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Abstract

:

Small-scale irrigation (SSI) development can play a major role in Ethiopia’s economic development, but sedimentation is a major threat to its sustainability. The focus of the dominant discourse around the sedimentation of SSI schemes lies in upstream catchment protection during the rainy season, neglecting both protection against erosion through overland flow along the margins of the canal network and sedimentation caused by livestock disturbances. Remedies against the latter causes of sedimentation during the irrigation season have been ineffective due to erroneous assumptions regarding its cause. This study aimed to identify the sources and extent of sedimentation in SSI schemes. The accumulated sediment in the canal pre-irrigation season was measured from four SSI schemes and suspended sediment samples during irrigation season were collected from one SSI scheme. The accumulated sediment in the canal pre-irrigation season was measured from four SSI and suspended sediment samples during irrigation season were collected from one SSI scheme. The extent of sedimentation in the canals during the pre-irrigation season in relation to canal capacity was 100% of lined and unlined canals in abandoned, 68% in a lined, and 84% unlined canals in heavily sedimented and 38% in a lined and 46% of unlined canals lightly sedimented schemes. Livestock interactions with the SSI schemes were found to be the major sediment source before and during the irrigation, hence, attention should be given to integrating livestock as a part of the system.






Keywords:


small-scale irrigation scheme; sedimentation; livestock access; sediment cause












1. Introduction


Irrigation development plays a major role in Ethiopia’s economic development program [1]. Investments in irrigation infrastructure and the maintenance of irrigation schemes are key to improve agricultural productivity and fast-track economic growth for practical poverty reduction [2]. Irrigation schemes in Ethiopia are classified based on the size of their command area into three types [1], namely, small-scale (<200 hectares), medium-scale (200–3000 hectares), and large-scale irrigation systems (>3000 hectares). Small-scale irrigation plans have been identified as vital to ensure the food security of the nation because of their simplicity to develop and operate, relatively small investment, and cheap operation and maintenance [3]. Despite huge ambitions, 80% of the proposed irrigation development in Ethiopia falls within the small-scale irrigation category.



In Ethiopia, most irrigation schemes do not operate at full capacity and many of the schemes fail to serve the purpose for which they are intended [3,4,5]. In Oromia Regional State alone, 109 (18%) of the modern irrigation schemes and 8508 (13%) of the pumped irrigation schemes were reported to be inoperative or semi-functional in 2017 [6]. In the Tigray region, most of the reservoirs that feed the small-scale irrigation schemes are filled with sediment within less than 50% of their intended service time [7].



Improvement of this low performance is high on the policy agenda and the prime motivation of the government to keep investing in the sector. The causes of underperformance and abandonment of the schemes are often diverse and complex; one of the major constraints is excessive sedimentation in the headworks and canal network and a lack of available funds and skilled manpower for operation and maintenance [4,8]. In a developing country like Ethiopia, rapid population growth, deforestation, uncontrolled land use, and overgrazing have resulted in accelerated soil erosion [9]. Soil erosion and soil loss are major challenges for sustainable irrigated agricultural development.



Excessive sedimentation in irrigation schemes can cause clogging of the intake, filling the headworks and canals, and jamming of the sluice gates, which in turn causes inequity and inadequacy in water supply [5,10,11]. The management of sedimentation in irrigation schemes requires a considerable budget and manpower to keep up the canals. However, problems related to the accessibility of funds or labour often cause a considerable delay in maintenance, and may ultimately lead to the abandoning of the schemes [10]. Therefore, the planned food security improvement may be under threat unless relevant preventive measures are put in place.



Most of the existing studies point to the soil erosion in the upper and middle river catchment as a prime cause of sedimentation, whereby high sediment loads pass through the intake structure of irrigation schemes and accumulate in the (unlined) canal network, thus resulting in excessive sedimentation [12,13,14,15]. Other studies have documented that the causes of sedimentation vary according to different stakeholders’ perceptions [6]; some ascribe sedimentation to design problems, most engineers identify soil erosion in the upstream river catchment and a lack of appropriate technology and materials as prime causes, and farmers see poor operation and maintenance as a major cause.



Some scholars argue that cattle accessing streams, grazing, and trampling of stream banks cause an increase in soil erosion, destruction of in-stream banks, and changes to stream morphology [16,17,18]. Overgrazing puts serious pressure on the natural environment. It is a known desertification driver [17,19,20], showing that the livestock sector has a negative impact on water depletion and pollution from grazing and feed crop production. The powerful locomotive efforts of cattle, including the incisional and erosive forces of cattle hooves, coupled with overgrazing can result in a reduction in stream bank stability [21] and increase suspended sediment and turbidity [22] that leads to the contribution of local levels of in-stream deposited sediment [23]. Even though some studies point to livestock accessing the grazing land on the canal bank as potential sediment sources, most literature focuses on the sedimentation caused during the rainy season. In Ethiopia, the sediment management strategy established in irrigation schemes is ineffective because it considers only the sediment source during the rainy season. It focuses on watershed management as a solution, but sedimentation during the rainy season is not the only cause. Identification of the main cause of sedimentation year-round is the first step in determining effective solutions. Therefore, this study aims to identify the causes and extent of sedimentation in four small-scale irrigation schemes. It is argued that livestock–irrigation interactions are the main sediment source before and during the irrigation season.



