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1. INTRODUCTION  

Drip irrigation is an irrigation method whereby small quantities of water drip directly to the root zone 

of crops through a network of plastic pipes, valves, emitters or drippers, and Drip irrigation is an 

irrigation method whereby small quantities of water drip directly to the root zone of crops through a 

network of plastic pipes, valves, emitters or drippers, and ancillary devices (Venot et al., 2014). Drip 

irrigation technology is said to improve yields and irrigation efficiency (Goldberg et al., 1976; Keller 

& Bliesner, 1990; Postel, 1999), notably by maximizing irrigation uniformity and minimizing water 

deliveries (Keller & Roberts, 2004). Research and development efforts on drip irrigation have long 

been driven by a search to optimize and better adjust irrigation delivery to crop water demands and 

the notion of efficiency (van der Kooij et al., 2013; Venot et al., 2014). Irrigation scholars, 

professionals but also the wider public generally considers drip irrigation to be a more sophisticated 

form of irrigation as compared to surface irrigation for instance. Its use is associated with 

modernization and progress, and with large and wealthy farmers. Since the 1960s when the first 

modern drip irrigation systems started to appear in Israel and the United States, efforts have also 

started to focus on refining drip irrigation to make it useful and affordable to smallholders' farmers. 

The first model of drip irrigation systems specifically designed for smallholders in the developing 

world was developed in the 1970s by a US based irrigation equipment company called Chapin Water 

matics Inc. (Postel et al., 2001), following a request of the NGO Catholic Relief Service who wanted 

to use them in Senegal (Keller, 2000) Over the last 20 years, several other organizations, such as the 

Non-Governmental Organization International Development Enterprises (iDE) as well as the two 

major manufacturers of drip irrigation equipment, NETAFIM and Jain irrigation Systems Ltd, also 

engaged in efforts to design and disseminate drip irrigation systems for smallholders. Even if the 
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technology demonstration was undertaking across the world including the adoption of it is still in 

seldom due to its high capital cost (Postel, 1996) — about $1,000 (U.S.) per acre for row crops like 

vegetables. This makes installation of drip systems prohibitive for the great majority of farmers in 

developing countries including Ethiopia who cultivate less than five acres.  Fortunately, Industrial 

manufacturers have “scaled down” and simplified large commercial drip irrigation systems (Huang, 

2012). On the other hand, NGOs, such as iDE, claim to have designed a new spectrum of drip 

irrigation systems for the “poorest of the poor” in South Asia and sub-Saharan Africa (Polak, 2008; 

Postel et al., 2001). Both systems promoted by NGOs and large irrigation equipment companies have 

come to be known under the generic name of “drip irrigation kits” as they are compatible with small 

plots (from a few to one thousand square meters). These kits are also called 'low cost‟ or „low 

pressure‟ drip irrigation systems. They are mostly used to grow vegetables and, in some instances, 

fruit trees on small plots.  To meet the need for a low cost system, International Development 

Enterprises, a non-profit organization specializing in small scale irrigation, has developed and field 

tested a simplified drip system that is divisible, and costs $250 a hectare ($50 for a one-half acre unit). 

1.1. Statement of Problem 

Water scarcity and expensiveness of initial investment, operation and maintenance cost of the system 

is a challenge to use different irrigation system for crop production at small holder's farmer‟s level in 

Raya valley, Ethiopia.  To overcome this problem low cost drip irrigation need to be adopted by 

smallholder farmers. 

1.2.  Scope of the Study 

This paper describe only  the result of cost benefit of low cost family drip irrigation system  including 

full drip irrigation cost, fertilizer cost, and labor cost of the installation and operation of system and 

Water use efficiency for Marcofana pepper variety, at Mehoni agricultural research center, Ethiopia.  

