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EXECUTIVE SUMMARY 

The Government of Kenya and other development partners have for a long time 
invested substantially in development and rehabilitation of smallholder irrigation 
schemes in the drylands of Kenya. Also, in the recent past, there has been an 
increasing interest in irrigation development in Kenya as evidenced by the 
substantial increase in government budgetary allocation to the subsector and the 
rapid increase in the number of irrigation projects under any one of the following 
phases: feasibility, implementation, expansion and rehabilitation. 
 
Most of the irrigation development is in the drylands. Therefore there was need to 
assess the opportunities as well as potential impacts and threats of irrigation 
development on the dryland ecosystems, pastoral communities and their 
traditional livelihoods. A study was commissioned by FAO with funding from 
European Union to develop a reference document that can be used to inform the 
investment in irrigation within Kenya’s drylands with a specific focus on Daua, 
Tana, Turkwel, Kerio and Ewaso Ng’iro North river basins and Merti aquifer while 
providing information and recommendation on the impact of irrigation 
development on the existing social systems. In these areas the counties of focus 
were Turkana, Wajir, Mandera, Isiolo, Garissa and Tana River. Merti Aquifer was 
also studied separately. 
 
The study was mainly undertaken through literature review, field observations 
and interviews in 2012 and 2013. This report focuses on the findings of the 
Turkana County. The discussions and study findings are summarized as follows. 
 
Turkana County has a total area of 77,000 km

2
 and a population of 855,399 

people constituting 123,192 households. It is sparsely populated with a 
population density of about 12 persons per km

2
 and a growth rate of 6.4%. The 

people of Turkana County are traditionally pastoralists with 60% of the 
populations relying on the livestock sector for their livelihood while the others rely 
on rain-fed agriculture, irrigation, fishing, mining and employment. The movement 
of livestock into and out of the target grazing areas is dictated by availability of 
pasture and water. 
 
One of the biggest challenges to agricultural development in Turkana County is 
inadequate water to meet the moisture requirements for crop and livestock 
production. The annual rainfall ranges between 120 to 600mm which is erratic in 
time and space, and is therefore unreliable for crop production. In addition the 
area is generally characterized by high temperatures and evaporation rates which 
lead to soil moisture deficits and therefore high irrigation water requirements. In 
spite of the relatively low rainfall, the district is prone to flooding due to localized 
rains or bursting of the Kerio and Turkwel rivers, which are the main rivers in the 
county. 
 
Turkana County has limited and variable surface water flow. The available water 
for irrigation from Turkwel river has been estimated using long-term release from 
the Turkwel Gorge dam (12.825 m

3
/s), flows from Malmate river (7.795 m

3
/s) and 

flow analysis of the gauge at Lodwar bridge. This study therefore concludes that 
there is about 19.8 m

3
/s to be shared among various uses. The flow in Kerio river 

is estimated at 10.5 m
3
/s using the gauge at Lokori. The irrigation potential from 

the 2 rivers was estimated assuming that half of the flow will be committed 
domestic, livestock and other ecological functions. Generally water withdrawal for 
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irrigation from Turkwel and Kerio rivers will cause a reduction in the amount of 
water available to the downstream users. 
 
Hitherto, the yields of groundwater are rather low for irrigation purposes. 
However, the new discovery by UNESCO may change the scenario and therefore 
the chances for using the water for irrigation should be further investigated.  

 
A common problem with the Turkwel and Kerio rivers is the high silt load. This 
limits the choice of irrigation water application technologies to surface irrigation 
as sprinkler and drip irrigation methods would require expensive water filtration 
systems to reduce clogging of their nozzles and emitters. The high silt load also 
contributes to the high cost of system maintenance due to the need for frequent 
desilting of the intake works and canals. Also flooding often occurs along the river 
and causing crop loss and extensive damage to the irrigation infrastructure. 
Similar loss occurs when the river changes its course away from the intakes. 
 
The high level of potential evaporation puts the soils at risk of salinisation due to 
accumulation of salts as the water evaporates. This means that irrigation 
development must be accompanied by a comprehensive soil management plan 
to improve the water holding capacity and control degradation of the land due to 
soil salinization and soil erosion.  
 
Felling trees of high socio-economic importance to give room for irrigation will 
have a significant impact on the livelihood of the community. For instance, the 
Hyphaene thebaica (Doum palm) is a valuable source of livestock feed, fruit for 
human consumption and supports both the construction and the cottage industry 
(baskets, carpets) among other uses. The farmers use acacia ponds harvested 
from the riverine forest to feed their livestock. 
 
The expansion of irrigated agriculture is likely to have significant impact on 
wildlife and wildlife-related industries. This is because there is a significant 
number of wildlife along the flood plains including the endangered Grevy’s 
zebras, dik dik, monkeys and the elephants. For instance irrigation developments 
around the South Turkana National Reserve may therefore interfere with the 
wildlife and lead to human-wildlife conflicts since the reserve is an elephant 
migratory route. 
 
Generally availability of land for irrigation is not a constraint in Turkana County 
due to the relatively low population density. The problems of land that are 
associated with irrigation development relate to the communal land ownership 
and the communal utilization of the land resource for grazing and other economic 
and social purposes. Irrigation development reduces the quantity of dry season 
grazing and livestock corridors mainly through encroachment into the riverine 
areas. This may result in conflicts between farmers and livestock 
keepers/pastoralists, as livestock graze on crops or damage irrigation 
infrastructure in an attempt to access water and pasture. 
 
However irrigation provides a fallback for pastoralist livelihood when they lose 
livestock to prolonged droughts; and then communities temporarily turn to 
irrigation as they rebuild their herds. Furthermore integrating livestock 
components in future irrigation development planning will mitigate some of the 
negative impacts associated with irrigation development. The recommended 
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components include fodder crop production, use of crop residue as dry season 
grazing, provision of livestock watering points and maintenance of livestock 
corridors. 
 
Irrigation has improved food security and the livelihoods of communities. It is 
evident that existing irrigation projects have contributed to food security and 
incomes. It is estimated that Turkana food requirement for the population of 
855,399 people is between 106,000-117,000 metric tons out of which 25% is 
provided through famine relief. It was noted that the relief food requirements for 
the agro-pastoralists along Kerio and Turkwel rivers were relatively low (10-15%) 
compared to the rest of the county (45-50%) which is a clear indication of the 
importance of irrigation in the county. The county is a net importer of foodstuff 
with about 322,514 of the population under general food distribution in 2010. 
 
The area presently under irrigation in Turkana along Turkwel and Kerio rivers is 
1,753 ha and 913 ha respectively. The schemes are producing about 12,035 
metric tons of grain per year. The schemes are supporting 16,609 households 
with plot sizes of 0.16 to 0.4 ha. The farm sizes are rather small and farmers 
cannot solely rely on them for their food requirements. 
 
The irrigation potential for Kerio and Turkwel rivers has been estimated at 16,600 
ha. Grain production may increase to 232,615.8 metric tons if the potential of 
16,600 ha is fully developed with two crops per year and good agronomic 
practices. The potential yield of crop residues will be four times the yield of grain 
and it amounts to 930,463.2 metric tons. The crop residue can provide low quality 
feed to 399,340 tropical livestock units. The cropping pattern has included 4,980 
ha of fodder. The fodder and crop residue shall therefore compensate for the dry 
grazing area committed to irrigation of other crops and support the integration of 
new livestock management systems into irrigation farming. This creates an 
opportunity for the agro-pastoralists to keep a few animals within the vicinity of 
the irrigation scheme, which are fed with weeds, crop residues and fodder grown 
within the irrigation scheme. 
 
It is estimated that the economic life for irrigation infrastructure is 30 years. 
However experiences from some of the dryland areas have shown that the 
irrigation projects with infrastructure along the rivers have a life span of about 5 
years (mainly because of damage by flash floods) instead of the documented 
period of 30 years. This makes the annualized cost of investment in irrigation too 
high making it dependent on frequent injection of external resources for operation 
and maintenance and cost recovery. The yield and revenue per hectare are too 
low to pay for the investment and operation and maintenance costs. 
 
The following recommendations have been made in order to explore irrigation 
potential in Turkana County and to implement sustainable irrigation systems with 
minimal negative environmental and social impacts: 
 

 Farmers should be encouraged to embrace modern business approach to 
agriculture by using the necessary inputs such as appropriate seed and use 
of fertilizers. This will ensure profitability and therefore self-sustaining 
irrigation projects. Irrigation development should therefore include other 
services such as extension, input supply and marketing in order to improve 
productivity and increase farmer income and enhance sustainability. 
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 Investment in capacity development of the communities in areas that are 
important to irrigation namely technical, financial and organizational 
capacities. 

 Considering the importance the Turkana attach to livestock, there is need to 
integrate livestock into the farming systems by fencing the irrigation schemes, 
providing watering points as well as extension advice on fodder production 
and conservation during the design and costing of the irrigation projects. 

 There is need to conserve some woodlots of Acacia tortilis and Hyphaene 
thebaica along the river in order provide forage for the livestock which are 
always around the irrigation schemes, in particular sheep and goats. 

 Irrigation development will mainly be done on the area along the rivers thus 
denying the livestock access to the river. In order to avoid conflicts between 
agro-pastoralists and the pastoralists, some corridors within the scheme 
should be left for the livestock to have access to the river. 

 There is also need to avoid irrigation development in areas which are 
migratory routes for the wildlife such as the elephant. 

 The water users’ associations are generally weak and poorly developed and 
do not have capacity to manage their irrigation schemes and therefore require 
strengthening. 

 Incorporation of flood protection in irrigation project design to secure the 
investments incurred in irrigation infrastructure development. 

 Investment in collection, maintenance and dissemination of hydrological data 
through rehabilitation and revival of non-operational river gauging stations as 
well as installation of new gauging stations where none exist to aid in planning 
for water resource abstraction and management. The Water Resources 
Management Authority should come up with an integrated water allocation 
plan to ensure equitable sharing of available water along the riparian counties 
within the Turkwel and Kerio rivers basins. 

 Any significant irrigation development in Turkana County and indeed other 
parts of the country will have to include investment in water harvesting and 
storage and use of efficient technologies. 

 Further study on the livestock carrying capacity along the riverine areas so 
that the returns from livestock production can be compared with the returns 
from irrigation, especially on small-scale irrigation projects which are growing 
food, horticultural and fodder crops. 

 Land use planning and development of county and, where necessary inter-
county and national master plans that designate areas for specific land uses 
to reduce resource use-induced conflicts. 

 Implementation of good irrigation practices to minimize degradation of the 
environment, including pollution. 

 Irrigation projects invariably change ecosystems regimes (e.g. South Turkana 
National Reserve) hence the need to assess the current environmental 
conditions, determine how much change is acceptable to society as a whole 
and the counter-measures that should be taken to minimize the adverse 
changes. Development and enforcement of Environmental and Social Impacts 
Assessment (ESIA) and implementation of Environmental and Social 
Management Plans (ESMP). 

 Regular participatory environmental audits to monitor any changes in the 
various environmental variables and to put in place timely corrective 
measures. 
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1. INTRODUCTION 
 

The Government of Kenya, Food and Agriculture Organization of the United 
Nations (FAO) and other development partners have for a long time invested 
substantially in development and rehabilitation of smallholder irrigation schemes 
in the drylands of Kenya. Also, in the recent past, there has been an increasing 
interest in irrigation development in Kenya as evidenced by the substantial 
increase in government budgetary allocation to the subsector and the rapid 
increase in the number of irrigation projects under any one of the following 
phases: feasibility, implementation, expansion and rehabilitation. 
 
Most of the irrigation development is in the drylands. Therefore there was need to 
assess the opportunities as well as potential impacts and threats of irrigation 
development on the dryland ecosystems, pastoral communities and their 
traditional livelihoods. 
 
A study was commissioned by FAO with funding from European Union to develop 
a reference document that can be used to inform the investment in irrigation 
within Kenya’s drylands with a specific focus on Turkwel and Kerio river basins. 
 