The paper consists of seven sections; the next section introduces different discourses of sediment causes. Section 3 introduces the key features of the study areas. Section 4 describes the study methods. Section 5 presents the results of the extent and origin of sedimentation in the four study schemes while delving deeper into the dynamics of sedimentation during one whole irrigation season in one case study scheme. Section 6 assesses the importance of different causes for sedimentation, identifying livestock interactions as the key in-season cause, and delving deeper into the drivers behind livestock–irrigation interactions. The last section presents the overall conclusion and some policy recommendations for tackling sedimentation during the irrigation season.




2. Discourses on the Causes of Sedimentation in SSI Schemes


There are two dominant discourses on the causes of sedimentation in small-scale irrigation schemes: soil erosion in the upstream watershed (the neo-Malthusian discourse) and improper design of small-scale irrigation (the faulty design discourse).



Many authors identify the upstream catchment soil erosion and the high rates of soil erosion and land degradation in Ethiopia as major drivers of sedimentation in irrigation systems. An estimated 25% of the highland area is affected by large volumes of soil eroded annually. Soil erosion and soil loss are major challenges for sustainable agricultural development in the Ethiopian highlands. Inappropriate agricultural practices, high population pressure from humans and livestock, high rainfall intensity, and rugged topography have been reported as the main facilitators of severe soil erosion and sedimentation [8]. Soil erosion in the upper and middle catchment is the main source of sedimentation during the rainy season [13]. The sediment-laden river water that comes from the upstream eroded catchment is seen in this discourse as the main sediment source clogging irrigation systems [12]. Deforestation also contributes to upstream soil erosion, and watershed management is seen as a fundamental step to reduce sedimentation [7].



The second discourse around causes of sediment problems in irrigation highlights the poor design of small-scale irrigation schemes without considering adequate baseline data [13,24]; faulty design and location of the intake; mild longitudinal slopes; poor layout of the main canal; and poor operation and maintenance [6]. One of the causes of sedimentation is the soil erosion of the unlined canals due to the erosive potential of the irrigation water flowing through thecanal [12]. This discourse implies that proper design of the infrastructure and better operation and maintenance is needed to reduce the sedimentation.



The two dominant discourses are propagated by different professional groups, namely policymakers and engineers. Considering the ineffectiveness of the proposed sediment management solutions and the vital role of the mitigation measures, a deeper understanding of the extent and causes of the sedimentation is warranted. Therefore, we researched four small-scale irrigation schemes in different settings and with variables rates of sedimentation. Based on this deeper understanding, we will propose a third discourse that accords a prime role to livestock–SSI interactions, thus allowing us to recommend more effective measures to control and mitigate the problem of sedimentation in SSI schemes in our concluding section.




3. Description of the Study Areas


3.1. Selection of Case Study Schemes


This study was conducted in the south-west Shoa zone of Oromia, Waliso, and Ameya districts, which are located between 110–158 km from the capital city of Ethiopia, Addis Ababa, along the main road to Jimma. Four small-scale irrigation schemes were purposively selected (Figure 1) based on three sets of criteria. Firstly, all schemes had to meet the criteria of proximity and accessibility. Secondly, a variety in the degree of sedimentation varying from light to heavy sediment loads was required, whereby the Boye 1 and 2 merged scheme represents the lightly sedimented category and the Ejersa small-scale irrigation scheme represents the heavily sedimented category. Thirdly, this study probed what happens when a scheme is abandoned due to sedimentation, including both an abandoned scheme (Meri-Megari) and a new scheme that was started in response to abandonment (Kulit) in the same location. Hence, four schemes were selected, of which three are functional schemes and one is a non-functional scheme.




3.2. Background Information of Each Study Scheme


In Ethiopia, small-scale irrigation schemes are divided into different categories based on the establishment, management, and nature of the structure. Traditional irrigation schemes usually use temporary diversion arrangements or barriers made from local material which need annual maintenance. The canals are usually earthen, and the schemes are managed by the community. Modern schemes are irrigation systems with more permanent diversion weirs made from concrete that do not require annual re-construction. They are mostly community-managed, and the primary and secondary channels are made of concrete. Modernized schemes are traditional schemes that were upgraded after some time with more permanent diversion and concrete canals [25].



