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Abstract: With its an estimated human population of 85 million which increases annually at about 2.7 per cent,
Ethiopia is the second most populous country in sub-Saharan Africa (SSA) only after Nigeria. Agriculture
contributes about 45% and 85% to the GDP and the export earnings, respectively. However, agriculture largely
depends on the highly variable rainfall. Accentuated with the rampant land degradation, the seasonal and
annual variation in rainfall severely impedes agricultural productivity. In the face of soaring global food prices,
importing agricultural products is becoming more challenging. This entails a substantial increase in water and
land productivity through investment in both rainfed and irrigated agriculture. Irrigation projects often require
huge financial and capital investment. As a result, rain fed agriculture may continue to play a major role in the
near future, especially in areas with sufficient rainfall. Therefore, prioritization and resources allocation to the
rainfed and irrigated agriculture should ensure the efficient use of the limited resources. This study compared
the efficiency of the small-scale irrigation (SSI) and the large-scale irrigated agricultural schemes in different
river basins against the rain fed system. The study indicated that irrigated agriculture is more efficient both in
terms of water use and economics regardless of the typology or the basins considered. The large-scale schemes
are more efficient than the small-scale ones. This may be attributed to the use of other complementary crop
management technologies such as fertilizers and the use of improved crop varieties. Although rainfed
agriculture remains important for a long period to come, gradual transformation to irrigation particularly to large-
scale schemes may lead to efficient use of resources for economic development.
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INTRODUCTION formerly non-food deficit areas of the country.

Agriculture is the mainstay of Ethiopian economy that their annual crop production would only last them up
contributing about 45 % to the GDP and 85 % to the to six months and only 2% reported that their current
national export earnings. It also supplies a significant year’s crop production feeds their households for more
proportion of the industrial raw materials while employing than a year [4]. According to FAO [2], about 44 % of the
about 85 % of the population [1]. With the human population lived below the national poverty line in year
population estimated at 77 million in 2007, which increases 2000.
annually at about 2.7 per cent, adding nearly 2 million On  the  other  hand,  there  is  a  huge   tract of
each year, it is the second most populous country in sub- arable  land  with  low  population  density  in  the  low
Saharan Africa (SSA) next only to Nigeria [2]. However, land  areas.  However,  the  rainfalls  in  the  low  land
agricultural productivity remains meager due to unreliable areas  is  neither  sufficient  in  amount  nor  dependable
rainfall, small and fragmented land holding, land in  distribution  and  consequently,  crops  frequently
degradation, limited technological inputs and poor suffer from moisture stress and drought. As a result, the
infrastructural development and market linkages. areas are not effectively utilized for agricultural

IFAD [3] reported that drought coupled with serious production. Yet, they are endowed with abundant water
environmental degradation has increased in frequency, resources that could be utilized for irrigation. The largest
magnitude and geographic coverage, spreading to proportion  of the potentially irrigable land of the country,

Consequently about 55% of the rural households reported
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Fig. 1: Distribution of the existing irrigation schemes in Ethiopia 
Source: Awulachew et al. [9]

which is estimated to range from 1.0 to 4.3 M ha [5, 6] While one large and one small-scale scheme were
(Figure 1), is located in the low land areas. According to selected from Abbay and rift valley basins, three large and
the Ministry of Water Resources only 5% (about 164,348 one small-scale schemes were considered from Awash
ha) of the potential irrigable land has been under basin as it hosts the largest number of irrigation schemes
irrigation. Uutilization of the extensive low land areas in the country (Table 1). Generally, fruits and industrial
through irrigation is among the viable options to increase crops are grown by the large scales schemes where as
crop production. Accordingly, expansion of irrigated vegetables dominate the small-scale schemes.
agriculture is considered to play a pivotal role in reaching Due to the variation in altitudes, ranging from 750 m
the broader development vision of the country; achieving asl at Middle Awash to up to 3480 m asl at Hare, the
sustainable economic growth, ensuring food security and selected schemes represent varying agro-ecologies. The
poverty reduction (PASDEP 2005/06-2009/10). However, upper Awash with 500 mm rainfall represents the direst
the limited financial and natural resources (water and land) while middle Awash with its average maximum
should be used so that the benefits per unit inputs are temperature of 38°C represent the hottest scheme.
optimized. This study compared the productivity of Wadecha Belbela and Indris are located in the relatively
irrigated agriculture with the rain-fed under different cool areas while Finchaa and Hare are the wettest
irrigation typology, crop type and basins. schemes (Table 2).