1.1 Objectives of the Study 

 

The overall objective of this study is to develop a reference document that can be 
used to inform the investment in irrigation within Kenya’s drylands with a specific 
focus on Turkana County along Turkwel and Kerio rivers basin while providing 
information and recommendation on the impact of irrigation development on the 
existing social systems.  
 

1.2 Scope of Works 

 

The Scope of works as presented in the Terms of Reference can be summarized 

as follows. 

a) To use existing data on soil types, river flows and rainfall to establish the 
irrigation potential under open furrow along the Turkwel and Kerio rivers. 
The reference crops will be maize, rice, sorghum, bananas and mangoes 
that are commonly grown in the study areas. 

b) Use the information generated in (a) above to estimate the total potential 
production of the stated crops and the number of households this could 
support. 

c) Use the information generated in (a) and (b) above to establish the 
economic and environmental viability of irrigated crop farming using water 
from the Turkwel and Kerio rivers. 

d) Assess the potential impacts of the irrigation development on the social 
infrastructure and pastoral livelihood within the target areas. 
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2. DESCRIPTION OF TURKANA COUNTY 
 

This section gives an overview of Turkana County in terms of geographic 
location, size, human population, climate and economic activities carried out. 

 

2.1 Location and Size 
 

Turkana County is located on the Northwestern tip of Kenya within the Kenyan 
Rift Valley. It borders Uganda to the West and South Sudan and Ethiopia to the 
North. It covers an area of 68,680 km

2
. The map for Turkana County is shown in 

Figure 2-1. 
 
The county is divided into six administrative sub-counties: Turkana South, 

Turkana East, Turkana Central, Loima, Turkana North and Kibish. 

2.2 Human Population 

 

Turkana County has a population of 855,399 
1
(consisting of 52 % male and 48% 

female) and 123,192 households (KNBS, 2009). It is sparsely populated with an 
average population density of about 12 persons per km

2 
characterized by high 

concentration of people near the urban, rural centers and areas around the 
irrigation schemes. The age distribution of the population is 0-14 years (46.0 %), 
15-64 years (51.6 %), 65+ years (2.4 %). It is among the poorest counties with 
95% of its population living below poverty line. (Turkana North, District 
Development Plan, 2008-2012). It has a population growth rate of 6.4 %. 
 

2.3 Climate 
 

Turkana County has an arid climate with temperatures ranging between 24 and 
38°C with a mean temperature of 30°C. The rainfall ranges between 120 and 600 
mm per year. There are two rainfall seasons, i.e. March – May (long rains) and 
October – November (short rains). The wettest months are April and May with 
39.1 and 32.7 mm respectively. In most cases, the monthly rainfall falls in one or 
two days and therefore, most of it is lost as runoff. The western parts and areas 
of high elevation in the county receive more rainfall than the rest of the county. 
The rainfall is erratic in spatial and temporal distribution. The distribution of 
rainfall across Turkana County is shown in Figure 2-2. 
 
Turkana County is characterized by moisture deficit throughout the year since the 
rainfall is less than the evaporation as shown in the Figure 2-3 (Agricom 
Consultants, 2012). Irrigation is therefore necessary for crop production to 
supplement the meager rainfall. 
 

                                                           

1 Anomalies were observed in the census record showing that the County has a very high growth rate 
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Figure 2-1: Map of Turkana County 
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Figure 2-2: Average Rainfall Distribution In Turkana County 
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Figure 2-3: Influence of Climatic Factors on Soil Moisture  

 

2.4 Socio-Economic Activities 
 

The main economic activity in Turkana County is nomadic pastoralism with some 
crop agriculture being practiced in irrigation schemes and along the flood plains. 
Flood recession agriculture is practiced along the Turkwel and the Kerio rivers. 
People also rely on mining of natural resources such as gemstones, saltlicks and 
alluvial gold, fishing, weaving, charcoal burning and tourism. A few are also in 
formal and informal employment. 
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3. LAND RESOURCES 
 

This section seeks to establish the potential land for irrigation by looking at the 
land tenure system, land use, topography and soil types in the Tana River 
County. 
 
Land tenure system is one of the factors that must be clearly understood before 
embarking on a major investment or economic activity. Topography and soil 
types are some of the major factors affecting irrigation, particularly surface 
irrigation. 
 

3.1 Land Tenure and Land Use 
 
Turkana County land tenure system is mainly based on communal land 
ownership. This is the land tenure system that is commonly practised in arid and 
semi-arid zones of Kenya. The communal land ownership system in most cases 
discourages investments or long-term developments on the land.  
 
However, in Turkana County, people have traditional ownership right on plots 
along the flood plain, where they grow rain-fed sorghum and carry out irrigated 
crop farming within the existing irrigation schemes.  
 

The county is made up of less than one-third of the land that is suitable for 
farming hence limiting land use activities. Pastoralism is the main economic 
activity in the county with agro-pastoralism coming in a distant second. There are 
also some mining activities, especially in the southern parts of the county. 
 
Flood recession agriculture is practiced along the Turkwel and the Kerio rivers. 
Some of the flood plain agriculture has been replaced with group-based irrigation 
schemes (Annex 4 and 5) with sorghum and maize being the main crops. 
Individual smallholder farmers also use small portable petrol pumps to irrigate 
horticultural crops. 
 
Other agricultural practice include water harvesting/spate irrigation using huge 
trapezoidal bands, which have been developed by the communities especially 
through food for asset programmes under the World Food Programme (Plate 1). 

 

   

Plate 1: Trapezoidal Bands at Natiira (Water Harvesting Technique) 



Opportunities and Threats of Irrigation Development in Kenya’s Drylands  

Volume VI: Turkana County Final Report             2013      7                                                                                                                                                      

3.2 Topography 

 
Topography is a major factor affecting irrigation, particularly surface irrigation. Of 
general concern are the location and elevation of the water supply relative to the 
field boundaries, the area and configuration of the fields, and access by roads, 
utility lines (gas, electricity, water, etc.), and migrating herds whether wild or 
domestic. Field slope and its uniformity are two of the most important 
topographical factors. Surface systems, for instance, require uniform grades in 
the 0-5 percent range. 
 
Turkana County has several topographical features to note, including mountain 
ranges to the west, open plains in contral, and rivers and Lake Turkana to the 
east.  
 
The area topography was examined with an objective of establishing suitable 
areas for irrigation farming in Turkana County. As discussed above, a field slope 
of 0-5% is most suitable for surface irrigation. 
 
Figure 3-1 is a map presentation of the slope. 
 

3.3 Major Soils and Distribution 

 
The soil's moisture-holding capacity, intake rate and depth are the principal 
criteria affecting the type of system selected. Sandy soils typically have high 
intake rates and low soil moisture storage capacities and may require an entirely 
different irrigation strategy than the deep clay soil with low infiltration rates but 
high moisture-holding capacities. Sandy soil requires more frequent, smaller 
applications of water whereas clay soils can be irrigated less frequently and to a 
larger depth. Other important soil properties influence the type of irrigation 
system to use. The physical, biological and chemical interactions of soil and 
water influence the hydraulic characteristics and tilth. The mix of silt in a soil 
influences crusting and erodibility and should be considered in each design. The 
distribution of soils may vary widely over a field and may be an important 
limitation on some methods of applying irrigation water. 
 
Soils in Turkana are poorly developed, low in organic matter with an 
unconsolidated weathering rock below the top soils in most of the areas. 
Muchena & Van der Pouw (1981) described the soils as lacking the middle soil 
horizon between the top soil and the rock. The drainage condition ranges from 
well to poorly drained. The two major rivers, Turkwel and Kerio, have alluvial soils 
along them in which silt sand overlays coarse sand. 
 
At the Kerio delta and the lakeshores, the soils are more saline and frequently 
overlaid by windblown sand (Gwynne, 1977). The soils in the irrigation schemes 
along the two rivers have high pH and are low in phosphorous, nitrogen and 
organic matter. The soils have pockets of high salinity levels, which without 
proper water management and good drainage lead to poor crop performance 
(Agricom Consultants Ltd., 2012). 
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Figure 3-1: Turkana County Land Suitability Map Based on Slope  
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Table 3-1 below highlight that soils for Morulem and Kapelibok schemes along 
Kerio and along Turkwel rivers respectively are similar. The soil parameters for 
the blocks within each scheme were used to generate the soils characteristics. 
 
Table 3-1: Soil Characteristics of Soils along Kerio and Turkwel rivers 

Soils Characteristics Morulem (Kerio basin) Kapelibok (Turkwel basin) 

Soil pH 7.86 7.66 

Total Nitrogen % 0.03 0.07 

Org Carbon % 2.46 0.46 

Phosphorus ppm 2.64 5.07 

Potassium me% 0.43 1.11 

Calcium me% 15.70 16.10 

Magnesium me% 3.55 5.81 

Manganese me 0.73 0.61 

Copper ppm 5.00 2.13 

Iron ppm 64.00 51.41 

Zinc ppm 3.49 2.85 

Sodium me% 0.80 1.07 

Elect. Cond. mS/cm 0.17 0.42 
 

3.4 Land Suitability for Irrigation Based on Slope and Soil Characteristics 

 

The soils and the slope of the land are some of the main factors considered while 
determining land suitability for surface irrigation. The land suitability for irrigation 
in Turkana County was therefore assessed using local soil maps and the 
Harmonized World Soil Database (HWSD) based on the FAO methodology.  
 
The following characteristics are included in the soil suitability assessment. 

 Organic carbon 

 Soil water holding capacity 

 Drainage capacity 

 Soil texture 

 pH 

 Soil salinity 
 
The slopes within the two basins were in the range of 0-3% (Figure 3-1) and were 
therefore not limiting to the surface irrigation. The soils along the Kerio and 
Turkwel basin falls within the few constraints and the no constraints zone and 
therefore are suitable for irrigation (Figure 3-2). 
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Figure 3-2: Turkana County Soil Suitability Map 
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3.5 Soil Salinity Management and Control 

 

Farmers in most schemes in Turkana County practice flat basin methods for 
applying water onto their farms. The basins are of different sizes with no relation 
to the stream flow for irrigation. 
 
The farmers realized isolated cases of high salinity levels and tried to address the 
problem by burning vegetation trash on the affected areas to moderate the effect 
of salts (see Plate 2). This has been confirmed to be scientifically effective by 
Desert Research Centre in Cairo, Egypt whereby burning resulted in lower 
percentages of clay, salinity and CaCO3 in burnt stands than in un-burnt stands, 
while the percentage of sand was higher in the burnt stands than in un-burnt 
stands (Latif El-Khouly, 2004). 
 
In absence of other locally tested salt control measures, the tacit knowledge of 
the burning of trash to address soil salinity should be encouraged in Turkana. 
Most schemes lack a drainage network thus making salts to accumulate in the 
irrigation fields.  Drains should be installed and farmers be trained on the 
appropriate size of basins and water management within the plot and the basin. 
Ridged basins should be introduced as a salinity management measure. 

 

 

 

 

 

 

 

 

 

 

 

Plate 2: Burning of Trash to Reduce Soil Salinity 
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4. WATER RESOURCES 
 

This section discusses availability and distribution of both surface water and 
groundwater resources within Turkana County. It also looks at irrigation water 
demand and seeks to establish the suitability of the water for irrigation based on 
quality of the water resources. 

 

4.1 Surface Water Resources Availability and Reliability 
 

The Turkana County has limited surface water resources with only two perennial 
rivers which flow throughout the year. The two main rivers in Turkana County are 
the Kerio and Turkwel rivers. The flows in the rivers are influenced by the rainfall 
patterns in their catchments, which also influence water availability in the 
schemes. The rivers also receive runoff from ephemeral streams (laghas). Figure 
4-1 shows a map of the drainage network for the two river systems. Both rivers 
are characterized by wide river channels in some cases exceeding 100 metres. 
The rivers meander and often shift their courses. 