The Ejersa small-scale irrigation scheme was modernized with the support of the government but is now a heavily sedimented scheme that serves two kebeles (the lowest administrative unit in the country), Dembeleketa and Bedesa Koricha. It is located 114 km from Addis Ababa along the highway to Jimma at an average elevation of 2120 m above mean sea level, covering 96 hectares of command area, providing water for 120 households (Table 1).



Boye 1 and 2 began operation as two separate traditional small-scale irrigation schemes and were later merged and modernized by the government without the irrigation users’ consent. The modernization entailed improvements to the new main intake and the lining of the main canal. This scheme was selected as representative of lightly sedimented schemes. It is located 110 km from Addis Ababa, at an average elevation of 2123 m above mean sea level. The present scheme comprises two parts: Boye 1, providing water to 56 households, and Boye 2, providing water to 65 households, irrigating a total command area of 56 hectares.



Meri-Megari was a modern small-scale irrigation scheme that is now non-functional (abandoned). The main causes of its abandonment are sedimentation and excessive seepage loss along the canal. It is located at 158 km from Addis Ababa, at an average elevation of 1902 m above mean sea level. Before abandonment, it comprised 200 hectares of command area, providing water for 234 households.



The Kulit traditional small-scale irrigation scheme was selected as a scheme that was initiated and constructed by some of the same farmers who were previously using the Meri-Megari modern scheme until its abandonment. A traditional weir in Kulit was constructed at 5.3 km downstream from the Meri-Megari abandoned scheme weir. It is located 151 km from Addis Ababa, at an average elevation of 1834 m above mean sea level, and comprising 17 hectares of command area, providing water for 29 households.




3.3. Climate and Weather Condition of the Study Areas


All selected schemes are situated in the Woyna-Dega (mid-highland) agro-ecological zone. Its rainfall pattern is of the unimodal type in which one main rainy season occurs during summer, which lasts from June to August. The mean annual rainfall of the area ranges from 1208 to 1270 mm [26,27]. The average temperature of the study area undulates between 26.7 in summer and 10.3 °C in winter.





4. Materials and Methods


4.1. Methods of Data Collection


As a general methodological approach, we used a “follow the water” approach to identify and map the water users and their networks, to map all relevant infrastructure and institutions, along with a “follow the livestock” approach to assess the uses of livestock, the grazing areas around the schemes, track livestock owners, and analyze the problem of the livestock–irrigation interaction. We selected the participants for a qualitative interview using a purposive and snowball sampling technique to identify the key informants from the head, middle, and tail-end users who represent the range of variation expected in the water user population. The fieldwork was conducted during two periods: from June to October 2018 and from September 2019 to February 2020. We conducted open-ended and semi-structured in-depth interviews with older farmers, Water User Association (WUA) committee members, irrigation users, livestock farmers (LF), selected professionals, and relevant government officials. The number of interviewees was expanded until the collected information reached a certain saturation level, when no new insights could be collected beyond those that had already been expressed [28,29]. Field observations provided first-hand information on the irrigation schemes’ operation and maintenance practices and the schemes’ interaction with the livestock and the livestock farmers. We gathered secondary data from the district and a regional office that have had a stake in the respective schemes, and we conducted nine focus group discussions on the topic with six to eight participants in each session.



We interviewed 75 persons in total: 18 women and 45 men farmers spread across the head, tail, and middle-reaches of the four schemes, including WUA and LFA committee members. Twelve officials also interviewed, of which five were irrigation development agents (DA); one was a former DA from Waliso woreda, two were active DAs from Waliso woreda, and two were DAs from Ameya woreda. Four government officials were also interviewed—one from Oromia irrigation development agency in Addis Ababa, one from Waliso woreda, one from the Ameya woreda office, and one from the south-west Shoa province. Finally, three engineers were interviewed—one from Oromia irrigation development agency in Addis Ababa and two from the south-west Shoa province. The age of the respondents ranged from 14 to 79 years.




4.2. Accumulated Sediment and Sediment Inflow Data Collection


The accumulated sediment in the canals before the beginning of the irrigation season was measured in the Boye 1 and 2 and Ejersa schemes for one season by using a staff rod with a flat sheet at the bottom of the rod to measure the depth of accumulated sediment and depth of both lined and unlined canals. The bottom flat sheet helped to prevent the staff rod from penetrating the surface of the unlined canal. Since the deposited sediment in the canal were non-uniformly distributed, we measured the accumulated depth in three places (left, right, and middle of the canal) in all data collection points and we took the average value. The canal profile was established by using a measuring tape to determine the width and length of the canal. The volume of the accumulated sediment is then calculated by applying the volume equation:


       V  R c   =  L    ×  W    ×  D  a c c    



(1)