Methods Used for the Study Data Collection: In this study primary data, viz., crop
The Study Area: Out of the twelve river basins of the type, yield and area cultivated were collected from the
country (Figure 1), three representative basins were irrigated schemes and corresponding rain-fed system.
selected based on the presence of the small-scale and Initial investment and, operation and maintenance costs
medium or large-scale irrigation systems, pervasiveness as well as water charge and tax were collected using pre-
of intensive agricultural activities and the relative share of formulated checklists for the schemes. In addition, series
the basin in the irrigated and rain-fed agriculture of the of interviews and discussions were held with
country. In addition, presence of various cropping representatives of water user associations and
patterns, geographic and agro-ecological settings and beneficiaries, subject matter specialists from zonal and
availability of data were taken into consideration. district offices for the SSI schemes and the corresponding
Accordingly, Awash, Abbay and Rift  Valley  lakes rain-fed agriculture systems. Similarly, interviews and
basins were selected out of which representative small- discussions were held with enterprise managers, farm and
scale and large-scale schemes were identified (Table 1). unit    managers    of   the   selected large-scale   schemes.
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Table 1: Representative irrigation schemes and major crops in selected basins

Basin Type Scheme Major crops grown

Awash Basin Large-scale Metehara sugar state Sugarcane
Middle Awash Cotton
Upper Awash Agro Industry Enterprise Fruits and vegetables

Small-scale Wedecha-Belbela Vegetables
Rift valley lakes Large-scale Sille irrigation scheme cotton, banana, maize

Small-scale Hare irrigation scheme Maize, fruits and vegetables
Abbay Large-scale Fincha Sugar cane

Small-scale Indris Vegetables

Table 2: Characteristics of schemes considered for the study

Farm size Year of
Scheme (ha) Establishment Altitude (m) Soil type Climate Source of water

Middle Awash Agricultural 10,000 1984 750 Fluvisol Average rainfall (mm): 533 Awash River
Development Enterprise and Vertisols Temperature (°C): 15-38
Metahara Sugar Estate 14,733 1969 950 Sandy to clay loam Average rainfall (mm): 543 Awash River

Temperature (°C): 18-33
Upper Awash Agro-industry 7,187 1974 1100-1200 Clay, clay loam, Average rainfall (mm): 500 Awash River
Enterprise sandy clay loam Temperature (°C):15- 33
Finchaa sugar estate 8,500 1999 1350 – 2200 Luvisols and Vertisols Average rainfall (mm): 1300 Finchaa  River
Sille irrigation scheme 1975 1100 Silt loam and clay loam Average rainfall (mm): 730 Sille River

Temperature (°C): 17- 32
Wadecha-Belbela irrigation 1895-2437 Mainly Vertisol Average rainfall (mm): 815 Runoff/ Micro Dam
system Temperature (°C): 11- 25
Hare irrigation scheme 1200m -3480m Acrisol, Nitosol Average rainfall (mm):1309 Hare River

and Fluvisol Temperature (°C): 17-30
Indris irrigation scheme 570 1980 2033 Vertisols Average rainfall (mm): 1121 Indris River

Temperature (°C): 11- 25.

Besides, published and unpublished documents including Climate and geographical information, crop
series of agricultural sample survey reports, inventory of management information including planting and
small-scale irrigation, design documents of large-scale harvesting dates and crop yield data were collected from
irrigation, detail production and market data from the each irrigation scheme to estimate reference
enterprises for the selected basin and schemes were evapotranspiration and crop water requirement according
reviewed and analyzed. to FAO Penman-Monteith method [11]. In principle, rain

Determination of Water Use Efficiency: The water use lost through evapotranspiration in the rainfed system,
efficiency, which is defined as the yield of marketable crop while rainwater and irrigation water applied during the
produced per unit of water used as evapo-transpiration growing season as well as the moisture previously stored
was worked out for the representative large and small- in the soil contribute to evapotranspiration in irrigated
scale schemes to reflect the productivity of water for some systems.
selected crops. Water use efficiency was estimated by As information on crop water consumption during
dividing the average crop yield with estimated cumulative the growing season was not documented, it was assumed
evapotranspiration for each crop (equation 1). that Crop Evapotranspiration (ETc) in the rainfed system