 
4.1.1 Turkwel river 

 

The Turkwel river basin covers an area of about 23,900 km
2 

(Sogreah, 1982). It 
originates from Mount Elgon on the Kenya - Uganda border at an altitude of 
4,320 m a.s.l. The river is about 340 km long and consists of three distinct 
catchment zones (Sogreah, 1982) as outlined below: 
 

 The Suam river with a catchment area of about 5,900 km
2
, which drains from 

the Uganda border in the west, to Turkwel Gorge where the river is dammed; 

 The Wei Wei and Morun rivers which drain the Cherangani hills, with a 
combined catchment area of about 1,500 km

2
 at Marich Pass, prior to joining 

the Turkwel river at Kaputir; and 

 The semi-arid plain of the Turkwel river forms the third part of the basin 
extending from Kaputir to Lake Turkana. This is characterized by flash floods 
arising from localized storms. 

 
The “yield” of the Turkwel river at Lodwar was estimated, prior to the construction 
of the Turkwel Dam, to be 810 million m

3
 annually (Sogreah, 1982). At that time, 

Sogreah (1982) estimated the mean annual inflow at Turkwel Gorge to be 600 
million m

3
 (Avery, 2010). River Gauging stations have been established at Twin 

Island (2B27), Katilu (2B22) and at Lodwar Bridge (2B3 and 2B21). The river 
gauging stations at Twin Island and at Katilu are however not operational 
(Source: Personal Communication with WRMA, 2012). The Norconsult study 

(1982) estimate of flood flow before the construction of the Turkwel dam was 
between 600 to 1,350 million m

3
 per year. 

 
The flow in the Turkwel is nowadays more reliable than before as a result of the 
regulation by the Turkwel dam and the mean flow ranges from 10.5 to 14.0 m

3
/s. 

Minimum flows with the exception of two months in 1991 when no electricity was 
generated range from 1.4 to 5 m

3
/s. An analysis of the flow time series of 

releases from the dam as per current release policy shows that on average the 
monthly flow released 95% of the time is about 3.8 m

3
/s and that released 80% of 

the time is about 7.0 m
3
/s. However, long-term mean releases are 12.825 m

3
/s. 
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Figure 4-1: Map of Drainage Network for Turkwel and Kerio rivers 

 
The availability of water is further supported by data from Suam river, which is still 
the main source of the Turkwel water. The data is presented in the Table 4-1. 
Taking the average of the morning and the evening measurements at Kongolai, 
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the 11 years average is 11.9 m
3
/s which is close to the measurements at 2B21 at 

Lodwar Bridge. 
 
Table 4-1: Annual Flows at Kongolai, 1963 - 1976 

Year (m3/s) 

1963 10.8 

1964 12 

1965 5.6 

1966 12 

1967 14.4 

1968 8.7 

1969 10.4 

1970 16.1 

1971 17.4 

1972 14 

1976 9.7 

11 years average 11.9 

(Source: Wain, 1994)  

Analysis for Malmate river (a tributary of Turkwel river from Cherangani hills), 
which had reliable flow time series at RGS 2B30 during the period 1982 to 1990 
gives the reserve flow as 0.018 m

3
/s and normal flow as 1.665 m

3
/s. Hence, the 

flow available for use at normal flow conditions is 1.647 m
3
/s. The long-term 

mean daily flow for the period is about 7.795 m
3
/s. 

 

4.1.2 Kerio river 

 

The Kerio river basin covers a total area of 17,800 km
2
 extending over a distance 

of 350 km; with an average basin width of about 50 km (Sogreah, 1982). The 
basin has the following 3 zones: 

 The upper basin rises in the high altitude forest to the Northeast of Timboroa 
(altitude of 2,750 m a.s.l.); 

 The middle basin is the Kerio Valley, which is fed by perennial rivers from the 
forests on the upper areas of the western wall of the Rift Valley; and 

 The lower basin which is semi-arid, and the river flows are irregular.  

Flows have been measured at Gauging Station 2C8 at Lokori, with a drainage 
area of 6,470 km

2
. Based on measurements between 1970 and 1973, the mean 

inter-annual flow at Lokori was estimated to be 10.5 m
3
/s (Sogreah, 1982).  

 
The current study areas are characterized with torrential rains, which fall for a few 
days in the year. The runoff from the flash floods is a big bottle neck since it 
causes a lot of damage to crops and infrastructure. A case in point is Natuntun 
lagha, which wreaks havoc on Napak Irrigation Scheme in Loima sub-
county/district (see Plate 3). The pictures were taken within a period of about an 
hour before and after the rains in the other parts of catchment. 
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Plate 3: Effect of Flash Floods on Cultivation 

4.1.3 Surface water quality 

 

The water quality for the Kerio and Turkwel rivers is chemically suitable for 
irrigation. The water however carries a lot of silt which poses difficulties in 
infrastructure maintenance.  
 
The term water salinity refers to the total dissolved concentration of major 
inorganic ions (i.e. Na, Ca, Mg, K, HCO3, SO4 and Cl) in irrigation water. Water 
salinity is measured in Electrical conductivity (EC) and is expressed in units of 
deciSiemen per metre (dS/m). The Food and Agriculture Organization (FAO) has 
published guidelines on the use of saline water for crop production and any water 
with less than 0.7 dS/m is considered suitable for irrigation. The dS/m of the 
Turkwel and Kerio rivers is given as 0.17 and 0.19 respectively, below the 
standard of 0.7 and therefore is suitable for irrigation. The individual river water 
test results from Kapelibok and Lokubae schemes along Turkwel and Kerio rivers 
are shown in Table 4-2 below.  

 
Table 4-2: Water Quality of Turkwel and Kerio Rivers 

Parameter (units) Turkwel river Kerio river 

Lab No. 2012 2012 1388 

pH 6.86 7.5 

Conductivity (micro s/cm) 0.19 0.17 

Sodium (me/l) 0.45 5.82 

Potassium (me/l) 0.06 0.08 

Calcium (me/l) 0.46 1 

Magnesium( me/l) 0.59 0.36 

Carbonate (me/l) ND ND 

Bicarbonate (me/l) 3.38 2.9 

Chlorides (me/l) 4.5 4.25 

Sulphates (me/l) 4.23 2.27 

Sodium adsorption (ratio) 0.62 7.06 

(Agricom Consultants, 2012) 

The waters in the two rivers carry a lot of silt, which is deposited at the intakes of 
the irrigation canals. This is a major challenge for farmers in irrigation scheme 
maintenance as de-silting of the intakes and the canals have become frequent 
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activities. The flat terrain of the land and the low slope of the river in the flood 
plain do not allow provision for flushing out the silt during the design phase and 
therefore the farmers have to remove the silt manually. Lining of the canals would 
enable easier de-silting because they would have fewer weeds than in the 
unlined ones. 
 

4.1.4 Surface water abstraction technologies 
 

River water abstraction for irrigation is done through gravity intakes. The 
challenges that the schemes face are riverbank erosion which damage intakes 
and flooding of the schemes when the rivers burst the banks. This has become a 
major constraint in selecting the intake sites and the requirement for high cost of 
flood protection works. A few farmers are using small petrol powered pumps to 
irrigate vegetables in particular along the Turkwel river. The irrigation schemes 
have not obtained any water abstraction permits hence there were no data for the 
river water commitment.  
 

4.2 Groundwater Resources 
 

Ground water in Turkana is found in sand beds along the seasonal rivers, shallow 
aquifers of less than 100m depth and deep water aquifers about 300 to 600 m 
deep. 

 
4.2.1 Groundwater availability 

 

The main ground water resource in Turkana occurs in the sand beds along the 
Laghas. The water is obtained through shallow hand-dug wells. The other source 
of ground water is the boreholes. The average drilling depth for boreholes is 98 m 
in volcanic rocks, 62 m in basement system rocks and 54m in sedimentary rocks. 
The average water yield is 41.7, 1.4 and 2.3 m

3
/hr for volcanic, sedimentary and 

basement rocks respectively (District Water Office, Lodwar). 
 
The recent study in 2013 commissioned by UNESCO and executed by Radar 
Technology International, discovered deep water aquifers along the Turkwel 
River in Lodwar and Lotikipi plains. The Lotikipi Basin Aquifer System is located 
between Lokichogio and Lokitaung. The sedimentary aquifer has an estimated 
207 billion cubic metres of freshwater reserves. The other, Lodwar Basin Aquifer, 
is 16 kilometers from Lodwar town and is fed in part by the Turkwel river. 
 

4.2.2 Groundwater quality 
 

The water in sedimentary rocks has high pH (8.0), relatively high content of TDS 
(686 mg/l) and a high content of calcium and sodium. The content of chloride can 
be high but is usually less than 100 mg/l. Potassium content is below 10 mg/l and 
while present the sulphate content does not exceed 30mg/l. The content of 
fluoride can be high but usually less than 3 mg/l. The groundwater can be 
corrosive and scaling is expected to be a problem (District Water Office, Lodwar). 
The water found in volcanic rocks has an average pH of 7.7 and high TDS 
content with an average of 1,289 mg/l and a range of between 280 mg/l and 
6,000 mg/l. Calcium and magnesium are available in medium amounts. The 
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water has high content of potassium and a fluoride content of between 0.1 mg/l 
and 46 mg/l with an average of 7.2 mg/l.  
 
Boreholes sunk in basement system rocks have an average pH of 8.1 with a 
range of between 7.0 and 8.6, and therefore making the water mostly alkaline. 
Water also has high TDS content 1,636 mg/l with a range of between 425 mg/l 
and 5,000 mg/l. The calcium and potassium content is similar to sedimentary and 
volcanic rocks. The Sodium content is usually low (488mg/l) with a range of 
between 21 mg/l and 2,860 mg/l. Bicarbonate and chlorides are also found in the 
water. The fluoride and sulphate content is small while corrosion and scaling are 
common problems when groundwater from the basement system aquifer is 
utilized.  

 
The shallow river aquifers often yield very high quality groundwater due to rapid 
recharge by chemically good surface water and also because of short retention 
time within the aquifer. Nevertheless poor quality ground water may be 
encountered.  
 
The EC of water from sedimentary rocks formation is equal or less than 3,000 
µs/cm with an average value of 1,330 µs/cm. In the case of volcanic rocks 
formations, the EC is 1,660 µs/cm on average, which is above World Health 
Organization’s (WHO’s) drinking water standard and large variations are however 
expected among the boreholes (District Water Office, 2012). 
 
The recently discovered deep water aquifer of Lodwar and Lotikipi are reported to 
be of good quality for human use and irrigation. 

 
4.3 Conclusions on Water Resources 
 

Water availability, quality and potential abstraction methods for irrigation purpose 
at the county are discussed below. 

 
4.3.1 Irrigation water availability 

 

The available water for irrigation from Turkwel river has been estimated using 
long-term release from the Turkwel Gorge dam (12.825 m

3
/s), flows from 

Malmate river (7.795 m
3
/s) and flow analysis of the gauge at Lodwar bridge. This 

study therefore concludes that there is about 19.8 m
3
/s to be shared among 

various uses. The flow in Kerio river is estimated at 10.5 m
3
/s using the gauge at 

Lokori. Hitherto, the yields of groundwater are rather low for irrigation purposes.  
 
However, the new discovery by UNESCO may change the scenario and therefore 
the chances for using the water for irrigation should be further investigated.  
 

4.3.2 Water quality 
 

The water quality for the Turkwel and Kerio rivers is suitable for irrigation. The 
ground water is generally unsuitable for irrigation due to high pH and high 
electrical conductivity. According to the UNESCO study, the water from the deep 
Lotikipi and Lodwar aquifers are however suitable for irrigation. 
 



Opportunities and Threats of Irrigation Development in Kenya’s Drylands  

Volume VI: Turkana County Final Report             2013      18                                                                                                                                                      

4.3.3 Potential abstraction methods 
 

The abstraction of the water from the two rivers through gravity is a big challenge 
due to lack of stable riverbanks. In most cases, the intake areas are prone to 
flooding and change of the river courses. This scenario demands that extra effort 
should be put in riverbank protection and flood control works that result in high 
cost of irrigation infrastructure. 

 
The abstraction from the ground water shall require use of pumps powered by 
fossil fuel, wind or solar energy which is limiting in the rate and amount of 
abstraction and it is expensive. 
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5. IRRIGATION POTENTIAL 
 

In assessing irrigation potential, the assumed amount of available water in 
section 4.3.1 is linked to the cropping pattern and the crop water requirement at 
each stage of plant growth. The area currently under irrigation is considered in 
order to assess the additional area that may be irrigated. 

