WATER HARVESTING FOR CROP PRODUCTION IN SEMI-ARID AREAS OF NORTH EASTERN ETHIOPIA: A CASE STUDY OF FLOODWATER DIVERSION IN ABA’ALA AGRO-PASTORAL AREA

By: Mitiku Haile  and Diress Tsegaye

Mekelle University ,P.O.B.231,Mekelle,Ethiopia

1.  Introduction

In arid and semi-arid areas water is an important limiting factor to crop growth. Floodwater harvesting makes dry valleys and flood plains more productive. A variety of crops such as fruit trees, forage crops and cereals. Farmers modify the flood plain ecosystem by intentionally planting certain crops and selectively encouraging or discouraging volunteer plant populations in Tunisia, Jordan, Burkina Faso, China, India, Israel and Mexico (Reij et al., 1991). Similarly, agro-pastorals in Aba’ala produce mainly sorghum and maize by diverting rivers through use of shrubs/trees, stone and soil every year. They started producing crops following the 1983 to 1985 drought due to loss of livestock and to supplement livestock production whenever there is good rainfall or flood. Although the average annual rainfall is estimated between 300-550 mm/year, the distribution may be poor or can occur within a short duration followed by early cessation before the critical hours of crop growth, or there could be meagre rainfall for three to four years and heavy storms in few days of the other years. “Reliance on average annual rainfall in arid and semi-arid areas gives only a rough picture”.

Floodwater diversion techniques are those, which force the water to leave its natural course, which it would no do without manipulation (Reij et al. 1991). The study area receives ephemeral or seasonal stream flows from the highlands of Tigray. Though adequate data is not available, it is obvious that the runoff yield from the highlands of Tigray with an annual precipitation of 600 mm flowing through Myshugala, Aba’ala and Murga rivers are used for crop production (Yirgalem, 1999; Diress, 1999). The total catchment area contributing to the surface runoff into the Aba’ala plain is about 254 km2 (Kifle, 2001). By pooling community labour force, people divert from flows in ephemeral or seasonal streams and convey to cultivated fields through a system of channels. They prepare these channels every year by use of available trees/shrubs, stones and soil since it is destroyed by flash flood every year. It takes more than three months to construct or maintain diversion channels every before the next rainy season. Through time, however, riverbeds are widened and big gullies are formed inside cropping fields and people are unable to divert the flood into their cropping fields as they wish. In addition, failure of rainfall in the highlands areas of Tigray compounds the problem because of flood insufficiency. 

To alleviate their problems to certain extent, the Dryland Husbandry Project (DHP) and Afar Integrated Pastoral Development Programme (AIPDP) built diversion structures and opened traditional channels by using bulldozer in Myshugala, Aba’ala and Murga rivers. Although it assists people to get a better yield in the years where implemented, siltation and change of river courses makes the practice unsustainable. 

Therefore, it seems necessary to give more attention on the effective management of the surface water resources of the area and suggest alternative methods of water harvesting to alleviate water shortage problems for crop production, domestic uses and for livestock. As a matter of fact, the strategy should include the storage and utilization of surface water resources from adjacent runoff multipliers (macro catchments). Hence, sufficient amount of water can be harvested after the run-off attains the peak discharge so that the structures would not be threatened by sudden flash flood. Depending on the climatic, topographic and objective of the structure, storage tanks, a series of check dams with some storage ponds and cisterns (sand filed dams) may be recommended. Therefore, there is a need to assess the impacts of diversion and suggest technically and socio-economically sound water harvesting scheme to the floodplain. The objectives of this study were thus: 

· To assess the impact of traditional and project assisted flood diversion practices for crop production in the semi-arid (agro-pastoral) area of Aba’ala.

· To suggest alternative and economically viable methods of surface water harvesting for crop production, domestic uses and livestock.

2.  Study Area

The study area is located in Aba’ala Wereda, Zone Two of Afar Regional State and lies approximately between 13o 15' and 13o 30' N latitude and 39o 39' and 39o 55' E longitude about 50 kilometers east of Mekelle town. The study area consists of flat plains occasionally interrupted by few undulating hills and a series of elongated ridges, surrounded by high broken hills with very few outlets joined to other areas (Diress, 1999). The average elevation of the area is approximately 1500m above sea level. The distribution of the soils varies according to the landscape. Along river banks deep alluvial soils occur that are coarse in texture with both sands and gravel present (Hunting and MacDonald, 1976). In the plains an association of soil types are observed including Cambisols, Vertisols and Fluvisols.