1.3.  Objectives  

 To evaluate the feasibility of drip irrigation system at the Research center level   

 To efficiently utilize the scarce water resources and maximize crop yield   

2. MATERIALS AND METHODS 

2.1. Description of the Demonstration Site  

The study was conducted at the research station of Mehoni Agricultural Research center (MeARC) in 

the Raya Valley, Northern Ethiopia, located 668 Km from the capital Addis Ababa and about 120 Km 

south of Mekelle, the capital city of Tigray regional state. Geographically the experimental site is 

located at 12° 41'50'' North Latitude and 39° 42'08'' East Longitude with an altitude of 1578 m.a.s.l. 

The site receives a mean annual rainfall of 300 mm with an average minimum and maximum 

temperature of 22 and 32°C, respectively. The soil textural class of the experimental area is clay loam 

with pH of 7.9-8.1(MeARC, 2015). 

2.2. Methods 

The trial was carrying out for two non consecutive years to evaluate feasibility of drip irrigation 

system on Marcofana pepper crop variety at Mehoni RC, Facagama site. A single drip system/family 

drip was used, which consist of water source (Tanker), control valve, filter, water pipe lines (mainline 

and sub-mainline), lateral lines and emitters and connected to each other as listed the parts 

respectively to operate the system. The system had been installed on well prepared fields of 25m 

length, and 20m width or 500 m
2
 areas and the spacing between lateral and emitter were 0.6m and 

0.4m respectively to grow Pepper.  

To be honest ET by irrigation was estimated by taking the average daily used water during the trial 

period for each year.  In average for 500m
2
 area of land the water used daily were 3.5 and 4 time 400 

litre of water filled tanker for the first and the second year respectively. IWUE was calculated as ratio 

of green pepper yield (Kg) per unit volume of Irrigation Water (m
3)

 and was expressed as kg of green 

pepper per m
3
 of consumed (evapotranspired) water. 
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To assess the economic viability of the drip irrigation system, both fixed and operating costs were 
calculated (çetin et al. 2004). Total cost, gross return or revenue, and net return or profit was 

estimated. The fixed cost includes material affording cost and fertilizer cost while operating cost was 

labor cost. 

Marginal revenue (Gross return) = Yield*10 Birr,   where 10 birr is the minimum return from 1kg of 
green pepper. 

Profit (net return) = (Marginal revenue)- (Total cost) 

Total cost = Fixed cost + Operating cost 

WUE = (Yield)/(Total ETc), while  

IWUE = (Yield)/(IW or ET by Irrigation) 

All cultural practices were done accordance to the recommendation of the crop. 

3. RESULTS OF THE STUDY 

Quantitative data on Transplanting & Flowering date, Plant height, Primary branches, Number of 

flowers per plant, pod length & diameter, Pod number per plant, Weight of (Marketable & 

unmarketable) Yield and weight of Straw per plant has been collected.  And important data has been 
analyzed in 2014 and 2016 respectively as shown in table below.    

Table1. Drip Irrigation use costs per production period at Mehoni Research site 

 Year    Drip Irrigation Costs per 500 m2 (EBirr) Drip Irrigation Costs per ha  (EBirr) 

Material cost Fertilizer cost Wage cost Total 

cost 

Material 

cost 

Fertilizer 

cost 

Wage 

cost 

Total 

cost 

2014 1500 145 5960 7605 30000 2900 119200 152100 

2016 2000 150 5960 8110 40000 3000 119200 162200 

Mean 1750 147.5 5960 5960 35000 2950 119200 157150 

Material cost includes cost of full drip irrigation equipment and fertilizer cost includes UREA and 

DAP affording cost and Wage cost includes labor cost to carry out all works throughout production 
period and Total cost is the cost of the three type‟s costs. 