 

5.1 Area Currently under Irrigation along Kerio and Turkwel Rivers 
 

The area presently under irrigation in Turkana along Turkwel River is 1,753 ha 
(Annex 5) distributed in over 30 small schemes. The schemes are serving about 
10,409 farmers. The Kerio river basin has 3 schemes covering 913 ha and 
serving 6,200 farmers.  

 

5.2 Proposed Crops and Cropping Patterns 
 

The main crops grown in the irrigation schemes in Turkana are maize and 
sorghum. Maize occupies an average of 75 % of the cropped area while 24 % is 
under sorghum and the remaining 1 % is under other crops. The proposed crops 
are maize, sorghum, cowpeas, kales, mangoes and bananas. 

 

5.3 Crop Salt Tolerance 
 

Soil salinity is sometimes a problem along the Kerio and Turkwel rivers. The FAO 
guidelines on salt tolerance for different crops provided in Table 5-1 below shall 
be used in assessing suitable area to grow specific crops based on salt tolerance 
levels.  
 
Table 5-1: Salt Tolerance for Proposed Crops  

 

Crop Threshold ECe (Ds/m) Rating 

Maize 1.7 Ms 

Cotton 7.7 T 

Peanut 3.2 Ms 

Sorghum 6.8 Mt 

Sunflower 4.8 Mt 

Cow pea 2.5 Ms 

Common bean 1.0 S 

Cabbage 1.8 Ms 

Cucumber 2.5 Ms 

Kale -  

Onion bulb 1.2  

Pumpkin -  

Sweet potatoes 1.5 Ms 

Tomato 2.5 Ms 

 

Where: 
T = tolerant, S = sensitive, Ms = moderately sensitive, Mt = moderately tolerant 
ECe is used for the soil salinity measurement with units of decisiemens per metre  
(1dS/m = 1mmho/cm). 1dS/m = 1mS/cm = 1mmho/cm
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5.4 Crop Water Requirement 

 
The crop water requirement was estimated through cropwat and climwat developed by the FAO and is presented in Table 5-2.  

 
Table 5-2: Crop Water Requirements 

Precipitation Deficit J F M A M J J A S O N D 

1 Maize grain 0.0 0.0 21.3 66.3 211.4 200.1 46.0 0.0 0.0 0.0 0.0 0.0 

2 Sorghum grain 0.0 0.0 21.3 52.6 173.0 170.4 55.7 0.0 0.0 0.0 0.0 0.0 

3 Pulses 0.0 0.0 0.0 32.4 175.6 206.3 68.2 0.0 0.0 0.0 0.0 0.0 

4 Maize grain 52.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.6 126.2 196.1 190.5 

5 Sorghum grain 61.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31.6 110.8 159.2 161.2 

6 Pulses 4.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43.0 146.5 190.7 156.2 

Net Irrigation Req.             

 mm/day 1.7 0.0 0.7 2.1 6.5 6.4 1.6 0.0 1.1 4.0 6.2 5.9 

 mm/month 54.0 0.0 21.1 62.6 201.8 193.1 48.5 0.0 31.7 122.7 187.2 183.1 

 l/sec/ha 0.20 0.0 0.08 0.24 0.75 0.74 0.18 0.0 0.12 0.46 0.72 0.68 
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5.5 Irrigation Potential 
 

The area under irrigation along Turkwel river is 1,753 ha (Annex 5) while about 
913 ha is under irrigation (Annex 4) along the Kerio river. The current irrigated 
area per household is between 0.16 to 0.4 ha and is accommodating 16,609 
households (see Annexes 4 and 5). 

 
5.5.1 Irrigation potential along Kerio river 

 

The mean discharge for Kerio river at Lokori is 10.5 m
3
/s as presented in section 

4.1.2. Assuming that half of this is available for irrigation while the other half is 
reserved for domestic, livestock and environment water requirement, then about 
5 m

3
/s is available for irrigation. With peak water requirement of 0.75 l/s/ha, the 

estimated area for irrigation is 6,600 ha. At the moment, about 900 ha is under 
irrigation (Annex 4) thus further irrigation expansion of about 5,700 ha is possible.  
 

5.5.2 Irrigation potential along Turkwel river 
 

The assessed flow for Turkwel river in section 4.1.1 above is 19.8 m
3
/s which is 

as a result of regulation of the flows of the river by Turkwel Gorge dam. The 
estimate of the current flow of Turkwel is about 15 m

3
/s. With the assumption that 

half of the flow is left for domestic use, livestock use and ecological maintenance, 
the balance of 7.5 m

3
/s is available for irrigation. With peak water requirement of 

0.75 l/s/ha, the estimated area for irrigation is 10,000 ha.  The area presently 
under irrigation in Turkana along Turkwel River is 1,753 ha (Annex 5) which 
leaves 8,200 ha for further development.  
 

5.5.3 Conclusion on irrigation potential 

 

With improved flood control in the plains, there is potential to increase the area 
under irrigation to 10,000 ha and 6,600 ha along the Turkwel and Kerio Rivers 
respectively.  
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6. LIVESTOCK AGRICULTURE 
 

Livestock sector which covers the production and management system, livestock 
numbers and species composition, relationship and integration with irrigation 
development and the impacts that may arise on livestock sector as a result of 
irrigation development are discussed in the sections below. 

 

6.1 Importance of Livestock Sector 
 
Traditionally, it has been argued that livestock production is extravagant on water 
use. Appraisals have indicated that producing one unit of meat, milk or egg 
products uses between 2 to 10 times as much water needed to produce one unit 
of grain or pulse. Consequently, irrigation schemes developed in various parts of 
Kenya have tended to discourage keeping of livestock alongside crop production. 
Hence, irrigation development has failed to take advantage of inbuilt cultural skills 
and interest to maximize gains of the heavy investments, which if exploited would 
have enhanced food security, created jobs and reduced poverty. However, many 
Kenyan communities have their livelihoods and lifestyles heavily intertwined with 
livestock. 
 
The people of Turkana County are traditionally pastoralists and 60% of the 
population relies on the livestock sector for their livelihoods. This type of 
livelihood has developed over generations and has become the greatest 
aspiration of individuals. In occasions where drought or pestilence has rendered 
individuals livestock-less, they feel less than human; and long for the day when 
they can change their fortune sufficiently to replace the lost wealth. A common 
term used for those who grow crops is “pastoralist drop-outs.” Needless to state 
then, owning livestock is very prestigious in addition to providing livelihood. The 
pictures below (Plate 4) are a clear indication of the attachment of the community 
to livestock and the process of building up a herd. 

 

  

Plate 4: Farmers at Different Stages of Establishing a Herd 
 

To make sufficient living from livestock, the Turkana people must have large 
numbers to provide them with daily food and nutritional needs and when need 
arises to sell the livestock in order to obtain cash. The herd must have sufficient 
numbers and a remnant surviving drought or pestilence. The drive to have large 
flocks is inbuilt in all individuals and in a way also enhances the overall 
vulnerability of the livestock especially to drought.  
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To take advantage of the little vegetation and water, the Turkana keep mixed 
herds of cattle, camels, goats, sheep and donkeys. Camels are recent 
possessions by the Turkana. Although individuals’ main goal is to own cattle, 
goats and sheep are the main livestock kept as they are a versatile source of 
food and income. For impoverished people they form a foundation for recovery; 
since they can multiply quickly given a favorable environment (Wienpahl, 1984).  

 

6.2 Livestock Production Systems, Livestock Types and Numbers 
 

The information on livestock numbers was recorded from two sources that do not 
agree. One is the national census conducted in 2009 and the other was from 
records kept and updated regularly by the district veterinary and livestock offices. 
The harmonized records are shown in Table 6-1 below. The herds themselves 
are organized into groups that herd close to the settlements and others that 
range far.  
 
The livestock off-takes are minimal. Cattle and camels are almost never sold. 
Goats are sold based on need. A major form of off-take consists of livestock paid 
off in form of dowry or fines or reparations for misdemeanors against the 
community. Experts and key informants state that off-takes for cattle, sheep and 
camels approach zero while those of goats cannot be more than two percent. 
The key constraints to off-take comprise poor infrastructure to markets, poor 
market organization, lack of market information and cultural norms. 

 

6.3 Key Routine Management Practices 
 
The main management practices are herding, i.e., taking herds and flocks out to 
pasture daily, ensuring access to quality pasture, providing security to them, etc.  
 
Herding is divided into two, whereby sedentary agro-pastoralists keep about 15% 
of their herds close by and take them out and bring them in daily. Agro-
pastoralists are reportedly impoverished, lacking or owning very few livestock. 
Where the irrigation schemes have been developed, a fence is supposed to keep 
livestock from the crops. However, the fences have become dilapidated through 
ageing or tampering by people so that livestock keepers and the cultivators have 
to keep constant watch during the day and night to protect crops. The cropping 
pattern follows the rainy season in the highlands where the source of the river is.  
 
The second group keeps about 85% of the herds. These livestock are herded by 
young un-married men, the young married men and their young wives. These 
persons may stay away from settlements for extended periods sometimes 
extending to two years. 
 
Table 6-1: Livestock Numbers in Turkana County in 2009 

1.1.1.1 District/ Species 1.1.1.2 Turkana 

North 

1.1.1.3 Turkana 

East 

1.1.1.4 Turkana 

Central 

1.1.1.5 Turkana 

South 

Total 

Cattle 65,280 308,624 16,920 685,832 1,076,656 

Sheep 319,860 757,087 98,479 1,682,415 2,857,841 
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1.1.1.1 District/ Species 1.1.1.2 Turkana 

North 

1.1.1.3 Turkana 

East 

1.1.1.4 Turkana 

Central 

1.1.1.5 Turkana 

South 

Total 

Goats 611,900 1,281,037 199,132 2,846,748 4,938,817 

Camels 52,030 247,546 13,647 412,577 725,800 

Donkeys 10,930 142,316 5,308 276,686 435,240 

Ind. Chickens  55,053 15,267 114,068 184,388 

Commercial 

chickens 

3,441 0 3,773 8,230 15,444 

Bee hives 307 0 1,985 30,289 32,581 

(Source: National census conducted in 2009, records kept and updated regularly by the 

district veterinary and livestock offices) 

 

6.4 Survival During Drought 
 

Loss of livestock can result from drought, disease or raiding. Drought is the most 
serious cause of livestock loss and 60% of the goat herds and 80-100% of the 
sheep flock may be lost during a long drought. There is loss of potential 
reproduction during such a year with goats losing about 90% potential kids and 
sheep losing about 100%.  
 
Using approximation based on literature, they may lose about 40, 50, 60 and 
70% of their camel, cattle, goats and sheep respectively to drought. Management 
practices for cattle are such that they are continuously moved in search for water 
and pasture. Cattle are therefore rarely encumbered with drought unless it is 
widespread.  
 
Due to their high dependence on water (cattle must drink every three days for 
survival) mortality would be higher, probably approaching 100% if they did not 
move so much. It is for this reason that they are less useful in providing resilient 
livelihood to pastoralist and often prone to raiding than the other species. 
Camels, goats and sheep on the other hand remain close to the homestead and 
continue to provide food to the young and elderly people who do not move much. 
Consequently, they are affected much more by drought than cattle. Calves, kids, 
and lambs suffer extensive mortality during drought. Some pastoralists therefore 
separate the juvenile animals into herds that graze away from the homestead. 
This has double advantage of securing them from drought and saving some of 
the herd from raiding parties. 
 
Losses from raids by neighboring communities like the Pokot are usually 
disastrous and a whole herd can be lost. However, some proportion of the herd is 
often recovered (Dyson-Hudson and MacCabe, 1982). Herds become prone to 
raiding during drought when they wander away from secure areas and to the 
well-vegetated zones bordering communities that are hostile to the Turkana. 
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Drought recovery varies with the species of livestock. Small ruminant animals 
regain their body condition and reproductive ability very fast. The next 
kidding/lambing season records 90%/100% respective rates expected for goats 
and sheep with the oncoming of the rains. The effects of drought on sheep are 
high but their recovery is remarkable. The camels and cattle are much slower 
than the other species in regaining their body condition and their reproductive 
capacity with the cattle recovering somewhat faster than the camels.  
 