A semi-arid type of climate receiving bi-modal rainfall characterises the study area. The area received an average of 422mm rainfall annually for the period 1972-1979 (Ethiopian Meteorological Agency, Shiket station records). Rainfall intensity is usually high leading to high runoff volume, and this coupled with high evaporation rate makes the available rainfall insufficient for crop production. The ago-pastoral societies in the study area thus, depend highly on the floodwater coming from Tigray highland to produce dry land crops. 

Vegetation of the study area consists of wooded bushland dominated by A. etbaica with many associated trees and shrubs (Diress 1999; Hunting and MacDonald, 1976). 

3.  Methods

Community water-harvesting practices for crop production and associated impacts were reviewed using the available literature and personal observations and/or experiences in the Aba’ala agro-pastoral area. The Dryland Husbandry Project (DHP) and Afar Integrated Pastoral Development Programme (AIPDP) water harvesting experiences, study reports of practical attachment students and other similar studies in the area were utilised to compile this study. Local people were also consulted during various occasions (during repeated project site visits, field days, etc.).

4. Sources of water for crop production 

Some farmers who have access to Aba’ala river water are growing maize, some vegetables and papaya using traditional irrigation practices in the dry season. Though their potential is limited, Aba’ala and Shugala rivers can be used for small-scale irrigation. At present, the river water is mostly used for livestock and human and the river water sinks in the sand before it reaches the cultivated area. So the main sources of water for crop production are seasonal floods coming from ephemeral flows through Aba’ala, Shugala and Murga rivers during the main rainy season (June-September). Since the rainfall situation is poor, crop production is effected through flooding. In Table 1, it is shown that 73.3% of households in the six villages of Aba’ala (Wakrigubi, Adiharemele, Hidmo, Assengola, Irkudi, Undassngola) do get water from the floods (Solomon, 1998).

Table 1. Response of households on source of water for crop production

	Source of water
	No of households
	%

	Rainfall
	31
	26.5

	Rainfall and flood irrigation
	86
	73.5

	Total
	117
	100.0


Maize and sorghum are mainly cultivated using the available flood and rain water during the rainy season. However, due to the late start and early cessation of the rains, people were unable to produce especially late maturing local sorghum varieties for the last five years.

5.
People water-harvesting practices in Aba’ala floodplains

5.1.
River diversion for crop production

It is stressed that rainfall situation in every aspect is poor in the area. Therefore, rain fed agriculture alone does not help the local community. Floods come to the area mainly by three major rivers. These rivers are Abala, Shuguala and Mirgua. The rivers are wide which reach approximately 50m on average. These rivers increase their width with increase in the size of the floods and change in the flow to the edges. It is the width that looks a threat and should be controlled. Physical structures are preferable instead of agronomic measures just on top of the edges to check the advance of the width. Physical structures like gabion can prevent the further widening of gullies and rivers (Morgan, 1995). But as a simpler remedy, the stones and boulders brought up by floods and left on the beds of the rivers can be removed. This helps the flow to pass in the middle of the rivers.

Diverting from these rivers there are many waterways that run into farms. In total there are about 27 primary channels diverted from the three rivers (AIPDP, 2000). The diversion channels are made by digging an open channel both at the left and right banks of the rivers and strengthened by stone, boulders, shrubs and logs of trees. This is a common water harvesting technique in low rainfall areas for crop production. When there is flood almost all farms get water. Within the farms there are narrow furrows covering the entire field. These furrows distribute and can carry water for some time. The furrows are made in intimate succession to one another and slightly against the contour. 

The other advantage of floods is that the soil they bring from the highlands. Crop production is not hampered by soil fertility due to the continuous renewal of soil by flooding in the area. This implies not much fertility is lost due to depletion and other factors (FAO, 1987). To ascertain this fact the soil has well depth, as some cross sectional cuts of soils at different places are observed. So, the furrows are also used to retain the soil in addition to water retention.

To utilize the available floods properly, some farmers construct soil and stone bunds in their cropping fields. Table 2, gives the proportion of households who use bunds (Solomon, 1998).

Table 2. Distribution of households on presence/absence of bunds in their farms.

	Response
	No of households
	%

	Farms with bunds 
	28
	23.9

	Farms without bunds
	89
	76.1

	Total
	117
	100.0


It is said that Aba’ala is a dryland area with shortage of rainfall. But low rainfall doesn’t mean less erosion by water. Since there is no enough plant cover there is severe erosion in the area as in other areas of drylands. Apart from this the area has other dryland environment characteristics.