Table2. Pepper Yield and Water use Efficiency at Mehoni Research site 

 

Year 

Ph (cm) Marketable Yield (Kg) ETc (mm) WUE (Kg/m
3 

) 

(Kg/500 m
2 
) (Kg/ha) ET total ET by 

Irrigation 

CWUE IWUE 

2014 54.86 899.3 17985.78 496.2 350 3.62 5.14 

2016 72.7 908.7 18174.24 487.1 400 3.73 4.54 

Mean 63.78 904 18080.01 491.65 375 3.675 4.84 

ET total is Crop water requirement throughout the vegetating period unto harvesting, ET by Irrigation 

is ETc used by irrigation, CWUE is Crop water use efficiency and IWUE is Irrigation water use 
efficiency. 

Table3. Analyzed Cost benefit of pepper production with drip irrigation technology at Mehoni Research site 

 

Year 

Marginal Revenue (Yield*10birr) in EBirr Profit (Marginal Revenue-Total Cost) in 

EBirr 

Revenue/500m
2
 Revenue/ha Benefit/500m

2
 Benefit/ha 

2014 8993 179857.8 1388 27757.8 

2016 9087 181742.4 977 19542.4 

Mean 9040 180800.1 1182.5 23650.1 

Marginal Revenue is the minimum total income from pepper production under drip irrigation 

technology and Profit is the net income after covering the costs of production. 

4. DISCUSSION 

In both trial years the wage cost is the highest expense and it shows that the feasibility of drip 

irrigation highly affected by wage cost. Even though drip irrigation saves labor water accessibility 
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could limit this fact. In other word if the wage cost could be managed properly this technology would 
be most economical. 

The two year's mean seasonal irrigation water depth applied for pepper was 375mm and the mean of 

marketable yield was 18080.01Kg ha
-1

 or 18.08 ton ha
-1

. The mean minimum profit earned from green 

pepper yield was 23650.1EBirr ha
-1

. This implies that the technology is profitable for small holder‟s 
farmers.  

Data from CROPWAT Modeling 

Long term climate data of the research site  

Month Min 

Temp °C 

Max 

Temp °C 

Humidity 

% 

Wind 

km/day  

Sun hours Rad 

MJ/m²/day 

ETo  mm/day 

January 11.5 27.2 73 69 7.9 18.4 3.35 

February 12.8 27.1 70 86 9.4 22.0 4.03 

March 13.5 29.5 68 86 8.7 22.4 4.45 

April 13.8 29.7 67 95 8.7 22.9 4.66 

May 15.3 32.5 58 52 9.1 23.3 4.69 

June 15.8 35.0 60 43 8.6 22.2 4.70 

August 15.0 29.7 95 43 6.5 19.3 3.89 

September 14.3 30.8 74 52 6.6 19.2 3.96 

October 13.1 29.8 69 86 9.2 22.0 4.37 

November 12.1 28.6 67 69 9.0 20.2 3.78 

December 11.3 27.1 69 69 8.8 19.1 3.41 

Average 13.7 29.9 72 67 8.3 20.8 4.11 

Indices 

 

Fig1. Biomass Demonstration (2014) 

 

Fig2. When explanation on Drip Irrigation Demonstration for selected farmers undertaken (2016) 
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Fig3. When Demonstration and Training on Drip Irrigation for selected farmers in (2016) 

 

Fig4. When Demonstration and Training on Drip Irrigation for selected farmers in (2016) 

5. CONCLUSION AND RECOMMENDATION 

The result shows that drip irrigation system is economical for smallholder farmers if wage cost of 

accessing and operating of water is managed. The yield per capita of the production was economical 
and WUE also high. This may be due to water management problem. To avoid this confusion 

Irrigation water and effective rainfall amount data need to be accurately collected and their effect 

must be studied at the same trial period. 

Demonstration had been appreciated by selected farmers and they have shown their interest to use this 

technology though they have question on water accessibility. So that pre-extension demonstration trial 

of the technology at farmer's level is necessary. 

ACKNOWLEDGEMENT 

The authors are grateful to Ethiopian Institute of Agricultural Research, for providing funds for the 

experiment and technical support. The authors also very grateful to Mehoni Agricultural research 

centre for all staff of Natural Resources Management Research core process for giving us support in 
field management, suggestion and technical guidance during the course of the study experiment. 