6.5 Grazing Management, Sources of Pasture and its Availability 
 

The grazing areas were well known traditionally and customs organized the 
manner in which they were utilized. The wet season grazing areas were set in the 
plains closer to the rivers and other major water sources. Livestock were moved 
to the hills and westwards into Uganda as the dry season extended. The 
organization of the grazing lands is well covered in the VSF Belgium report 
(2005). The report contains land use systems agreed on by the communities and 
results of negotiations between the Turkana and the neighboring tribes (Pokot, 
Karamoja and others). The pasture rich lower belt used to be the dry season 
grazing area. The Turkana grazing areas were carefully coordinated by tradition. 
The traditional grazing patterns/guidelines have been much eroded by several 
factors including modernity, insecurity, rapid population growth, poverty and 
sedentarization. 
 
Natural growth of vegetation provides fodder for pastoral animals. The vegetation 
growth requires water, which is largely lost through transpiration and evaporation.  
 
Grazing or browsing has a positive and negative effect on vegetation growth. The 
positive is akin to pruning, removing unnecessary growth to make room for more 
productive growth needed by plants for reproduction. This maintains a healthy 
vegetation cover that protects the soil from erosion thus maintaining its water 
holding capacity. The negative effects are noted when the grazing pressure is 
excessive leading to exhausted plant regeneration, eventually degrading the soils 
by leaving them bare. These effects are exacerbated by trampling of livestock 
feet. 
 
The amount of pasture available is a component of primary vegetative growth 
that depends on such factors as soil, rainfall, density of herbaceous cover, 
species composition and the land use/management (e.g. fire regime and stocking 
rates/grazing pressure). Equations exist for calculating biomass yield based on 
those factors. On average, this will depend on 2.5 to 3 kg DM/ha/year for the 
Turkana ecosystem. Only part of this yield is readily available as forage for 
livestock. This amount depends on the grazing pressure in terms of time and 
number of livestock units, and the past use of the grazing land which affects the 
status of pasture or browse. 
 
Notenbaert et al. (2006) reported an analysis of available forage in Turkana in 
respect of climate change. This report is the product of a partnership between 
ILRI and VSF-Belgium. VSF-B has worked in Turkana County over a long time. 
Their report shows that forage available for grazing varies spatially and by 
season. The northern, western, and southern fringes have relatively more forage 
over longer periods than the central and eastern sides. The Turkwel and Kerio 
river basins are an exception. Seasonally, available forage varies from one month 
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to another with very little in January, gradually increasing moving southwards, 
eastwards and northwards from the North West and South respectively, to a peak 
in April. Then it recedes backwards to decrease in September and the lowest in 
November. The Turkana grazing patterns follow season availability so well almost 
as if they had early warning systems complete with remote sensing and GIS.   
 

6.6 Social Viability of Irrigation Development 
 

Traditional pastoralism was always thought to exclude crop production. As a land 
use system, it was practiced under an extensive pastoral system and only the 
lowly despised poor grew crops mainly in the riverine and riparian environments 
where water was readily available. These same zones were used during the dry 
season by pastoralists to benefit from the riverine pasture and water. Sometimes 
the incursions resulted in conflicts as pastoralist cared little for growing crops thus 
taking them as fodder.  
 
Changing environments, increasing insecurity and populations have caused the 
proportion of poor would-be pastoralists to rise sharply. Though this increasing 
community would culturally find greater satisfaction looking after livestock, they 
subsist on crop production. Crops are produced under two separate systems. 
These are, rain-fed agriculture using drought tolerant crops mainly sorghum due 
to the unreliable rainfall pattern in the region; and irrigated agriculture using the 
rivers Turkwel and Kerio and the occasional shallow wells as water sources. The 
rivers only have sufficient water for irrigation during the rainy season.  
 
Meanwhile because of need, there are an ever increasing number of households 
that depend on crop production for livelihoods. This number is likely to continue 
increasing in the near future as the population growth rate is high (6.4 %), and it 
is not possible that sufficient numbers of livestock under current systems of 
production be reared to support them. Because of cultural bias to livestock these 
same people can readily adopt new and different livestock production systems if 
only these are workable. 
 

6.7 Potential Negative Impacts of Irrigation Development on Pastoral 
Livelihoods 

 

Land is communally owned and the Turkana practice customs that allow grazing 
on any open land. One requires a cultural permit in order to graze their livestock 
on the dry season grazing lands. They move to the uplands and less secure 
areas as the dry season progresses. As the expansion of the many small 
irrigation schemes progresses, the lowlands shall be lost to irrigation cropping 
systems. There is high demand for irrigated land and the irrigation schemes are 
the refuge for the pastoralists who lose their animal through drought, disease or 
raid thus exerting more pressure on the lowlands. 
 

6.8 Opportunities for Integrating Livestock into Irrigation Development 
 

Irrigation development can be carried out in parts of Turkana County where rivers 
Turkwel and Kerio traverse the county. It is possible to grow more than 2 crops in 
a year especially in schemes along the Turkwel river. This creates an opportunity 
for the agro-pastoralists to keep a few animals within the vicinity of the irrigation 
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scheme, which are fed with weeds as well as crop residues. The agro-
pastoralists occasionally ferry crop residues to the homestead and stack it in the 
fields. They have not yet commercialized pasture and fodder production and 
therefore animals are allowed into the scheme after harvest. The irrigation 
farmers have integrated livestock and crop farming and should be encouraged to 
integrate crop farming with fodder production, e.g. Sudan grass for making hay. 
 
The schemes are currently producing about 12,035 metric tons of grain per year, 
which may increase to 232,615.8 metric tons of grain when the potential of 
16,600 ha is fully developed with two crops per year and with good agronomic 
practices. The potential yield of crop residues will be four times the yield of grain 
and this therefore amounts 930,463.2 metric tons of crop residue. The crop can 
only provide low quality feed to 399,340 tropical livestock units. This forage intake 
is low. However, given its low quality nature, low digestibility, inadequate water 
availability and high environmental temperatures, low intake and bioavailability of 
minerals supplements and nitrogen, it is reasonable. It assumes a digestibility of 
60 % and an intake of 6.2 kg DM/day/TLU. A tropical livestock unit as described 
above is equivalent to 360 kg of a live animal(s), usually based on the most 
prestigious livestock species, cattle. This calculation is based on estimates that 
one kilo of grain yields 4 kilos of crop residues. However, for the impoverished 
pastoralist dropouts, having few livestock, feeding of crop residues can save time 
from herding, thus enabling greater effort at cultivation. 

 

6.9 Possible Irrigation Development Impacts on Livestock Production 
 

It is estimated that the irrigation potential is 16,600 ha. In summary, the irrigation 
expansion will have positive and negative consequences on livestock.  
 
The possible positive consequences include: 

 Reduction of disease incidences because of reduced flooding or cutting down 
of trees that provide habitat for disease causing vectors; 

 Provision of crop by-products and fodder for use for feeding livestock and 
hence improved drought resilience; and 

 Ready market for animal products for the increased population. 
 

The possible negative consequences include:  

 Restricted livestock movement into and out of the irrigated areas which may 
lead to conflicts between irrigation farmers and herders; and 

 Reduced area available for grazing by converting flood plains into irrigated 

land. 

 

6.10 Crop Residue for Use as Animal Feed 
 

The crops proposed for Turkana County are maize, sorghum, and pulses. A 
significant part of crop residue is already being produced in the area in form of 
maize stover. Crop residues are poor quality feeds of low palatability and unless 
need is dire, animals only eat minimal quantities. In order to address this issue 
production of high quality fodder should be included in the cropping pattern.  
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7. FINANCIAL ANALYSIS 
 

This chapter is an analysis of the current crop yields and cropping patterns in the 
irrigation schemes and the revenue generated; and analysis of scenario with 
improved irrigation management and cropping pattern and corresponding 
revenue. Two scenarios have been analysed to assess the viability of the 
irrigation development and also the sustainability of the irrigation schemes. The 
section has also reviewed the required services that are necessary in order to 
achieve the expected production levels. 

7.1 Current Situation 

 

As depicted in Chapters 2, 5 and 6, major agricultural practices in Turkana 
County are irrigated crop farming and livestock rearing with some limited rainfed 
agriculture. It is estimated that the irrigation potential of up to 16,600 hectares 
can be irrigated using water from Turkwel and Kerio rivers.  
 
Currently, about 2,666 hectares (about 913 hectares within Kerio basin and 1,753 
hectares within Turkwel basin) are irrigated. The current area under irrigation is 
supporting about 16,609 households. This amounts to 0.16 ha (0.4 acre) per 
household. From different recent studies, it can be concluded that the current 
size of holding does not provide farmers with enough food supplies.  
 

7.2 Current Crops and Cropping Patterns 
 

The major crops grown under irrigation are maize, sorghum, cowpeas and green 
grams. Maize occupies on average 75 % of the cropped area while 24 % is under 
sorghum. The farmers also have small farms under pulses mainly cowpeas and 
green grams which occupy about 1 % of the areas, and are in many cases 
intercropped with maize and sorghum. Cowpeas are also commonly grown for 
their leaves, which are used as vegetables. Production of other vegetable crops 
is limited by the long irrigation intervals that are common in most of the irrigation 
schemes. However, vegetables such as kales, tomatoes and traditional 
vegetables are produced in small proportions.  
 
Poor agricultural practices and lack of commercialization have resulted to low 
productivity and therefore low income to farmers. Table 7-1 below shows the 
current crops and productivity levels. 
 
Table 7-1: Current crops and average productivity in Turkana County (2012) 

Crop Production per ha (kg) 

Maize 700 

Sorghum 1,000 

Green grams 300 

Cowpeas 240 

Kales 4,000 

Tomatoes 8,000 
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Low productivity implies that there are little or no surpluses for sale and thus 
agricultural produce marketing is limited. Most of the food products marketed in 
the county is sourced from outside the county from areas such as Kitale, West 
Pokot, Eldoret and Marakwet (See Table 7-2). 
 

Table 7-2: Sources of Food Supplies 

Crop Source Major actors responsible 

for marketing 

Maize Uasin-Gishu, Trans-Nzoia, West 

Pokot/locally & Uganda 

Relief food agencies and 

large traders 

Beans Trans-Nzoia, Uganda & W/Pokot Relief food agencies and 

large traders 

Kales Trans-Nzoia & W/Pokot Large traders 

Tomatoes West Pokot Large traders 

Cabbages Trans-Nzoia & W/Pokot Large traders 

Onions West Pokot Large traders 

Mangoes West Pokot Large traders 

Bananas (ripe) West Pokot Large traders 

 

Table 7-3 below shows the market prices for selected produce in Turkana 
County. 

 
Table 7-3: Market Prices for Selected Crop Produce 

Commodity Unit 

(kg) 

Price 

(KSh./kg) 

National average 

(KSh./kg) 

Maize 90 50 26.3 

Sorghum 2 80 25.5 

Green grams 2 100 67.4 

Cow peas 1 40 43.7 

Kales 1 10 9.8 

Tomatoes 1 30 18.4 

(Source: Ocra study, 2012) 
 

Although market prices are high, farm gate prices are low and accessibility to 
markets is a big challenge in some areas. Additionally, production costs are low 
as it is characterized by low use of agro-inputs and minimal capitalization; 
unfortunately, this results to low productivity and consequently low gross margins 
for agricultural produce (Refer to Table 7-4 below). 
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Table 7-4: Gross Margins for Selected Crops 
 

Crop Averaged 

Production 

per Ha (kg) 

Price 

(KSh.) 

per unit 

Revenues 

(KSh./acre) 

Costs 

(KSh./acre) 

Gross 

margin 

(KSh./acre) 

Gross 

margin 

(KSh./ha) 

Maize 700 50 35,000 14,000 21,000 52,500 

Sorghum 1,000 40 40,000 16,000 24,000 60,000 

Green grams 300 50 15,000 6,000 9,000 22,500 

Cow peas 240 40 9,600 3,840 5,760 14,400 

Kales 4,000 60 240,000 144,000 96,000 240,000 

Tomatoes 8,000 100 800,000 480,000 320,000 800,000 

(Source: Agricom study, 2012)  

 

Although horticultural crops such as tomatoes and kales may have high gross 
margins, it is notable that they are rarely produced. Out of the total 2,653 
hectares, maize occupies almost 75 % of the current area while sorghum 
occupies almost 24 %. The remaining 1 % is occupied by pulses such as 
cowpeas and green grams. Using these ratios, revenues from the County are 
estimated at KSh. 145.6 million annually as in Table 7-5 below. 
 