(1) irrigated system was assumed to be satisfied by irrigation

Where, irrigation to the crop during the growing season was
WUE = Water use efficiency (kg ha - m ) adequate. For adequate water supply, the maximum crop1 3

Y = is the marketable yield (kg ha ) evapotranspiration (ETm) was computed using Penman-1

ETc = Crop evapotranspiration (m ) Monteith  method [11] with CropWat for windows version3

and stored soil moisture are the major sources of all water

was satisfied from the seasonal effective rainfall. ETc in

water only and that the available soil water supplied by
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Table 3: Productivity of different crops under irrigated and rainfed agriculture (100kg ha )1

Large-scale Small-scale

--------------------------------------------------------------------------------------- ---------------------------------------------

Crop MAAE Matahara UAAE Sille Fincha’a Indris Hare Wadecha Rainfed

Banana - - - 45.0 - - 38.3 - -

Cotton 24.3 - 7.1 - - 16.0 - -

Maize - - - 27.4 - - 27.0 - 18.4

Sugarcane - 1077.1 - - 1634.3 500.0 - - 114.6

Fruits - - - - 69.4

Onion - - - 139.8 - 125.8

Tomato - - - 194.0 - 105.2

Cabbage - - - 143.0 - 72.7

Garlic - - - 400 - 131.4

Potato - - - 159.2 - 57.3

4.2 (12). In order to allow comparison between systems The formula for NPV is given as:
and areas, only crops that grow under both systems were
selected for the small-scale and rainfed systems. (2)
Consequently, the yield data of spinach, potato, carrot,
tomato, pepper, onion and sweet potato were obtained
from the district irrigation offices of the respective areas Where P  is the net income driven from the difference in
and 5-10 years data was used depending on data the flow of benefits (B ) and costs (C );
availability.

Economic   Analysis   of   Large-Scale    Irrigation t = Time horizon
Schemes  Approach:  A  simple  ex-post  financial  cost (1+r) = Discount factor
and benefit analysis was conducted to assess the
financial viability of selected large-scale irrigation A positive net present value indicates that the
schemes (Table 3), small-scale and corresponding rain-fed project is financially viable. This is the decision rule we
system. will use below to assess viability.

Data and Assumptions: Secondary data for ten years RESULTS AND DISCUSSION
gathered from the five large-scale commercial farms were
used for the analysis. The data included investment cost, Large-Scale Irrigation
cost of production, output and revenue among others. Trends in Area Coverage: As indicated in Hagos et al.
Based on the data, annual replacement cost on per ha [8], the large-scale irrigation schemes grow mainly sugar
bases were computed as initial investment divided by cane, cotton, fruits and vegetables, though the proportion
project  lifetime  (25 years)  and O & M is assumed to be may  change depending on productivity and availability
10  %  of  annual replacement for Small-scale Irrigation of  market,  among others. Generally, the area of land
(SSI and 50 years and 5 per cent for large-scale schemes under LSI scheme (Figure 2) except for Sille, which had
[13]. Discount rates of 10 and 15 % were used to calculate shown a decline in irrigated land area in 1990s mainly due
the financial net present value. to re-occupation of part of the land by the local people,

Indicator Used in Financial Viability Analysis: The Net (Figure 3-6). Sille farm was challenged by the lack of
Present Value (NPV) was used to estimate the financial net market  for  cotton,  which  used to be its major product
present value (FNPV) for each of the schemes to measure and very low productivity (Table 3); and by the local
project worth. The NPV is one of the most widely used people who re-occupied part of the land. There are no
and straightforward discounted measures of project worth competent purchasers of cotton in the area and
[14]. transportation  cost is too high to transport to other areas.

t

t t

r = Discount rate

t

have shown a steady increase over the last decade
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Fig. 2: Trend of irrigated area under LSI schemes in agriculture is higher than that of rain-fed agriculture
Ethiopia (Table 3). This corroborates the general trend that

Consequently, the farm has become price recipient, agriculture than for rain-fed agriculture. However, the
instead of negotiating for a reasonable price. productivity of the large-scale irrigation farms was