REFERENCES 

[1] J.C. Paul1., J.N. Mishra2., P.L. Pradhan3., B. Panigrahi4. (2013 ) Effect of drip and surface irrigation on 

yield, water- use-efficiency and economics of capsicum (capsicum annum l.)  Grown under mulch and non 

mulch conditions in eastern coastal india, European Journal of Sustainable Development, 2, 1, 99-108. 

[2] Goldberg, D., Gornat, B., & Rimon, D. (1976). Drip irrigation: principles, design and agricultural 

practices. Kfar Shmaryahu, Israel: Drip Irrigation Scientific Publications. 



Verification and Demonstration of Low-Cost and Appropriate Micro-Irrigation System for Crop 

Production under Small Holder Farmers Condition in Raya Valley, Northern Ethiopia 

 

International Journal of Research Studies in Agricultural Sciences (IJRSAS)                                  Page | 48 

Citation: M. Yemane. (2018). Verification and Demonstration of Low-Cost and Appropriate Micro-Irrigation 
System for Crop Production under Small Holder Farmers Condition in Raya Valley, Northern Ethiopia. 

International Journal of Research Studies in Agricultural Sciences (IJRSAS), 4(8), pp.43-48, 

http://dx.doi.org/10.20431/2454-6224.0408005 

Copyright: © 2018 Authors. This is an open-access article distributed under the terms of the Creative 

Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 

provided the original author and source are credited. 

[3] Hayrettin Kuşçu , Bahattin Çetin & Ahmet Turhan. (2009) Yield and economic return of drip‐irrigated 

vegetable production in Turkey, New Zealand Journal of Crop and Horticultural Science, 37:1, 51-59, 
DOI: 10.1080/01140670909510249. 

[4] Huang, S. (2012). Evaluation of pre-packaged agricultural drip irrigation kits. (Bachelor of Science 

Thesis), Massachusetts Institute of Technology, Cambridge, United States. 

[5] Keller, J. (2000). Gardening with low-cost drip irrigation in Kenya: For health and profit: Technical 

Report prepared for International Development Enterprises (IDE), http://www. siminet. org/fs_start. htm. 

[6] Keller, J., & Bliesner, R. D. (1990). Sprinkle and trickle irrigation: Van Nostrand Reinhold. 

[7] Keller, J., & Roberts, M. (2004). Household-level irrigation for efficient water use and poverty alleviation. 

Paper presented at the CARDI International Conference on Research on Water in Agricultural Production 

in Asia for the 21st Century, Phnom Penh, Cambodia. 

[8] Polak, P. (2008). Out of poverty - What Works When Traditional Approaches Fail. San Fransisco, CA: 

Berret-Koehler. 

[9] Postel. (1996). Forging a sustainable water strategy. In: state of the world, Lester brown et. al. (Editor). w. 

w. Norton and Co., New York, New York, pp. 42-69. 

[10] Postel, S. (1999). Pillar of sand: can the irrigation miracle last? New York: WW Norton &Company. 

[11] Postel, S. (2001). Growing more food with less water. Scientific American, 284(2), 46-51. 

[12] van der Kooij, S., Zwarteveen, M., Boesveld, H., & Kuper, M. (2013). The efficiency of drip irrigation 

unpacked. Agricultural Water Management, 123, 103-110. doi: 10.1016/j.agwat.2013.03.014. 

[13] Venot, J. P., Zwarteveen, M., Kuper, M., Boesveld, H., Bossenbroek, L., Kooij, S. V. D., Wanvoeke, J., 

Benouniche, M., Errahj, M. and de Fraiture. (2014). Beyond the promises of technology: a review of the 

discourses and actors who make drip irrigation. Irrigation and Drainage, 63(2), 186-194. doi: 

10.1002/ird.1839.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.20431/2454-6224.0408005