	
VRC = volume of accumulated sediment in rectangular canal (m3)



	
L = length of the canal that covered my accumulated sediment (m)



	
W = width of the canal (m)



	
Dacc = accumulated sediment depth (m)








For unlined trapezoidal canals:


   V  T c   = L ×   B + z  D  a c c      D  a c c    



(2)








	
V = volume of accumulated sediment in trapezoidal canal (m3)



	
L = length of the canal that covered my accumulated sediment (m)



	
B = bottom width of the trapezoidal canal (m)



	
D = accumulated sediment depth (m)



	
z = side slope of trapezoidal canal








To calculate the volume of canal capacity:


   V  c c   =  L    ×    W    ×  D c   



(3)








	
Vcc = volume of canal capacity (m3)



	
L = canal length (m)



	
W = canal width (m)



	
Dc = canal depth (m)









      P e r c e n t a g e   o f   a c c u m u l a t e d   s e d i m e n t             =   T h e   v o l u m e   o f   a c c u m u l a t e d   s e d i m e n t   i n   t h e   c a n a l   C a n a l   c a p a c i t y   i n   v o l u m e     × 100      



(4)






4.3. Sediment Inflow Measurements


Sediment inflow was measured in the Ejersa scheme during one irrigation season from September 2019 to February 2020. These measurements considered the changes in discharge because of inflow in or outflow from the canal, operation of the control structure, changes in canal geometry along its length, changes in roughness when there is a different surface material of the canal, and changes in bed level. Eight data collection points were marked within the 1.85 km length of the main canal from the intake. All required data (water flow, cross-section, sediment concentration sample, top and bottom bed level, water depth) were measured at each section once a week. Inflow sediment was measured at the eight marked points by using a DH-48 depth-integrating sampler. Depth integrated suspended sediment sampling is carried out at one vertical point most closely representing the centroid of flow for that canal width. We took three samples from each station at a time. All samples were composited into a single container which was then agitated, sub-sampled, and analyzed for suspended sediment concentration [30], and velocity was measured by using a digital current meter. The canal cross-section and water depth were established using a measuring tape. To determine suspended sediment concentration, we used pre-weighed glass fiber filters (Whatman GF/C). After filtration of a certain volume, the filters are dried and weighed to obtain the suspended sediment concentration.





5. Results and Discussion: Extent and Origins of Sedimentation in the Study Schemes


Below we first present data pertaining to the extent that the four study schemes have been affected by sedimentation (5.1), then we identify the origin of this sediment (5.2), describe the livestock–irrigation scheme interaction as a sediment source (5.3), and finally we describe the suspended sediment inflow for the Ejersa irrigation scheme during the 2019–2020 irrigation season (5.4).



5.1. The Extent of Sedimentation in All Four Schemes


In the abandoned Meri-Megari scheme, the construction took place between 2001/2002 and 2005/2006, initially with the full potential of irrigating 200 hectares. In the first 5 years, it went from irrigating 200 hectares to a significantly reduced area of 40 ha. It was abandoned in 2016, having served only half of its designed lifetime of 20 years. The main reasons for its abandonment were sediment deposition at the intake and canal networks, and the high levels of seepage loss. In 2019, we observed and learned that the entire canal capacity had been 100% filled with accumulated sediment. The irrigation water reached the command area after flowing over 9 kilometers through a mostly earthen canal (only 0.5 km is lined). It proved impossible for the scheme’s beneficiaries to remove the accumulated sediments from the 9 kilometer-long canals each year. Another complicating factor was formed by the submerged pipe close to the river intake of the scheme. This pipe was prone to blockage by accumulated sediments and proved impossible to clean.



The Ejersa scheme comes in the second position regarding its vulnerability to sedimentation. It suffers from a heavy sediment load. However, the Ejersa scheme users are well organized, with a strong water user committee capable of keeping the scheme functional. While the scheme is irrigating its full command area, the amount of labor that is required to clean the canals each season is considerable. About 68% of the lined canals and 84% of the unlined canals were found filled with sedimentation in 2019 before the start of the irrigation season (Figure 2). The farmers removed the accumulated sediment before the beginning of the irrigation season in September. Moreover, the farmers clean the scheme every month to keep it operating at full potential. The accumulated sediment load in the canal network was observed to be heavier at the furthest point from the intake, showing a tendency for suspended sediments to settle as current flow velocity dwindles.