Table 7-5: Estimates for Current Revenues 

Crop Area (ha) Gross Margins 

(KSh./ha) 

Gross Revenues 

(KSh.) 

Maize 1,984 52,500 104,183,310 

Sorghum 637 60,000 38,203,200 

Green grams 13 22,500 298,463 

Cow peas 13 14,400 191,016 

Kales 3 240,000 636,720 

Tomatoes 3 800,000 2,122,400 

 2,653  145,635,109 

Average per ha   54,895 

(Source: Agricom study, 2012)  

 
The current area under irrigation (2,666 ha, Annexes 4 & 5) is supporting about 
16,609 households, and this amounts to 0.16 ha (0.4 acres) of land holding per 
household which in turn implies that a household earns on average KSh. 8,700 
per year. This figure could even be less given that most of the produce is not sold 
but used as food for the household members. Agricultural revenues are further 
enhanced through sale of livestock in the local markets. Livestock are also used 
to barter for food produce. Livestock prices in the region are as shown in Table 7-
6. 
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Table 7-6: Livestock Prices  
 

Livestock Unit Price Range 

(KSh./Head) 

Livestock Revenue 

(KSh./Head) 

Sheep Head 3,500 – 4,000 1,000 – 2,000 

Goat Head 3,000 – 5,000 1,500 – 2,500 

Bull Head 20,000 – 30,000 10,000 – 15,000 

Cow Head 15,000 – 25,000 8,000 -15,000 

Camel Head 30,000 – 50,000 15,000 – 30,000 

(Source: Agricom study/DAO Loima, 2012) 

The number of livestock sold or traded per household in a certain year depends 
on the household needs. Livestock are also used for cultural purposes such as 
payment of dowry. 

 

7.3 Proposed Crops and Crop Area Allocation 
 

The proposed crops are based on the need to first provide enough food for the 
households and secondly to generate surpluses that can be sold and therefore 
increase household incomes. Proposed crops also consider farmers’ experiences 
and preferences, climatic conditions and the fact that most of the community 
members are agro-pastoralists as opposed to pure crop farmers.  
 
Table 7-7 presents the proposed crops for irrigation in Turkana County. 
 
Table 7-7: Proposed Crops and Crop Areas 

Crop Main crop season (100%) Second crop season (50%) 

 Area (ha) Proportion (%) Area (ha) Proportion (%) 

Maize 6,640 40 1,660 10 

Sorghum 3,320 20 - 0 

Cow peas - 0 3,320 20 

Bananas 830 5 830 5 

Mangoes 830 5 830 5 

Fodder 4,980 30 1,660 10 

Total 16,600 100 8,300 50 

(Source: Consultant computation) 

 
Maize and sorghum have been allocated the highest proportions. The proportions 
for maize and sorghum are based on their importance in providing food security 
for humans while fodder is meant for shielding animals against prolonged 
drought. Crops such as bananas and mangoes have also been proposed based 
on their potential to do well in hot climatic conditions similar to those of Turkana 
County as well as the need for increased tree cover for environmental reasons. 
Two growing seasons are proposed. This will increase the amount of land 
available for production. A cropping intensity of 150% is assumed making a total 
of 21,580 hectares per year under crop.  
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The high cropping intensity is as a result of perennial crop, which are covering 
40% during the second season. The area for the perennial crops includes 
mangoes (830 ha), bananas (830 ha) and fodder (1,660 ha). This can however 
be increased as farmers acquire more technical knowhow in irrigation.  

 

7.4 Expected Revenues 
 

The major policy objectives of any irrigation development are: 

 To increase agricultural production and enhance food security; 

 Extend cropping opportunities and provide a wider variety of crops during dry 
and wet season; and 

 To enhance poverty alleviation by targeting resource poor farmers for 
irrigation development and improved income. Revenues will be generated 
from production and sale of agricultural produce.  

 
Gross revenues are calculated as the balance of the total revenues less 
production costs particularly variable costs such as labor, cost of agro-inputs and 
mechanized services where applicable. Total revenues are a summation of the 
quantity produced, total area under production and the farm gate prices for the 
various produce. While fodder is intended to be an input in the livestock sector, it 
is here valued at the market rate for simplicity purposes. 
 
Table 7-8 presents expected benefits from increased irrigation development. 
 
Table 7-8: Expected Benefits from Increased Irrigation Development 
 

Crop Improved 

Yield 

(kg/Ha) 

Price 

(KSh.) 

per Unit 

Revenues 

(KSh./Ha) 

Production 

Costs 

(KSh./Ha) 

Gross 

Margin 

(KSh./Ha) 

Area
2
 

(Ha) 

Net Revenues 

(KSh.) 

Maize 1,800 35 63,000 25,200 37,800 8,300 313,740,000 

Sorghum 1,250 30 37,500 15,000 22,500 3,320 74,700,000 

Cow peas 445 90 40,050 16,020 24,030 3,320 79,779,600 

Bananas 50,000 20 1,000,000 400,000 600,000 830 498,000,000 

Mangoes 25,000 20 500,000 200,000 300,000 830 249,000,000 

Fodder 40,000 10 400,000 120,000 280,000 4,980 1,394,400,000 

TOTALS      21,580 2,609,619,600 

Revenues per hectare per year     120,928 

(Source: Consultant computation) 

The consultant has used the production statistics from Ministry of Agriculture 
Economic Review 2012 as the base values for yield improvement per ha. If the 
total irrigation potential was to be developed, and two seasons cropped, the total 
net revenues would increase from the current estimate of KSh. 145,635,109 to 
KSh. 2,609,619,600. The quantities produced will increase significantly in areas 
under irrigated production. Once fully developed and with good agronomic 
practices, the irrigation is capable to increase production of maize from current 

                                                           

2 Area includes both season one and season two crops 
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700 to 1,800 kg per ha and improve the yields of sorghum from the current 1,000 
to 1,250 kg per ha. 

 
7.5 Improved Food and Income Security 

 

Using per capita cereal consumption (SQE) of 135 kg/person/year, which is the 
cereal component of a 2,100 kcal ration per day (FAO/WFP), and 22 kg of 
proteins/person/year (WFP), Table 7-9 below indicates that a total of 208,560 
people can be supported from the projected yields if the total potential irrigation in 
Turkana county is developed. 

 
Table 7-9: Expected Yields and the Population that can be Supported 
 

Crop Improved average 
yield (kg/Ha) 

Area (Ha) Total yield 
(kg) 

No. of 
people 

Supported Maize 1,800 8,300 14,940,000 110,666 

Sorghum 1,250 3,320 4,150,000 30,740 

Cow peas 445 3,320 1,477,400 67,154 

TOTAL 
 

14,940 
 

208,560 

(Source: Consultant’s own computation, 2013) 

 

7.6 Sustainability, Operation and Maintenance of Irrigation Schemes 
 

Once irrigation infrastructure has been established, it requires considerable 
operational and maintenance costs. In addition to provision of food to the 
communities, production activities should be able to guarantee increased 
household incomes; part of which should be used for operation and maintenance 
of irrigation infrastructure and allow for cost recovery. Depending on the mode of 
financing and the technical aspects of implementation, different approaches of 
cost recovery can be used. These include total cost recovery, which involves 
repayment of the total project investment costs and operation and maintenance 
costs or partial costs recovery which involves repayment of either investment or 
O&M costs either in part or whole. 
 
On average, the ideal economic life for irrigation infrastructures is 30 years. 
Assuming that 14,000 ha and 2,600 ha are irrigated via gravity fed surface and 
pump fed overhead systems respectively, the total cost for implementing 16,600 
ha will be about KSh. 12.14 billion. Further, if these costs were to be annualized 
over 30 years the annual costs per hectare would amount to KSh. 44,900. If O&M 
costs alone were to be recovered, the annual costs would be approximately KSh. 
20,500 per ha. 
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Table 7-10: Cost Recovery 
 

Method Area 

(Ha) 

Average 

Costs/Ha 

(KSh.) 

O&M costs 

/Ha/yr 

(KSh.) 

O&M 

Recovery/yr 

(KSh.) 

Capital Costs 

Recovery 

(KSh.) 

Gravity surface systems 14,000 700,000 21,000 294,000,000 9,800,000,000 

Pump fed sprinkler 2,600 900,000 18,000 46,800,000 2,340,000,000 

Total costs 
    

12,140,000,00

0 
Annualized costs 

   
340,800,000 404,666,667 

Annualized cost per ha 16,600 
  

20,530 24,378 

Per ha per season 
   

10,265 12,189 

Per acre per season 
   

4,106 4,876 

(Source: Consultant computation) 

 

In comparison, the average revenue generated per hectare per year is KSh. 
54,895. This implies that even if full cost recovery was assumed, the cash flow 
generated would be more than enough as cost recovery comprises about 30 % of 
the total costs (KSh. 44,908). This share would even be lower if recovery of O&M 
costs alone is assumed at 17% (KSh. 20,530). Assuming 2 seasons per year, the 
cost per hectare per season is approximated at KSh. 22,453 and KSh. 10,265 for 
full cost and O&M cost recovery respectively or KSh. 4,876 and KSh. 4,106 per 
acre per season. 
 
However, experiences from dry areas have shown that the irrigation projects with 
infrastructure along the rivers have a life span of about 5 years, mainly due to 
flash floods which often damage the infrastructure, other than the documented 
period of 30 years. The yield per ha is also low for all the crops produced under 
irrigation. 
 
If the costs of investments were to be annualized over 5 years, the annual costs 
per hectare would amount to KSh. 155,000 for total cost recovery; of which KSh. 
140,000 will comprise recovery of capital costs. If O&M costs alone were to be 
recovered, the annual costs would amount to approximately KSh. 15,000 per 
hectare or KSh. 7,500 per hectare per season. The current estimated revenue is 
KSh. 54,895/ha/year. This is an indication that the beneficiaries cannot sustain 
the project (including cost recovery) on their own without subsidy which supports 
why most of the smallholder irrigation schemes in dry areas have collapsed. 

 

7.7 Required Support Services 
 

To ensure that farmers will be able to achieve the above benefits it is prudent that 
farmers be supported in the following areas: 

 Agronomic and extension support services; 

 Marketing support; and 
 Organizational support.  
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8. INSTITUTIONAL ARRANGEMENT FOR IRRIGATION 
DEVELOPMENT AND MANAGEMENT 

 

Ministry of Water and Irrigation (MWI) was then the technical lead agency in 
irrigation development in Turkana County.  The MWI provided technical support 
to the Ministry of Agriculture, Arid Lands Resource Management Programme 
(National Drought Management Authority), World Vision, WFP, FAO, National 
irrigation Board and other agencies in any irrigation development. The agencies 
provide technical and financial support while the farmers provide labour and 
locally available materials. In order for the irrigation scheme beneficiaries to 
contribute, the development agencies may use food for work, food for asset or 
cash for work to guarantee food for the family during the development phase.  
 

8.1 Existing Farmer-based Organization 
 

The farmers have formed Water Users’ Associations and at the same time 
developed some by-laws to guide the operation and maintenance of the 
schemes. The by-laws specify the organizational structure and the various 
organs that are responsible for proper functioning of the schemes. The schemes 
have an executive committee, scheme management committee and block 
leaders. There are also functional committees e.g. for maintenance, discipline, 
water allocation, finance, which support the scheme management in the day-to-
day operations.  
 
The other types of farmer based organization are the cooperative societies. The 
cooperative society is not well developed in the irrigation sector and so the 
functions and membership are not well defined.  
 