The people experienced that out of two years one year faces rainfall shortage. For example, they said that there was good rainfall this year (the rainfall figure collected by DHP from January-October 2001 indicated 523 mm). But this year the rainfall distribution was very poor. 

As is the case in many flood plains, use of floods has many associated problems in Aba’ala. For instance, beneficaries of Murga river mentioned the following problems:

· Upstream and downstream users do not share the flood flowing through the river equitably.

· Technical faults in developing local diversion canals that could lead to change of the original river course

· Improper secondary and tertiary canals that could lead to creation of gullies in the cropping fields.

· Large amount of sand deposition in the canals and even in the cropping fields.

· Traditionally built canals were found to be incapable of supporting pressurized water flows and needs maintenance every year.

Due to lack of strong diversion canals in Murga river, about 400 hectares of previously cultivated cropping lands are abandoned. Considering the situation in the area, studies were made by DHP and AIPDP in consultation with the community and two sites were selected for diversion from the three rivers each in addition to the previously constructed diversion dike at Shugala river. These include:

· Sherifo and shagla canals from Aba’ala river

· Wakrigubi/Adiharamele and Adayle from Shugala river

· Mohamed Yasin and salih Shki Ali from Murga river

Based on the recommendation of the study, a diversion dike has been built at Mohamed Yasin site in Murga river this year by AIPDP. Four other small diversion dikes were also constructed in Murga along with the above dike. The people benefited from these diversion dikes although the four small dikes were damaged by the unusually high flood occurrences of this year. The problem was created due to lack of long-term rainfall and flood characteristics that are very crucial in designing appropriate structures for diversion. 

The local people were participated in the construction of these dikes starting from selection of sites and by contributing their free labour in the excavation, stone and sand provision and other similar activities. The built structures together with using bulldozers may assist people temporarily but the lessons gained so far indicated that the practice is not sustainable. Appropriate structures, gully stabilisation and catchment treatments are needed and these need big investment. 

5.2
Community water use management

Although the frequency of irrigation depends on the occurrence of floods in the rivers, people in the area have water use rules. Those beneficiaries participated in the construction of the diversion dike and in the making of small canals that are re-branched from the main diversion canals have the right to use flood irrigation. People are organized in groups to make sub-water line canals that starts from the main diversion dike and stretched up to the individual farms. Every user opens his canal at the top end to share the available flood. Depending on the amount of floodwater, upstream users have more access to flood water than down stream users. But, if the floodwater is not enough to irrigate all cultivable land in the area, only few individuals near to the upper end are benefited.

If an individual attempts to close the canal of another individual and used the water for himself, he will be fined by the local water use committee up to 50.00 Birr. Women headed households are allowed to irrigate their farmland have the right to use nearest canals. However, they are supposed to co-operate in the making of water canals, if they have brothers or one able to send a daily labourer to build the canals. There is a need to maintain flood canals every year before and during the rainy season. 

5.3
Advantages and disadvantages of flood irrigation

As the amount and distribution of rainfall over the growing period of long season crops is very low, the crops planted in the lowland areas of Aba’ala valley, particularly sorghum and maize suffer from moisture stress during the later stages of growth (from seed filling to full maturity). To overcome this problem, people traditionally divert floodwater as a supplementary irrigation. But, there are positive and negative sides to its use (Table 3).

Surface flood irrigation plays a key role in alleviating the existing moisture stress problem in the area. So far the frequency of irrigation depends on the occurrence of flood in the river. The floodwater is not held in reservoirs, rather diverted and used immediately during the rainy season.

Table 3. Positive and negative aspects of flood irrigation

	Positive aspects
	Negative aspects

	Moisture deficit problem is alleviated
	Soil nutrients are leached due to excessive flood water

	Enough flood water enables farmers to cultivate previously uncultivated land
	Uncontrolled excess flood water cause soil erosion and takes away the top fertile soil

	Alluvial soil from highlands is deposited and fertility of the soil may increase
	There is an increase in the population of annual, biennial, and perennial weeds that their seed is brought by flood water

The top soils of the area may be buried by sand and gravel

	Cynodon dactylon and other grasses are grown in the grass strips and around the fields, which are used for livestock feed
	Due to lack of drainage system, excess flood water creates water logging and may reduce growth of crops


5.4
Use of ponds (Horoye) as a source of water for domestic use

People in the study area obtain water for domestic and livestock uses from different sources such as perennial rivers and shallow ponds (Horoye). In dry season beginning from November-June the watering point for livestock and domestic use are Aba’ala and Shugala rivers. The distribution of ponds and time spent to fetch water for domestic use in Aba’ala are shown in Table 4. Rainfall in the area is not only needed for agricultural activities but also to supplement drinking. The ponds are used to harvest rainwater, which is common practice in arid areas. 

