merriam, J. (1988). Selection of irrigation methods for agriculture. Report submitted by
the On-Farm Irrigation Committee of ASCE, December 22.

FAOSTAT, http://www.fao.org/faostat/en.

Hill, R. W., Keller, J. (1980). Irrigation system selection or maximum crop profit. ASAE Transactions.
23(SW-2), 366-372.

Information on https://www.indexmundi.com/commaodities/?commodity=peanuts.

Keller, J., Bliesner, R. D. (1990). Sprinkle and trickle irrigation. New York: Van Nostrand Reinhold Book
Co.

Keller, J., Keller, A., Bliesner, D. (1988). Irrigation project simulation model for planting and design.
Proceeding Sixth International Water Resources Association Congress on Water Resources, May
29 — Juneb, Ottawa, Canada. 111, 127-136.

Khalifa, W. M. A. (2020). A computer model for trickle irrigation system design. International
Transaction Journal of Engineering, Management, & Applied Sciences & Technologies. 11(7),
11A07U, 1-17.

Kumar, D. S., Palanisami, K. (2010). Impact of drip irrigation on farming system: evidence from southern
India. Agricultural Economics Research Review. 23. 265-272.

Luhach, M.S., Khatkar, R.K., Singh, V.K., Khatry, R.S. (2004). Economic analysis of sprinkler and drip
irrigation technology in Haryana. Agricultural Economics Research Review. 17 (Conference
No.). 107-113.

Mali, S. S., Kumar, S. (2009). Economic water productivity of drum kit drip irrigation systems for
vegetable production. https://www.researchgate.net/publication/305617585.

Montazar, A., Cahn, M., Putman, A. (2019). Research advances in adopting drip irrigation for California
organic spinach: preliminary findings. Agriculture. 9, 177.

Narayanamoorthy, A., Devika, N. (2017). Economic and resource impacts of drip method of irrigation on
okra cultivation: an analysis of field survey data. Journal of Land and Rural Studies. 6(1), 15-33.

Narayanan, R., Steele, D., Scherer, T. (1998). Optimization of Drip Irrigation Systems for Alternative
Crops in North Dakota. American Society of Agricultural Engineers (ASAE). St. Joseph, Paper
No. 982042, 28.

Pearson, G. F. (1974). Life-cycle costing in a crisis era. Professional Engineer, 26-29.

Rain Bird. (2018). Landscape Irrigation Price List. https://www.rainbird.com.

Walid M. A. Khalifa



Razzag, A., Rehman, A., Qureshi, A. H., Javed, I., Saqib, R., Igbal, M. N. (2018). An economic analysis
of high efficiency irrigation systems in Punjab, Pakistan. Sarhad Journal of Agriculture, 34(4),
818-826.

Reddy, K. Y., Tiwari, K. N., Ravindra, V. (2000). Hydraulic Analysis of Trickle Irrigation System for
Economic Design. International Agricultural Engineering Journal. 9(2), 81-95.

Tiwari, K. N., , K. Y. (1997). Economic analysis of trickle irrigation system considering planting
geometry. Agricultural Water Management. 34(2), 195-206.

Uzunov, N., Birkov, M. (1994). Economic approach in the selection of trickle emitters. 17th ICID
European Regional Conference on Irrigation and Drainage, Vena, Bulgaria, 16-22 May. Vol. 2:
modification of irrigation schedule of crops due to scarcity of water. 309-315.

Wilde, C., Johnson, J., Bordovsky, J. P. (2009). Economic analysis of subsurface drip irrigation system
uniformity. Applied Engineering in Agriculture. 25(3), 1-5.

_ Dr. Walid M. A. Khalifa is an Assistant Professor at Hail University, Saudi Arabia, and Fayoum University,
Egypt. He received his BSc in Civil Engineering from Cairo University of Egypt, the PhD in Water Resources
and Environmental Hydrology from Cairo University. His research interests include Predictive Water Quality
and Hydrodynamics in Surface Water Bodies and also in Reinforced Concrete Water Structures.

Trademarks Disclaimer: All product names including trademarksmor registered® trademarks mentioned in
this article are the property of their respective owners, using for identification and educational purposes
only. The use of them does not imply any endorsement or affiliation.

*Corresponding author (W.M.A.Khalifa) Tel: +966-504322771 khalifawalid@yahoo.com w.khalifa@uoh.edu.sa, wmk01@fayoum.edu.eg
©2020 International Transaction Journal of Engineering, Management, & Applied Sciences & Technologies. Volume 11 No.8
ISSN 2228-9860 eISSN 1906-9642 Paper ID:11A8J) http://TUENGR.COM/V11A/11A8J.pdf DOI: 10.14456/ITJEMAST.2020.151



	AN ECONOMIC ANALYSIS OF CROPS PRODUCTION USING A TRICKLE IRRIGATION SYSTEM
	1. INTRODUCTION
	2. METHODology
	2.1 economic analysis
	2.1.1 total annual costs
	2.1.2 net returns

	2.2 development of Trickle irrigation model
	2.3 case study

	3. Results and discussion
	4. CONCLUSION
	5. AVAILABILITY OF DATA AND MATERIAL
	6. REFERENCES