In response to the market problem, the farm seems to generally declining presumably due to management-
have abandoned some parts of its command area to be induced constraints. Farms like Fincha’a are attempting to
used as grazing ground by the local community. Although compensate for the loss through expansion of cultivated
expansion of banana plantation to the fallow lands is land area.
underway by the farm, the pace appears to be too slow,
which may eventually lead to a condition where the local Financial Profitability: Regardless of their area coverage
community opt for permanent ownership of the land they or the productivity of the crops grown, all the large-scale
are currently using for grazing. irrigation schemes including Sille  are  either  profitable or

The expansion of land allocated to banana
production at Sille farm despite the decreased
productivity of the crop was induced by the increased
demand for the product as a consequence of which, the
net revenue of the farm started to recover since the year
2001 following its highest loss in year 2000 (Figure 3).

Trends in Productivity: Although no sufficient data is
available for all crops grown under irrigation and under
rain-fed conditions, the scanty information indicates that
productivity of large-scale irrigated agriculture is higher
than small-scale irrigated and rain-fed agriculture.
Similarly, the productivity of small-scale irrigated

agricultural productivity is usually higher for irrigated

Fig. 3: Net revenue (million Birr) of Sille irrigated farm over 10 years

Fig. 4: Net revenue (Million Birr) of Fincha’a irrigated farm
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Fig. 5: Net revenue (million Birr) of the upper Awash Agro-industry Enterprise

Fig. 6: Net revenue (Million Birr) of Matahara irrigated farm

recovering from loss (Figure 3-6). Sille irrigation farm was Generally, the large-scale irrigation schemes
operating under loss for three successive years (1998 and considered in this study are profitable. While the extent of
2000), before it recovered to become slightly profitable in profitability varies among the schemes, all have shown an
2001; and this was followed by steadily increased increasing trend. This is despite the general trend of
profitability (Figure 3). While the loss was partly reduced productivity and the challenges related to market
attributed to the reduced productivity and lack of market and competition for land. However, in order to ensure
for cotton, which was the major crop of the farm, its sustainability, reasons for reduced productivity should be
restoration and increased profitability is related to the identified an addressed properly. As irrigation is only one
change in crop type, mainly form cotton to banana, which component among many factors that affect productivity,
enjoys a better market. the other determinant factors such as drainage, proper

For reasons not clear, the net revenue of Fincha’a fertilization, salinity control, weed and pest control as well
was depressed dramatically in year 2001 to endure some as adoption of practices that affect the physical properties
loss, but it was considerably improved the following year of the soil such as tillage operations should be given due
followed by steadily increased profitability (Figure 4). The consideration in the management of the farms. The
increased profitability is in part attributed to increased competition for land, especially at Sille needs special
cultivated area and diversification of products in addition attention before it aggravates to a wider scale. Involving
to sugar, which is the major commodity crop. the surrounding community in decision making about the

Though its performance in terms of profitability (net land and ensuring they benefit from the farm is the likely
revenue) during the years before 2002/2003 was not viable way out.
stable, the upper Awash Agro-industry Enterprise was
generally profitable (Figure 5). Economic Efficiency: With regard to efficiency of irrigated

Compared to the other large-scale irrigated farms, and rain-fed agriculture in terms of Gross Margin (GM) per
Matahara scheme seems to be leading in terms of its net hectare of land, there is a significant difference between
revenue, which escalated from just over 100 Million Birr a the  two agricultural systems for the different crops.
year in 2001/2002 to 300 Million Birr a year in 2005/2006 Hagos et al. [8] compared the income obtained due to
(Figure 6). Therefore, provided that water and land are not growing six crops including tef, wheat, maize, barley,
limiting, expansion of irrigated farm in the region may lead sorghum grown under rain-fed and irrigated conditions
to further increase in economic benefit. and the result showed  that  irrigated agriculture provided
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Fig. 7: Gross margin of rain-fed and irrigated crops
Source: Hagos et al. [8]