The Kulit traditional scheme was constructed on the same river as the abandoned Meri-Megari scheme. The sediment inflow in the canal is such that the irrigation beneficiaries have to clean the canal network at least three times a year. The canal cleaning for the first irrigation season of each year consumes up to a month of labor. Any subsequent cleaning for the other two seasons takes up to 12 days. Some farmers use only two irrigation seasons a year by extending the time that the plant stays on the field, and some of the farmers use three irrigation seasons—two seasons to plant different crops and one season to transplant seeds from 45–60 days for the next season. The advantage of this scheme is that during summer when the diversion of the scheme gets washed away, the accumulated sediment inside the weir is removed without entering the scheme’s canal network. However, the subsequent re-construction of the intake weir at the end of the rainy season is not easy nor cheap for the farmers. The re-construction and sediment removal process at the start of the next irrigation season takes a month with almost all 29 members participating.



The merged Boye 1 and 2 schemes were selected as a case study of a lightly sedimented irrigation venture, wherein the sediment inflow through the intake was insignificant during the irrigation season. However, the sediment accumulated still represented 38% of the volume of the lined main canal and 46% of the unlined canal network before the start of the first irrigation season in 2019 (Figure 2). Furthermore, the farmers clean the canal length three times a year to remove the sediment that accumulates in the canal network during the irrigation season.




5.2. Sources of Sediment in All Study Schemes


In all study schemes, we assessed the sources of sedimentation. We measured the accumulated sediments at the start of the irrigation season due to soil erosion from the upper river catchment, the overland flow contribution during the rainy season, removed sediment backflow from either side of the canal due to livestock interaction during the irrigation season, livestock grazing over the canal bank and drinking water from the canal during irrigation season, and finally, the livestock farmers’ contribution through trespassing inside and outside the scheme.



5.2.1. The Overland Flow of Agricultural Land


Overland flow contribution on agricultural land during the rainy season and soil erosion in the upper catchment at the beginning of the irrigation season was found to be the major sediment source of the small-scale irrigation schemes [13]. Overland flow in agricultural areas, particularly land that is susceptible to soil erosion due to livestock trampling during the rainy season, potentially contributes to sediment accumulation. Furthermore, overland flow is one of the causes of the backflow of sediment from the sides of the irrigation canals where removed sediment is deposited on the canal banks.




5.2.2. Soil Erosion in the Upper Catchment


Upstream soil erosion is another sediment source caused by sediment-laden water from the upper catchment entering the canal system through the intake structure at the beginning of the irrigation season [12]. To reduce sediment entering through the intake gate, irrigators delay the canal opening by 2–3 weeks, delaying the growing season [6] (p. 9).



While these results confirm the existence of the sources of sedimentation that are frequently highlighted in both the neo-Malthusian and technical discourses (as described in Section 2), in the next section we will highlight the importance of an often-overlooked third cause: livestock.





5.3. Livestock–Irrigation Scheme Interaction as a Major Sediment Contributor during the Irrigation Season


Before and during the irrigation seasons, livestock grazing and movements in and out of the schemes contribute to sediment in all four irrigation schemes. Livestock production is the second most important economic activity in the area and a key means of livelihood for many. The type and number of livestock holdings of the respondents vary across the study areas from 0 to 33 heads per household and over 70% of the livestock are cattle.



The land that was used to construct the irrigation scheme and the remaining grazing land was owned by livestock farmers (LFs). During the upgrading of the Ejersa and Boye 1 and 2 schemes, there were two agreements: one with the irrigators regarding the land that was going to be used for canal construction with adequate compensation for the land, and a second agreement with government officials regarding measures in the scheme to facilitate the use for livestock and livestock farmers (LFs). The government agreed to construct cattle troughs along the canal and a bridge to help the livestock and livestock farmers in exchange for their consent to the construction. The agreed measures implicitly indicate that the livestock was expected to drink from the canal. However, the government representative office did not honor the agreement and the cattle troughs and the bridge were not constructed. On top of that, during the scheme modernization, the canal route changed its original path, and the canal depth was shallower than in the traditional scheme. Consequently, the water overtops the canal and creates a water stagnation on the grazing land. The livestock farmers were disappointed because promises were not kept. However, the government officials who were in favor of the scheme construction ignored the livestock farmers’ objections. In turn, the livestock farmers felt threatened by the government officials who favored irrigation over livestock farming and they felt they were losing their property rights over the water resource.



In the absence of troughs, livestock struggle to drink from the canal when the water level is low. The livestock farmers see the absence of cattle troughs as a denial of water rights for their livestock, and they still have a lingering feeling that the land they have already given for the irrigation scheme belongs to them. Excluding the livestock from the irrigation scheme is extremely difficult because the grazing lands are located along the irrigation canal. The scheme neither has a clear boundary that forbids the livestock farmers to keep their livestock away from the scheme nor a fence that prevents livestock interaction with the irrigated land.