The ponds are small and circular which have more depth opposite to the water entry side. It has a radius that is not more than 10 meters. They are entirely made from soil. Soil is dug and bunded about 1-2.5 meters high as the biggest at one side. The bunding height decreases as one moves towards the entry side along its circumference. These ponds used only for few months during the beginning of the dry season and women are forced to fetch water walking for about six hours a day. 

Table 4. Distribution of ponds in the villages

	Villages
	No. of ponds
	Average period of services

	Hidmo
	2
	4-6

	Assengola
	4
	2-4

	Irkudi
	1
	4-6

	Wakrigubi
	1
	2

	Adiharemele
	2
	1-2

	Total
	10
	


Source: AIPDP (2000)

The people said that the ponds do not last more than a few months and the major problems of the ponds are mentioned as follows:

· The farmers do not compact the soil well that could lead to seepage loss

· Since the waterway is made by digging the soil and is unlined, soil gets into the pond with water by erosion

· In addition, the ponds are open so are exposed to every externality and 

· Seepage loss, sedimentation and evaporation minimise the water content drastically. 
Discussion was held with the community members to express their views how to solve problem of water mainly for domestic use. Sites for better pond construction are selected in consultation with the community. These include Edagube, Waedu and Lawede (Assengola); and Mendefera (Irkudi); Ingola (Adiharemele). 

5.5
Impacts of river diversion and pond construction and peoples’ attitude

Generally, yield is a function of many factors, such as soil fertility, rainfall (amount and distribution), natural resource management practices, quality of seeds, weeds and insect pests. The interaction of these factors and other plant factors determines the yield obtained from a particular crop. Although soils and other factors are suitable, there is serious moisture stress problems in semi-arid areas. Those farmers who use floodwater from diversions made using bulldozers in the three rivers and a diversion dike in shugala river indicated that their crops were at good condition and the yield increased dramatically. In addition to this, abandoned cropping fields were cultivated because of enough supply of floods. As a result of this, farmers of the area have now a positive attitude in this regard. Beneficiaries, however, indicated that there is significant decrease in yield through time as a result of late start and early cessation of the main rains. As a result, people are unable to produce the local late maturing sorghum varieties such as Degalit. Since the flood repeatedly damages diversion structures, maintenance is needed every year. This made the people to seek support from DHP-Ethiopia and AIPDP for the maintenance of the diversion canals every year. Farmers are always willing to contribute free labour in the process of maintenance if assisted technically and materially. But the question is for how long?

There was a problem of sedimentation in the upper part of the river diversion dikes in Murga and Shuguala rivers, which are filled by sands and stones. This is due to high floodwater coming from the Tigrai highlands during the rainy season. 

The sustainability of the traditional water harvesting practices and project interventions are therefore under question due to the high floodwater, which results in breakage of structures and sedimentation. For sustainable use of floodwater from the rivers and ephemeral flows, there is a need to undertake a master plan study that leads to the construction of permanent structures. However, this needs big investment. In this regard DHP can play a catalyst role to attract the government or other NGOs to involve in master plan study and associated development. 

Projects involved in water harvesting in the area implement activities based on a trial and error basis since there are no enough basic data to design and construct appropriate structures. People are also resource poor to maintain the structures every year at this time.

Although people indicated that the benefits of additional large pond construction for both livestock and domestic purposes, they indicated that utilization of ponds has its own disadvantages. These include:

· Cause land degradation due to attraction of many animals

· Difficult to manage as the pond belongs to every body

· Overcrowding and deciding who served first

· Water borne diseases

Due to the above management problems people mainly recommend small ponds or cisterns that could only serve for domestic purposes for each village as animals could still travel to the perennial rivers.
River diversion has also the following long-term negative impacts in the area even if it seems accepted by the community at this time:

· Encourages sedentarization and transformation of pastoralists to agro-pastoralists in the area where crop production is not sustainable due to insufficient rainfall. 

· Crop production is not sustainable in the area unless well co-ordinated irrigation system is not used. Only few data as yet support the assumption that the use of water harvesting techniques in semi-arid Sub-saharan Africa leads to substantial and sustained yield increases (Reij et al., 1991). Lessons gained so far in the lowland areas of Ethiopia indicated that crop production is always a failure.

· Encroachment of cultivation into key grazing areas mainly used as dry season grazing for the majority of the pastoral communities. For enrichment of grasses low cost water harvesting could be used.