higher income per hectare of land for all the crops except Fruit and vegetable farms under large-scale irrigation are
beans, which performed slightly better under rain-fed also profitable as compared to cotton, as the demand for
conditions (Figure 7). One of the possible reasons for low the products are high and they have some processing
crop yield under rain-fed agriculture is that rainfall could industries of their own. This study therefore, indicates
not provide the right amount of water at the time required that large-scale irrigation farms are the most productive
by the crops throughout the growing period. At times than the small-scale irrigation or rain-fed agriculture.
however, it could also be too high leading to water However, their profitability depends on the choice of
logging, since clay rich and poorly permeable soils crop, availability of market, whether the enterprise has its
characterize sites where the small-scale irrigation and rain- own processing plants etc. However, as the large-scale
fed crops were grown. Besides, rain-fed crops are grown irrigations schemes demand huge capital investment, it
during the rainy seasons when the sky is often covered may not be realized to exploit the irrigation potential of the
with cloud, which leads to reduced effective sunshine country. Therefore, the small-scale irrigation seems to be
hours and which reduces photosynthesis. a realistic option in the near future. This justifies also the

Financial Viability: As can be seen in Table 4, all gives more focus to the small-scale irrigation.
schemes can be considered as financially viable.
Matahara seems to have the highest financial performance Small-Scale Irrigation
among the sugarcane growing plantations. In general, one Water Use Efficiency: The weather data used in this
could say that the sugarcane plantations are relatively study shows that the amount of rainfall received during
more financially viable than the other two schemes, which the growing period was higher than the maximum
mainly produce vegetables and fruits and cotton, evapotranspiration demand (ETm) for both schemes.
respectively. This could be partly attributed to the Therefore, the crops under rainfed system were not
sustainable market availability for the sugarcane products stressed by shortage of water. This generally shows that
as the   enterprises   have   their   own   sugar  industries. rainfed   agriculture   is   a   viable  option    in   the   areas

irrigation development strategy of the country, which

Table 4: Financial Net Project worth of irrigation schemes in Ethiopia

Name of scheme Major crop Annual recovery cost/ ha (EB) Net gross margin per ha (EB) NPV (r =0.01) NPV (r =0.15)

Finchaa Sugar cane 1253 2943 482,755,026 348,729,726

Matahara Sugar cane 186 32649 970,321,902 639,568,133

Upper Awash Fruits and vegetables 76 16594 304,705,944 218,716,765

Middle Awash Cotton 228 1212 45,409,157

10,076,936
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Table 5: Irrigated and Rainfed Crop Water Use Efficiency

Rainfed Irrigated
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Yield (T ha ) ETm (mm) Effective * WUE WUE1

rainfall (mm) (kg ha  m ) Yield (T ha ) ETm (mm) (kg ha  m )1 3 1 1 3

------------------- --------------------- -------------------- -------------------- ------------------ --------------------- --------------------
Wadecha- Wadecha- Wadecha- Wadecha- Wadecha- Wadecha- Wadecha-

Crop type Indris Balbala Indris Balbala Indris Balbala Indris Balbala Indris Balbala Indris Balbala Indris Balbala

Spinach 5.7 5.56 270 345 500 420 1.14 1.32 - 9.40 300 360 - 2.61
Pepper 0.36 8.99 270 345 500 420 0.07 2.14 0.17 11.17 300 360 0.06 3.10
Carrot 2.53 8.80 270 345 500 420 0.51 2.10 0.88 14.09 300 360 0.29 3.91
Sweet potato 0.94 7.00 285 356 500 420 0.19 1.67 0.51 12.57 320 380 0.16 3.31
Potato 0.2 8.57 285 356 500 420 0.04 2.04 0.28 7.75 320 380 0.09 2.04
Onion 5.96 5.02 300 340 500 420 1.19 1.20 - 15.38 346 385 - 3.99
Tomato - 15.16 320 355 500 420 - 3.61 - 16.05 385 400 - 4.01

* Effective rainfall was computed based on USDA Soil Conservation Service Method

considered though the productivity seems to be severely crops. Therefore, rainfed system in both basins seem to
constrained especially at Indris as compared to the have suffered from excess moisture than its shortage,
irrigated system. Although the rainfall amount was higher which implies that drainage and adjusting the planting
at Indris than Wodecha Balbela, the yields obtained for dates, as well as selection of suitable crop species and
most crops from the later were much higher than that varieties might improve the productivity of the rainfed
obtained from the former, leading to higher WUE for the system. However, promotion of irrigation may allow a
later (Table 5). The excess water at Indris that might have wider range of crop species and verities without
lead to water logging may partly explain the depressed compromising yield. Because the rainfall at both locations
yield. It is believed that improving the land and crop are adequate for one cropping season, it may be possible
management practices such as surface drainage and use to utilize both rainfed and irrigation systems, but this
of inputs such as fertilizers that increase crops requires appropriate planning including choosing the type
performance may enhance the water productivity at this of crop suitable for the respective systems.
scheme.