In all study areas, grazing land is located along the irrigation canals, mostly on the riverbed side. Irrigation water flows a long distance to reach the command area and along the trajectory of the canals—in some cases, on both sides of the canal—grazing areas are located, accommodating hundreds of livestock. In most parts of the country in peri-urban areas, drinking water for livestock was never considered in urban planning. Consequently, livestock is forced to drink canal water or water from the river [31]. In all the studied irrigation schemes, there are no cattle troughs along the canal for the livestock to drink in a safe, non-disturbing way and no water supply sources in case the river is low. The absence of the troughs gives the livestock access to everywhere along the canal length and as a result, they push the sediment into the canal and destroy the canal bank (Figure 3b). Uncontrolled access to the grazing land on the canal bank and cattle trampling all around the scheme make the land more vulnerable to soil erosion and leads to an increase in sedimentation [16]. The lack of dedicated safe access points for cattle aggravates vulnerability of soil erosion [18,32,33]. By frequently crossing the irrigation canals (Figure 3a), cattle push deposited sediment into the canal, damage the canal banks, and cause bank erosion that leads to sedimentation in the canal [34].



A common practice among the livestock farmers is to put local material in the canal to block and raise the water level for the livestock to drink safely. The herders who construct the blockage never remove the material once the cattle have had their fill, thus disturbing irrigation water supply and, perhaps more importantly, creating local hubs for sediments to accumulate (Figure 4a,b).



Livestock are owned by three different groups of farmers: (1) livestock farmers who are irrigators in several irrigation schemes, (2) livestock farmers who use the same irrigation scheme, and (3) trespassing livestock farmers who do not have land inside the irrigation schemes but whose rainfed farmland is located along the grazing land. Even though some of the livestock farmers are users of the small-scale irrigation scheme, emerging conflicts over damage caused by livestock are difficult to solve. Livestock farmers belong to different owner groups with different needs and different levels of attachment to irrigated land. Moreover, irrigators and livestock farmers are represented by two different institutions: the Irrigation Water User Association (WUA) and Livestock Farmers Association (LFA), both working for the benefit of their members without considering the damage that they cause to each other. Lastly, boundary issues between the grazing land and the irrigation scheme territory are unsettled. Without a defined boundary between these two communal resources, it remains challenging for the institutions to solve problems by themselves.



Livestock owners who gave up land for the construction of the scheme, but do not have land inside the irrigation scheme, feel short-changed. They contributed to the scheme but are excluded from the benefits created by the irrigation scheme. They expressed their reluctance of caring for the schemes, and they are not bothered by their contribution to scheme sedimentation or canal bank destruction by livestock. They do not feel ownership of the scheme. Instead, they prefer to freely graze their livestock in all grazing areas. Furthermore, they believe they have nothing to lose if the scheme is damaged. On the contrary, when the system breaks down, they gain access to the entire grazing land and thus they seek to reduce the risk of the livestock getting hurt trying to drink from the canal. In fact, they admitted that they tried to damage the intake gate. They did not succeed so far, but indicated that they would continue trying to destroy it without being directly responsible to avoid the consequences of destruction of government property (LF focus group discussion in Ejersa, Waliso, November 2019.)



A livestock farmer who also used the same irrigation schemes (Boye and Ejersa) stated in an interview that they preferred not to speak about the problem, as they believed that the problem is complicated for them to solve unless government officials get involved. One of them believed that both parties, livestock farmers and the irrigators, were right because for both groups it was a question of survival. Neither livestock nor crops can survive without water and it is just a conflict of interest that may not be solved easily. Since no solution was in sight, as a livestock owner and irrigation user, they neither opposed the consequences of livestock–irrigation interaction nor did they support the irrigators’ effort to limit the interaction. They acquiesced in letting their cattle at the canal bank graze and drink the water, even though they were aware that cattle contribute to sedimentation and canal bank damage. They were willing to contribute the money and labor like other irrigators to maintain the scheme and let their livestock graze as any LF does (LFs interview, Waliso, November 2019).



Both irrigators and livestock farmers have an association that was formed under the acknowledgment of the district office. These two associations have not agreed on any form of cooperation regarding communal resource use. The WUA admits that the LFs are the owners of the grazing land and thus they have decision power over the use of grazing land that includes the verge of irrigation scheme canal bank. However, the irrigators believe that they should at least decide about the irrigation scheme usage, water supply, and any harm that may affect the scheme. Yet, they are not in a position to do so due to the livestock drinking water from canals, which has a negative impact on the irrigation water supply and distribution. The WUA feels it has no means of controlling the situation.