In many cases, outside forces (government/NGO) motivate the cooperative 
formation and therefore community ownership is lacking. At the time of the study 
there was no cooperative which was active in irrigation sector. The water users 
association are however different since the members can easily relate the 
organization with the functions. The communities have also formed livestock 
marketing associations who manage the marketing yards. 

 
8.2 Community Participation to Irrigation Development and Management 
 

The community in Turkana has participated in irrigation in different forms among 
which are as follows. 
 

 Food for work in which they are given food ration in order to do irrigation 
development work; 

 Food for asset approach whereby they develop productive infrastructure 
which shall improve their livelihoods; 

 Communities voluntarily participate in construction of irrigation canals, 
maintenance of the canals and the fencing of the scheme to keep off 
livestock; and 

 Cash for work 
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8.3 Institutional and Organizational Challenges to Irrigation Project 

Sustainability 

 

A number of community-based organizations (Water Users Association, Livestock 
Marketing Associations and Cooperatives) have been developed in the county 
without much success. In many of the cases, the organization is modeled to suit 
the objectives of the agency driving the process and in the end, there is no 
ownership. Other challenges are cases where leaders are not active members of 
the organization but they still want to be in position of leadership. Such a situation 
is common in the leadership of the Water Users Association across the county. 
Some leaders of River Water Users’ Association (RWUA) in some cases want 
also to be leaders of water users’ in areas where they do not have a plot within 
the irrigation scheme. 

 

8.4 Recommended Institutional Strengthening Interventions 
 

In order to strengthen the farmer institutions, there is need to train the 
communities on group dynamics, leadership skills and the role of the different 
organs in the organization and governance. It is recommended that formation of 
any organization should start from the grass-root so that the farmers elect leaders 
and representatives who shall in turn elect the apex body for the irrigation 
scheme. 
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9. ENVIRONMENTAL IMPACTS DUE TO IRRIGATION 
DEVELOPMENT 

 
Irrigation projects invariably change ecosystem hence the need to assess the 
pre-investment environmental conditions; determine how much change is 
acceptable to society as a whole and what counter measures should be taken to 
minimize the adverse changes. The key environmental issues considered with 
regard to irrigation in Turkana County include: 

 Hydrological alteration; 

 Water pollution; 

 Impacts on soils; 

 Clearing of vegetation; 

 Proliferation of invasive plant species; 

 Threats to wildlife and wildlife-based industries; and 

 Health impacts. 
 

9.1 Possible Negative Impacts 
 

Possible positive and negative impacts of irrigation development has been 
assessed and mitigation measures to be put in place to minimize the negative 
impacts have been recommended. 

 
9.1.1 Impact on hydrology 
 

Water withdrawal for irrigation from Turkwel and Kerio rivers will cause a 
reduction in the amount of water available to the downstream users. This may 
lead to over-abstraction of water from the two water courses as the downstream 
users exploit all the little flow that is left in an effort to meet their water demand. It 
is noted that most of the irrigation schemes along the Turkwel and Kerio rivers do 
not have water permits to abstract water. 
 

9.1.2 Water pollution 
 

Though insignificant in the area, the continued use of fertilizers may lead to an 
influx of nitrogen into the Turkwel and Kerio rivers. This will directly lead to 
eutrophication, which causes death of fish and other aquatic fauna hence 
impacting negatively on the river ecosystem. The use of agrochemicals in the 
schemes may impact negatively on the species and human populations that rely 
on Kerio and Turkwel rivers through bioaccumulation of residues and death from 
these chemicals. Farmers therefore need to be trained on the safe use of 
agricultural chemicals.  

 
9.1.3 Impact on soils 
 

The irrigation schemes along Kerio and Turkwel rivers experience salinity, which 
is in a way attributed to lack of drainage network in the schemes (see Plate 5). 
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Plate 5: Patches of Saline Soils in Napeikar Irrigation Scheme  
 

Water logging may result from overuse and, or poor management of irrigation 
water due to inadequate drainage infrastructure. 
 
River bank erosion may be caused by artificial controls at the canal intake points 
as evident in Kangalita, Morulem and Koolioro intakes. 
 

9.1.4 Clearing of vegetation 
 

Felling trees of high socio-economic importance to give room for irrigation will 
have a significant impact on the livelihood of the community. For instance, the 
Hyphaene thebaica (Doum palm) is a valuable source of livestock feed, fruit for 
human consumption and supports both the construction and the cottage industry 
(baskets, carpets) among other uses. Acacia tortilis, which is also dominant in 

this ecosystem, is also a valuable tree that provides livestock feeds.  
 

 

Plate 6: Cleared Vegetation in an Irrigation Scheme  
 
9.1.5 Introduction and proliferation of invasive plant species 

 
One of the most common invasive species in the area is Prosopis juliflora, which 
has spread and covered large tracts of undeveloped land. Its proliferation has 
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been hastened by provision of irrigation water in open conveyance and 
distribution canals. 

 
9.1.6 Threats to wildlife and wildlife-based industries 
 

The expansion of irrigated agriculture in the area is likely to have significant 
impact on wildlife and wildlife-related industries. This is because there is a 
significant number of wildlife along the flood plains including the endangered 
Grevy’s zebras, dik dik, monkeys and the elephants. For instance irrigation 
developments around the South Turkana National Reserve may therefore 
interfere with the wildlife and lead to human-wildlife conflicts since the reserve is 
an elephant migratory route.  

 

9.1.7 Health impacts 

 

Most of the irrigation schemes do not have latrines, although the farmers spend 
long hours in the field. The same case applies to settlements around the irrigation 
schemes.  
 
This may lead to serious fecal contamination of water sources due to open 
defecation around the irrigated fields. There is therefore a need to incorporate 
sanitation facilities during the design of the scheme. 
 
 

9.2 Mitigation of Potential Negative Impacts of Irrigation 
 
9.2.1 Water pollution 

 

The farmers need to be trained on the safe use of agricultural chemicals in order 
to avoid excessive use and pollution of the watercourses. Training farmers on 
eco-agricultural practices including integrated pest management and judicious 
use of agro-chemicals is essential. 

9.2.2 Over-abstraction of water resources 

 

The capacity of the Water Users Associations should be enhanced so that they 
can effectively monitor illegal water abstractions. 
 
A proper water allocation plan should be developed and adopted so that there is 
equitable water sharing even in the seasons of water scarcity. 

 
9.2.3 River bank erosion 
 

The Water Resources Management Authority (WRMA) should ensure that 
riparian areas are pegged for environmental conservation and is done in all 
irrigation schemes. 
 

9.2.4 Human wildlife conflict 

 
Identify and reserve wildlife migratory corridors in order to avoid human-wildlife 

conflicts. 
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9.2.5 Clearing of vegetation 
 

Encourage the community to reserve some areas with Acacia tortilis as livestock 
areas. Also the community should avoid felling of trees within the irrigated areas 
and preserve important species such as the Hyphaene thebaica (doum palm) and 
the Acacia tortilis, which have multiple uses within the community.  
 

9.2.6 Impact on soils 
 

The water logging in the schemes should be avoided by constructing drains to 
remove excess water and leach out salts and also establish monitoring structures 
in each scheme to prevent buildup of salts. 
 

9.2.7 Health 
 

Latrines should be constructed at strategic points within the irrigation scheme to 
dispose of human waste safely. 
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10. CONCLUSIONS AND RECOMMENDATIONS 
 

The chapter provides insight in irrigation sector in Turkana County and the role it 
may play in food security by making the following conclusions and 
recommendations. 
 

10.1 Conclusions 
 

The following conclusions have been made following the findings from the study: 
 

 Turkana County has an estimated irrigation potential of about 16,600ha, 
out of which about 2,663 ha are irrigated. The current area under irrigation 
is supporting about 16,609 households. This amounts to 0.16 ha (0.4 
acres) per household. The current size of holding does not provide 
farmers with enough food supplies. The plot size should be increased to at 
least 0.4ha. 

 

 The current agricultural practices are characterized by low use of agro-
inputs and minimal capitalization. Unfortunately, this results to low 
productivity and consequently low gross margins for agricultural produce 
and low income to farmers. 

 

 Relief food requirements for the agro-pastoralist along Kerio and Turkwel 
rivers were relatively low (10-15%) compared to the rest of the county (45-
50%) which is a clear indication of the importance of irrigation in the 
county. This situation may be attributed to irrigation along the two rivers. 

 

 It is estimated that the area has a population of 190,000 cattle, 700,000 
goats, 345,000 sheep, 195,000 camels, 43,000 donkeys and 25,000 
chickens in the year 2012. 

 

 Irrigation in Turkana County is of great assistance in securing food 
security for the impoverished or victims of cattle raids, livestock disease 
and ethnic violence. Thus, irrigation is socially acceptable to the Turkana.  

 

 The crop residues realized from grain production can support rearing of at 
least 399,340 tropical livestock units. With further irrigation of 4,980 ha of 
fodder, good productive livestock industry should be integrated in irrigation 
development. This will compensate the loss in dry season grazing 
resulting from irrigation development. 

 

 With a cropping pattern of 75% maize and 24% sorghum and cropping 
intensity of 150% crop per year a total of 159,852 households may be 
supported by irrigation. The schemes are therefore capable of supporting 
the 123,192 households living in the county with food and leaving surplus 
to be sold outside the county. 

 

 The current revenue per hectare is KSh. 54,895 and is expected to 
increase to KSh. 150,462 after adopting a cropping intensity of 150% and 
adopting a new cropping pattern. The total revenue shall also increase 
from KSh. 145,635,109 to KSh. 2,609,619,600. The development cost for 
the 16,600 ha is estimated at KSh. 12,140,000,000 and with consideration 
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of a project life of 30 years the annual cost per hectare is KSh. 44,900. 
The expected revenue is far much more than the annual cost thus 
justifying investment in irrigation in Turkana County. 

 

 Experiences from dry areas have shown the following: 
o That the irrigation projects with infrastructure along the rivers have a 

life span of 5 years because of flash floods other than the documented 
period of 30 years; and 

o The yield per ha is low for all the crops produced under irrigation with 
the current annual revenues of about KSh. 54,000 per hectare. 

 

 If the costs of investments were to be annualized over 5 years to consider 
the sustainability of the irrigation projects, the annual costs per hectare 
would amount to KSh. 155,000 for full cost recovery; of which KSh. 
140,000 will comprise recovery of capital costs. If O&M costs alone were 
to be recovered, the annual costs would amount to approximately KSh. 
15,000 per hectare or KSh. 7,500 per hectare per season. The current 
annual revenues are about KSh. 54,000 per hectare which is far much 
below the full cost recovery. Therefore beneficiaries cannot sustain the 
project on their own without subsidy which supports why most of the 
smallholder irrigation schemes in dry areas have collapsed overtime. 

 

 The farmers use acacia ponds harvested from the riverine forest to feed 
their livestock and this will be negatively affected with the expansion of the 
irrigation as more of the riverine forest shall be cleared in order to give 
room for irrigation.  

 

10.2 Recommendations 

 
The following recommendations have been made in order to explore irrigation 
potential in Turkana County and to implement sustainable irrigation systems with 
minimal negative environmental and social impacts: 

 

 Farmers should be encouraged to embrace modern business approach to 
agriculture by using the necessary inputs such as appropriate seed and 
use of fertilizers. This will ensure profitability and therefore self-sustaining 
irrigation projects. Irrigation development should therefore include other 
services such as extension, input supply and marketing in order to 
improve productivity and increase farmer income and enhance 
sustainability. 

 

 Investment in capacity development of the communities in areas that are 
important to irrigation namely technical, financial and organizational 
capacities. 

 

 Considering the importance the Turkana attach to livestock, there is need 
to integrate livestock into the farming systems by fencing the irrigation 
schemes, providing watering points as well as extension advice on fodder 
production and conservation during the design and costing of the irrigation 
projects. 
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 There is need to conserve some woodlots of Acacia tortilis along the river 

in order provide forage for the livestock which are always around the 
irrigation schemes, in particular sheep and goats. 

 

 Irrigation development will mainly be done on the area along the rivers 
thus denying the livestock access to the river. In order to avoid conflicts 
between agro-pastoralists and the pastoralists, some corridors within the 
scheme should be left for the livestock to have access to the river. 