· Hinders mobility, which is one of the best strategies to utilize feed and water that are heterogeneously distributed in space and time and to avoid risks during drought. 

6.
Alternative solutions for water harvesting in the study area
Greater part of the catchment area under study is degraded steep slope hillside with rock out crops and sparse vegetation (Yirgalem, 1999). Therefore, the infiltration rate is estimated to be between 0.1-0.5 cm/hr which is very low according to Rycroft (1988). The preliminary study on the runoff hydrograph shows that there is high yield of runoff for a given rainfall amount. This could be because the degraded steep slopes, the high drainage texture and sparse vegetation cover of the area giving rise to little time for infiltration and causing a brief storm. In fact, all structures, which harvest water from this flash flood, will silt up through time. Nevertheless, direct flow of the sediment-laden flood to the reservoir would shorten the life span of the reservoir. 

According to Barrow (1993), “if small reservoirs are constructed where vegetation cover is sparse and seasonal rain or storm deliver brief heavy run-off, they face the threats of sudden silt charge flow or during dry period evaporation losses and risk of percolation losses. Taking the advantage of the geological suitability of the area (a flood plain  with alluvial soils of few meters deep), other alternatives such as storage tanks, sand filled dams and check dams for artificial recharge need to be given attention. 

(i)
Storage tanks

Storage tanks are the first alternatives to temporally store surface water minimizing evaporation and percolation losses compared to other structures. Apart from this since aquatic animals and mosquitoes can be controlled a greater emphasis needs to be given to the use of tanks. Also, the rate of sediment discharge into the tank can be reduced by diverting the concentrated runoff using spreading ditch at the gully bottoms and allowing gentle over land flow to wards the tank. Tanks are placed so as to reduce risk of flood damage and siltation; ideally they collect only gentle overland flows or slower moving channel flows both of which are free of silt. Even after all this technical strategies, if the storage tank silts up it would not be expensive to remove the sediment compared to other structures. Even the best sited tanks do in time silt up, but because they are shallow it is not too difficult to clear them out at the end of the dry season (Barrow, 1993).
(ii)
Series of check dams

Intervention can be made with a series of cheek dams, associated with shallow excavated tanks so that it can catch creeping flow. This has successfully worked in Ethiopia (Heathcote 1983), and a quick return was obtained from hand dug shallow wells after artificial recharge took place.

Technically, if sediment laden flood is allowed to fill up check structures with a given proportion of its height constructed from impervious material  (usually 1-2m high) and the remaining proportion pervious for removal of fine sediments, pure water can be exploited from underneath. When the check is full, a permeable gabion can be re-built on top of it. This encourages free passage of fine sediment form recurring floods and retains boulders and coarse gravel. The water from such dams is clean and the structure has a key role in preventing malaria since mosquitoes do not get water on the surface. 

(iii)
Sand and/or gravel filled dams

Where the ephemeral flows carry much detritus it may make sense to allow a reservoir to silt up, indeed it may be difficult to avoid such occurrence but, it can retain 25-30 % of un-silted reservoir. In addition, sand and gravel filled dams (cisterns) can with stand flash floods and supply clean water for domestic and small-scale irrigation. Such harvesting structures are widely used in Mexico and in Arabic countries. 

Conclusion

Both the traditional diversion practices and project-assisted diversions are not sustainable in the study area. As a result, large cropping fields are abandoned due to shortage of flood water and formation big gullies. The study area needs an in depth study and big investment to utilize the available flood from ephemeral or seasonal stream flows.

Storage tanks seem easily adaptable due to the existing indigenous practices, which can enable us to overcome people’s skepticism of the effectiveness of soil and water conservation. A series of check dams in association with small ponds can also be cheaper but reliability for how long they can provide water needs further study. If it is ensured that only coarser sediment, not fine silts, accumulate so that there is adequate interstitial space for water storage. In such cases, the use of sand filled dams enables to confine and provide water even during droughts, provides good quality water and enriches the ground water, which can be simply tapped by shallow wells. However, the impacts of altering the existing land use should be studied in detail. 

Finally, before construction of any of the structures it is important that the amount of flood within a given water shed, sedimentation processes in the water ways and the socio-economic and socio-cultural aspects in the area should be studied. Irrigation development requires basic investment for irrigation structures that enables long-term development (Admasu, 1996). Pastoralists/agro-pastoralists living in the floodplains could not be encouraged to consider crop production as alternative under the existing water harvesting practices unless well designed diversion structures appropriate to the area are invested.
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