Livestock farmers who do not benefit from the irrigation scheme emphasized that it has been their grazing land: the irrigators are the ones who appropriated the grazing land and created problems for the livestock and livestock farmers. If the scheme had not been constructed, their livestock would have had safe access to drinking water. The existence of clearly defined boundaries of resource systems is often mentioned as a crucial factor for sustainable governance of local commons [35]. Yet none of the small-scale irrigation schemes in our study have rules and regulations that can be applied to all scheme users, irrigators, livestock farmers, and trespassers. The Ejersa and Boye 1 and 2 LFs demanded that their presence be acknowledged for them to be able to cooperate with irrigators and contribute to the scheme’s sustainability. This can be achieved by constructing a cattle-trough and a bridge. Meri-Megari LFs are using the irrigation canal as a grazing area since it is abandoned and filled with grass. The Kulit scheme is a traditional scheme and they have not yet approached the government office to upgrade the system, and the cattle drink the water without cattle troughs and sometimes by walking in the canal.



Because of the conflict of interest and the boundary issue of the communal resource, the Water User Association (WUA) and Livestock Farmers Association (LFA) were unable to solve their differences. Government officials claim they were unable to help since there is no assigned specific body in the district office that deals with the issue related to boundaries. As a result, damage caused by the livestock interactions with irrigation schemes continued. Nevertheless, since both associations (WUA and LFA) fall under the district irrigation development office, it is formally responsible to smoothen the relationship between the two groups to reduce the damage. Both the WUA and LFA had been raising their complaints, yet the LFA still believed they were not important enough to warrant the district officers’ attention. This neglect slighted them and hardened their unwillingness to co-operate with irrigators.



Complicating matters further are the frequent changes in government policy and district office structure. The mandate of those responsible for small-scale irrigation changes, while the officers who have experience in the specific place are frequently assigned to different locations. As a result, the district offices are facing a lack of skilled and experienced manpower.



Gaining the trust from irrigators as well as livestock farmers takes a long time. The few officers who did win those farmers’ trust often got re-assigned, thus exacerbating the communication problem between the farmers and the district office. Moreover, understaffing, missing documents due to the frequent change of the officers, shortage of skilled manpower, a lack of coordination, and a low level of participation and consultation with the schemes make the problem more challenging to handle for the district office.




5.4. Quantity of Sediment Deposition in Ejersa Scheme during the Irrigation Season


The Ejersa scheme is one of the schemes that faces a challenge of sedimentation caused by strong livestock disturbance due to livestock grazing along the canal bank. It causes a significant sediment deposition in the canal during the irrigation season. In this scheme, 60 households use the grazing land along the main canal. On average, a household has about 11.93 livestock with a standard deviation of 7.4 [26] per household involving mostly cattle. On average, over 600 heads of livestock graze along the canal banks every day. They cross the canals frequently, pushing the sediment into the canal (Figure 3a).



Furthermore, lacking cattle troughs along the irrigation canal, the canal is the only means of drinking water supply for the livestock when the river is low (Figure 3b). The livestock farmers put blocking barriers consisting of local material inside the canal to raise the water level for the livestock to drink safely. The cattle farmers raise the water level to 163% by adding those materials (Figure 4a,b).



The sediment inflow to the Ejersa irrigation scheme was measured weekly at eight points along the 1.85 km of lined main intake canal. The sediment inflow level varies from one data collection point to another. Figure 5 shows a variation in sediment concentration across the data collection stations; the maximum and minimum sediment concentrations were found in different stations due to livestock disturbances. The minimum sediment inflow per cubic meter per second was observed in the fourth station for the first 4 weeks followed by station two from week four to week eight, and from week 8–16, the minimum sediment inflow was observed at the first station or the intake.



However, the maximum sediment inflow per cubic meter per second was observed at the seventh station for the first 6 weeks, followed by station six for the first 4 weeks. Higher sediment inflow was measured at the point downstream of the livestock grazing and drinking point during the disturbance compared with the upstream of the access point [34]. The livestock disturbance was primarily observed at a certain distance from the intake. In some cases, the disturbance occurred at the weir of the scheme: the livestock re-suspend the deposited sediment while drinking the water or crossing the grazing area through the weir. Other times, swimming kids at the weir intake re-suspend the sediment and then relatively higher concentrations are found at the intake than other consecutive data collection points.



The trend of Figure 6 shows that during the irrigation season, the sediment inflow rate per cubic meter increases from the intake to the furthest point and the sediment concentration spike was found at the place where there was a disturbance. Moreover, the inconsistencies in peaks demonstrate that rather than sediments originating from upstream catchment erosion, disturbances caused by livestock and swimming kids explain the values at any point along the canal during the irrigation season. Moreover, it also shows a reduction in sediment concentration over time. The possible reasons might be that the quantity of water that arrives at the Ejersa scheme reduces significantly since the Ejersa scheme is the fifth scheme that has been constructed on the same river, and as a result, the sediment concentration that is carried by the water would be less. Discharge and sediment concentration show a direct correlation. The other possible reason is that the kids who swim at the intake and re-suspend the sediment at some point stop swimming because the water level at the intake is too low to swim in. As a result, the disturbance would be less and thus sediment concentration in the canal is reduced.