 

 There is also need to avoid irrigation development in areas which are 
migratory routes for the wildlife such as the elephant. 

 

 The water users’ associations are generally weak and poorly developed 
and do not have capacity to manage their irrigation schemes and therefore 
require strengthening. 

 

 Incorporation of flood protection in irrigation project design to secure the 
investments incurred in irrigation infrastructure development. 

 

 Investment in collection, maintenance and dissemination of hydrological 
data through rehabilitation and revival of non-operational river gauging 
stations as well as installation of new gauging stations where none exist to 
aid in planning for water resource abstraction and management. The 
Water Resources Management Authority should come up with an 
integrated water allocation plan to ensure equitable sharing of available 
water along the riparian counties within the Turkwel and Kerio rivers 
basins. 

 

 Any significant irrigation development in Turkana County and indeed other 
parts of the country will have to include investment in water harvesting and 
storage and use of efficient technologies. 

 

 Further study on the livestock carrying capacity along the riverine areas so 
that the returns from livestock production can be compared with the 
returns from irrigation, especially on small-scale irrigation projects which 
are growing food, horticultural and fodder crops. 

 

 Land use planning and development of county and, where necessary 
inter-county and national master plans that designate areas for specific 
land uses to reduce resource use-induced conflicts. 

 

 Implementation of good irrigation practices to minimize degradation of the 
environment, including pollution. 

 

 Irrigation projects invariably change ecosystems regimes (e.g. South 
Turkana National Reserve) hence the need to assess the current 
environmental conditions, determine how much change is acceptable to 
society as a whole and the counter-measures that should be taken to 
minimize the adverse changes. Development and enforcement of 
Environmental and Social Impacts Assessment (ESIA) and 
implementation of Environmental and Social Management Plans (ESMP). 
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 Regular participatory environmental audits to monitor any changes in the 

various environmental variables and to put in place timely corrective 

measures. 



Opportunities and Threats of Irrigation Development in Kenya’s Drylands  

Volume VI: Turkana County Final Report             2013      45                                                                                                                                                      

ANNEXES 

Annex 1: List of People Met 

Turkana 

 Name Institution 

1 Dr. Rono FAO Turkana-crops 

2 Maina Kibata FAO Turkana- livestock 

3 Mark Lokaito National Drought Management Authority 

4 Kerine NEMA Turkana 

5 Dr. Mutai DVO Loima 

6 Kiptanui Kiprotich DLPO Turkana East 

7 Siele DAPO Turkana South 

8 Mr. Kemboi DLPO Turkana North 

9 Dr. Orienda  DVO Central 

10 Asena 
District livestock marketing Turkana 

Central 

11 Barack WRMA Lodwar 

12 Tonui DIO Loima  
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Annex 2: Soil Quality Data 

 

 Lab. No/2012 Morulem soils fertility results 

Area 
Block 

1 

Block 

2 

Block 

3 

Block 

4 

Block 

5 

Block 

6 

Block 

7 

Block 

8 

Demo 

plot 

Soil Ph 7.87 7.98 8.27 7.86 7.91 7.54 7.72 8.06 7.54 

Total Nitrogen 

% 
0.02 0.03 0.01 0.02 0.05 0.06 0.02 0.02 0.06 

Org Carbon % 0.30 0.26 0.10 19.81 0.14 0.56 0.21 0.22 0.56 

Phosphorus 

ppm 
3.43 1.23 1.13 1.40 2.83 4.87 2.10 1.93 4.87 

Potassium 

me% 
0.21 0.41 0.24 0.35 0.55 0.49 0.47 0.66 0.49 

Calcium me% 18.17 16.70 6.70 11.33 12.57 19.90 16.83 19.17 19.90 

Magnesium 

me% 
2.33 3.61 1.57 3.32 3.13 4.75 4.09 4.39 4.75 

Manganese me 0.47 0.77 0.42 0.85 0.80 0.67 1.14 0.82 0.67 

Copper ppm 4.50 5.65 4.97 3.74 5.42 5.34 5.07 4.95 5.34 

Iron ppm 96.73 68.63 57.83 51.30 39.53 76.10 53.63 56.13 76.10 

Zinc ppm 4.14 5.73 2.18 1.35 3.85 3.86 3.41 3.04 3.86 

Sodium % 0.64 0.59 0.55 0.75 0.72 1.03 0.88 1.03 1.03 

Elect. Cond. 

mS/cm 
0.16 0.10 0.06 0.18 0.15 0.29 0.16 0.17 0.29 
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Kapelibok 

Area/Block  the units 

are correct 

Napelech Lopungurei Kareng Naoyawoi Natimonoit Naperech 

Nakalale 

Block  

7 -1 

Nakalale 

Block  

7 -2 

Nakalale 

Block  

7 -3 

Nakalale 

Block 

 8 -1 

Nakalale 

Block  

8 -2 

BM 7 

Soil pH 7.69 7.65 8.13 7.59 8.11 7.63 7.78 7.27 8.01 7.56 6.92 7.54 

Total nitrogen % 0.07 0.063 0.05 0.07 0.05 0.08 0.08 0.08 0.09 0.05 0.09 0.04 

Organic carbon % 0.48 0.45 0.15 0.46 0.23 0.41 0.82 0.59 0.7 0.25 0.79 0.21 

Phosphorous ppm 3.63 3 3.4 3.7 3.56 3.83 12 5.8 5.37 3.77 7.1 5.67 

Potassium me % 0.72 1.03 0.79 1.09 1.79 1.01 1.67 1.12 1.39 0.73 1.04 0.89 

Calcium me   % 17.26 19.8 13.6 11.86 17.6 18.53 22.8 17 22.13 9.53 15.4 7.63 

Magnesium me % 6.16 5.08 7.06 5.69 6.63 6.48 6.51 6.17 4.87 6.41 6.37 2.33 

Manganese me % 0.92 0.72 0.44 0.72 0.43 0.61 0.44 0.69 0.47 0.47 0.77 0.63 

Copper ppm 1.84 1.98 1.23 1.8 1.26 2.37 2.57 2.36 2.75 2.04 2.63 2.71 

Iron ppm 59.26 59.53 30.3 53.06 30.4 67.5 39.73 59 54 39.07 58.53 66.5 

Zinc ppm 1.8 1.74 1.25 1.86 2.1 1.84 3.76 2.44 3.33 1.87 8.16 4.07 

Sodium me% 0.93 1.04 0.53 0.62 0.97 1.23 2.3 1.28 1.34 1.06 1.03 0.47 

Ec ms/cm 0.26 0.19 0.21 0.4 0.34 0.27 1.55 0.52 0.27 0.66 0.31 0.11 

 Reference: Feasibility study for the Rehabilitation of Kapelibok irrigation scheme and Feasibility study for the Rehabilitation of Morulem irrigation 

scheme by Agricom consultants, 2012 
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Annex 3: Crop Water Requirement Analysis 
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Annex 4: Irrigation Schemes along Kerio river 

 Name of 

Scheme 

District  AUI 

(Ha) 

Pot 

(Ha) 

No. of 

Farmers 

Crops 

Grown 

Current Status and 

Required 

Intervention 

1 Lokubae Turkana 

East 

400 800 2000 Maize 

sorghum 

cow peas, 

green grams 

Clearing of Prosopis 

by NIB; Rehabilitation 

of structures by 

USADF 

Major flood protection 

is a priority 

 

2 Elelea Turkana 

East 

60 480 1200 Maize 

sorghum, 

cowpeas, 

green grams 

Operational 

Experience water 

shortage 

3 Morulem Turkana 

East 

453 800 3000 Maize 

sorghum, 

cowpeas 

NIB is spending KSh. 

60 million to construct 

new intake and 

expand the scheme. 

USADF is 

rehabilitating the old 

intake and lining over 

2km of the main canal 

 Total  913 2,080 6,200   
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Annex 5: List of Irrigation Schemes along Turkwel river 

 Name of 

Scheme 

District  Area 

Under 

Irrig. (ha) 

Pot. 

(Ha) 

No. of 

Farmers 

Crops grown Current status and required intervention 

1 Kalemunyang Loima  100 320 900 Sorghum, maize, cow 

peas 

Construct water storage, improve infrastructure 

2 Kangalita Loima 104 400 500 Sorghum, maize, 

cowpeas 

FAO and NIB are supporting rehabilitation and 

expansion of the scheme 

3 Kabulokor  Loima 120 300 600 Sorghum, maize, 

cowpeas 

Being expanded by NIB 

4 Nanyee Loima 40 80 616 Sorghum, maize, 

cowpeas 

Construct water storage, improve infrastructure 

5 Turkwel  Loima 45 75 275 Sorghum, maize, 

cowpeas 

Construct water storage, improve infrastructure 

6 Nakamane  Loima 120 160 600 Sorghum maize, 

cowpeas 

Farmers training, construct water storages 

7 Koolioro  Loima 50 0 300 Sorghum maize, 

cowpeas 

Survey and design  

8 Namoru  Loima  0 160  Under development Investigations  

9 Kaitese  Loima 30 160 350 Sorghum, maize, 

cowpeas 

Farmers training, construct water storages 

10 Naotin/kak  Turkana 

Central 

20 120 80 Sorghum, maize, 

cowpeas 

Farmers training, construct water storages 

11 Naipeikar  Turkana 

Central 

60 120 500 Sorghum, maize, 

cowpeas 

Farmers training, construct water storages 

12 Napak Loima 40 40 217 Sorghum, maize, 

cowpeas 

Infrastructure to be rehabilitated with USADF 

funds 
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 Name of 

Scheme 

District  Area 

Under 

Irrig. (ha) 

Pot. 

(Ha) 

No. of 

Farmers 

Crops grown Current status and required intervention 

Require major flood protection works 

13 Moruese Loima 40 240 400 Sorghum, maize, 

cowpeas 

Farmers have constructed two temporary 

intakes 

14 Lokipetot  Turkana 

Central 

30 140 400 Sorghum, maize, 

cowpeas 

Farmers training, construct water storages 

15 Naoros  Turkana 

Central 

60 119 414 Sorghum, maize, 

cowpeas 

Designs and improve water storage 

16 Lobolot Turkana 

Central 

0 28 

 

Under development  

 

17 Nadapal Turkana 

Central 

10 140 600  Flash water protection banks and water storage  

18 Kaputiro Turkana 

South 

16 33 160 Sorghum maize, 

cowpeas 

Operational 

19 Loyapat Turkana  

South 

18 85 92  Not operational 

20 Katilu  Turkana  

South 

200 400 687 Sorghum maize, 

cowpeas 

NIB is rehabilitating and expanding the scheme 

21 Lokapel Turkana  

South 

80 200 400  Traditional farmer irrigation 

Need design and improvement 

22 Kapelibok  Turkana 

South  

100 200 600 Sorghum maize, 

cowpeas 

Require major flood protection works 

Rehabilitation being supported by USADF 

funds 

23 Naoregae Turkana 

South  

20 20 260  Traditional farmer irrigation 

Need design and improvement 
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 Name of 

Scheme 

District  Area 

Under 

Irrig. (ha) 

Pot. 

(Ha) 

No. of 

Farmers 

Crops grown Current status and required intervention 

24 Nakwamoru  Turkana 

South 

100 100 200  Need  rehabilitation 

25 Juluk  Turkana 

South 

120 320 200 Maize sorghum, 

cowpeas, green grams 

Operational 

26 Juluk 

extension 

Turkana 

South 

0 200 250  Traditional farmer irrigation 

Need design and improvement 

27 Lomopus Turkana 

South 

36 120 126 Maize sorghum, 

cowpeas, green grams 

Operational 

28 Angarapat Turkana 

South 

40 40 182 Maize sorghum, 

cowpeas, green grams 

Traditional farmer irrigation 

Need design and improvement 

29 Kangitonikori Turkana 

South 

44 100  Maize sorghum, 

cowpeas, green grams 

Traditional farmer irrigation 

Need design and improvement 

30 Simailele Turkana 

South 

100 200 500 Maize sorghum, 

cowpeas, green grams 

 

Total 1,753 4,620 10,409   
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