Comparing the two systems, the data indicated an CONCLUSION AND RECOMMENDATION
increased WUE for the irrigated system at both locations.
The  WUE  for  rainfed crops ranged between 0.04 and As agriculture is the mainstay of the Ethiopian
3.61 kg ha  m , whereas that of the irrigated crops economy, it is natural that the economic development1 3

ranged between 0.06 and 4.1 kg ha  m . Considering the strategy uses the sector as an entry point. However,1 3

locations (basins), Wadecha Balbala which is located in Ethiopian agriculture remains subsistent due to
Awash basin was more productive under both systems. biophysical and management related factors. In order to
Comparing the crops, tomato gave the highest WUE in ensure sustainable and equitable development, a
both rainfed and irrigated systems. Thus, the production multifaceted intervention is a matter of necessity. The
of 1 kg of tomato under irrigation required about 0.25 m dependence on the unreliable rainfall is limiting factor for3

of  irrigation  water while the same crop required about agricultural productivity. Therefore, transformation of the
0.28 m  rainwater under rainfed system. agricultural sector and thereby the economy, irrigation is3

The increased WUE in irrigated systems as compared among the priority areas of intervention. However, as
to the rainfed system might be related to the timely irrigation demands high capital investment, informed
application of adequate irrigation water, favorable decisions should be made in allocating resources to
temperature and sunshine during the growing period as irrigation systems (large or small-scale) across basins and
opposed to the possible water logging problems due to for different crops. This study compared the water use
excess rainfall, cloud cover during the rainy days that efficiency, productivity and economic profitability of
impede photosynthesis under rainfed conditions. In different irrigation schemes (small and large-scales)
addition, the high rainfall and cloud  cover  can  promote located in different basins as compared to the rainfed
disease and pests, which restrain productivity of the system.
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The result showed that the area under the large-scale In areas with sufficient rainfall, the water management
irrigation schemes in basins considered was steadily
increasing might be to compensate for the slightly
decreasing productivity. Sille irrigated farm seems to
suffer of lack of market for its cotton and competition for
land with the local community. While the farm is slowly
changing its crop from cotton to banana, which seems
promising, the issue of land deserves special attention.
Diversification of products that is practiced by Fincha’a
farm can be taken as a lesson to ensure stability of
revenue by other farms as well.

Although rainfall during the growing period of the
rainfed crops was more than adequate, the productivity of
the irrigated systems was higher than that of the rainfed
system, regardless of the basins and crops considered
which might be caused by excess rainfall during the
growing period that caused water logging, as the soils in
the study areas are largely clayey and due to the possible
cloud cover which reduces sunshine hours impeding
photosynthesis. Besides, the moist air that favors
prevalence of disease and pests hampers the productivity
and water use efficiency (WUE) of some crops. Although
better than that of the rainfed, the productivity of SSI was
impeded by the minimal use of improved technologies
such as fertilizers and improved seed and the management
practices such as planting, irrigation. On the other hand,
the large-scale irrigation schemes are economically more
efficient than the small-scale irrigation, which is in turn
more efficient than the rainfed system.

From the above, it can be recommended that:

Efforts to expand large-scale irrigation farms should
consider availability of markets and integration with
agro-industrial processing.
Implementation of the SSI should be combined with
appropriate agronomic practices including crop
selection, suitable method and frequency of
irrigation, disease and pest control.
Although they are less efficient as compared to the
large-scale schemes, the SSI schemes may be
expanded to areas currently under rainfed system
without demanding heavy investment and with less
human capacity.
As the expansion of the irrigated systems is slow due
to technical and financial constraints, the
productivity of the rainfed system need to be
improved through complementary technologies such
as use of fertilizers, suitable crop varieties and
implementation of appropriate agronomic practices.

strategy should integrate rainfed and irrigated
farming through planning to synchronize the
cropping calendars to enable double or triple
cropping.
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