6. Conclusions and Recommendations


Since the discourse around sedimentation of SSI schemes is based on erroneous assumptions regarding its cause, it is unsurprising that the remedies that have been tried in the past proved ineffective. The focus of the dominant discourse is on upstream catchment protection, neglecting both protection against soil erosion through overland flow along the margins of the canal network and sedimentation caused by livestock drinking from the canals and through disturbances caused by livestock grazing and trespassing. Hence, remedies that have been advocated in the past, such as the design and construction of silt traps at the start of the main canal and conservation measures in the upstream river catchment, will not be sufficient to deal with ongoing sedimentation during the irrigation season.



One of the issues that the schemes are facing as a livestock-scheme interaction is a boundary issue between the grazing area and the SSI’s margin of the canal network. It is a complicated matter, especially since there is no specific government body at the small-scale irrigation level that can solve the boundary-related problems. Lacking an easy solution, the problem of sedimentation and damage of SSI infrastructure caused by livestock interaction during the irrigation season has been sustained.



Livestock–irrigation interaction contributes to sedimentation and canal bank damage. It also affects the water supply since the livestock are considerable water consumers, while upstream users also withdraw water for domestic use.



To promote sustainable management of small-scale irrigation infrastructure and improve irrigation water supply, the government has a rule that a water committee must be established before the construction of water infrastructure. However, so far, this involves irrigators only. It is suggested that involving livestock farmers in the water user committee or creating WUA committees that comprise at least two sub-committees, livestock farmers and irrigators from the beginning of the scheme design and construction, might help to resolve some of the conflicts related to the livestock–irrigation conundrum. Being represented would give livestock farmers a sense of ownership and involvement that might commit them to resolving the negative impact of livestock–irrigation interactions. Joint rule-making by irrigators and livestock owners concerning the use of grazing land, use of canals for drinking, and movements of livestock across canal infrastructure may help to mitigate the sedimentation as a result of livestock interactions.



Boundary policy efforts that seek to integrate both livestock and irrigation farming systems will be necessary to achieve improvements. This calls for a new institutional approach on the part of government agencies, abolishing established “silo” structures to facilitate the integration of livestock and irrigated production. Improving the sediment management strategy can make an important contribution to increasing overall agricultural water productivity and improve the performances of SSI schemes, which are believed to be essential to sustainably meeting future human food security needs and reducing poverty.
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Figure 1. (A) Location of the study area with the four case study irrigation schemes. (B) Ejersa small-scale irrigation scheme. (C) Boye 1 and 2 merged small-scale irrigation schemes. (D) Meri-Megari scheme and Kulit traditional small-scale irrigation scheme. (Source: Hanan Tadele, own material.) 
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Figure 2. Percentage of accumulated sediment in the canal at the start of the irrigation season in three schemes. (Source: own measurements, 2019.) (Page: 11 The accumulated sediment in Meri-Megari scheme was observed after 3 years of abandonment. For the Kulit scheme, we could not measure the accumulated sediment before irrigation season because of the challenges in road access (muddy roads) after the rainy season.) 
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Figure 3. (a) Cattle grazing and crossing the canal. (b) Cattle drinking from the canal. (Source: Ejersa scheme pictures by Hanan Tadele, 2019.) 
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Figure 4. (a,b). Canals blocked by local material in Ejersa scheme. (Source: pictures by Hanan Tadele, 2019.). 
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Figure 5. Sediment inflow per 2 weeks at data collection points (from intake (data collection point 1) to most downstream along the main canal (point 8)). 
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Figure 6. Sediment inflow trend lines per 2 weeks at data collection points (from intake (point 1) to most downstream along the main canal (point 8)). 
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Table 1. Background information on the selected small-scale irrigation schemes.
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	S. No
	Irrigation Schemes
	Location
	Type of Scheme
	Command Area Hectare (ha)
	No. of Beneficiaries
	Year of First Operation
	Mean Annual Rainfall (mm)
	Water Sources
	Irrigation Methods
	State of the Scheme





	1
	Boye 1 & 2 merged scheme
	Waliso Woreda
	Upgraded
	56
	121
	2013
	1208
	Boye River
	Furrow Irrigation
	Lightly sedimented



	2
	Ejersa scheme
	Waliso Woreda
	Upgraded
	96
	120
	2013
	1200
	Ejersa River
	Furrow Irrigation
	Heavily sedimented



	3
	Kulit scheme
	Ameya Woreda
	Traditional
	17
	29
	2019
	1270
	Kulit River
	Furrow Irrigation
	Lightly sedimented



	4
	Meri-Megari
	Ameya Woreda
	Modern
	200
	234
	2000
	1270
	Kulit River
	
	Abandoned since 2016
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