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INTRODUCTION & BACKGROUND 
Wajir County is located in the North Eastern of Kenya covering an area of 56,686 Km2. It borders Somalia, 
Ethiopia, Mandera County, Isiolo Marsabit County and Garissa County. The county is ranked as the third 
most marginalised county in Kenya with a poverty rate of 84%. Access to basic services including 
infrastructure, education and health are below the national average.  

The main livelihood activity in the county is livestock production. The total arable land in Wajir County is 
estimated 102,400 hectares (Ha), yet farming practices are negligible with most farmers engaged in nomadic 
pastoralism. Only around 3,823 Ha are used for crop production. Setbacks to crop production include; 
reliance on relief food, inadequate technical support (extension), inaccessibility of markets especially by 
farmers, costly farm inputs and inadequate unreliable rains. Owing to the climatic conditions in Wajir, rain 
fed agriculture is not viable and priorities are being given to increasing investment in irrigation to improve 
crop production. In addition, emphasis on value addition in the production and supply chain is also being 
emphasized.  

Currently, the limited agricultural production in the county is based on irrigation using ground water sources 
(shallow wells and boreholes). The main crops grown on a small scale basis include horticultural crops and 
pasture for livestock. Challenges to irrigated agriculture include; lack of good quality water, poor 
infrastructure, unsuitable soils (in some areas), and lack of beneficiary capacity in irrigation management.  

In November 2015, Crop Nutrition Laboratory Services Ltd (CropNuts) tested water samples for irrigation 
use from 3 sites in Wajir County. The test results indicated that the water samples had high salinity levels 
which were considered harmful for irrigation use. Since then, various exchanges and meetings about the 
test results have taken place and more soil and water exploratory tests have been proposed to provide a 
better understanding of soil and water for irrigation development. The results from the exploratory study 
being proposed will provide a better understanding on key irrigation parameters and inform the concerned 
parties’ on suitable strategies to be implemented  to guide irrigation development in the county 

The proposed study is in line with the objectives of SDC`s support in Wajir county, particularly in the 
development of Agricultural value chains, under the SDC food security domain. The assignment covered 
under this ToRs mainly include the provision of support for the testing of both soils and water as well as 
technical advice to the county government regarding irrigation development.  
 

Important facts 
Projected population (2017) – 800,000 people 
Estimated annual evaporation – 2000-2300 mm per year 
Estimated average rainfall - < 250 mm 
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Specific Objectives of the Study 
1) At the time of taking the water and soil samples, CropNuts presented comments on the initial water 

quality test results from Shalata Farm, Alimou and Makoro farms from an irrigation suitability and 
domestic suitability point of view. 

2) To take soil and water samples from 10 agricultural sites scattered around the town and analyse 
water for domestic and irrigation suitability and soil for agricultural suitability and free lime. 

3) To test the water from three additional sites a) domestic well in the town, b) shallow well and 
borehole at Griftu. 

4) To write a report outlining the findings above. 

 

This report is to serve as a starting point for further investigative studies into the potential for irrigated 
agriculture in Wajir.  This report should comment on suitability of shallow well water for domestic use and 
measures to improve quality. 

 

Hydrogeological Setting in Wajir 
The geology of Wajir Town is characterised by Quaternary sediments which underlie more than 50% of Wajir 
District.  The sediments consist of a thin layer of loose course sand with a thickness of 0.5-1.0 m and are 
underlain by jointed limestone with an average thickness of 15m.  The jointed limestone is underlain by 
weathered limestone which is about 10 m thick and intercalated with clay lenses.  The weathered limestone 
is underlain by a sandy clay bed with a thickness of more than 150 m.  A lens of coarse sand at between 100-
120 m constitutes an aquifer which has been tapped by deep boreholes. 

The annual rainfall is very low (<250 mm) and the evaporation is very high (2300mm), the high permeability 
enhanced by the loose coarse sands, sinkholes and open continuous joints in the limestone beds has greatly 
improved groundwater recharge in the shallow aquifer.  However groundwater recharge in the deeper 
aquifer is limited by the poor permeability of the weathered limestone bed. 

Main constraints associated with the deep aquifer include caving in of the sandy soils and cost of drilling, 
low borehole yields and high salinity. 

As a consequence the people of Wajir Town have resorted to shallow wells, at a depth of 10-15m, that are 
easy and economical to dig and water yields are sustainable throughout the year. 

(Information taken from “The impact of urbanization on groundwater quality in Wajir Town, Kenya, Gabriel 
M Mailu, Ministry of Research, Technical Training and Technology 1997) 

 

Ground Water quality 

Groundwater quality depends on composition of the soil through which the water infiltrates, what the water 
travels through and what is on the soil surface.  It is affected by contamination from surroundings.  It is 
affected by the quality of the water that infiltrates into the ground, rainwater is clean, surface water may be 
contaminated, and can be subject to evaporation which concentrates the salts.  The retention time of the 
groundwater in the system plays an important role in quality, if the water moves out of the system and is 
replenished by clean water, then salt build up is avoided. Groundwater composition is affected by human 
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polluting activities, which include agriculture, livestock, industrial and domestic activities. Shallow aquifers 
suffer the most.  The shallow aquifer in Wajir is 10-15m deep and the water infiltrates through coarse media 
that does not ‘clean’ the water.  It is a very fragile system that is highly susceptible to pollution by 
urbanization. 

 
Wajir from Google maps. 

The ‘white’ areas are low points where there is no topsoil and the limestone underlay is exposed.  These 
areas act as ground water recharge for rain.  They are more numerous in the south east. 

 



                                                            
 

CROP NUTRITION LABORATORY SERVICES LTD, SDC, WAJIR SOIL AND WATER REPORT PAGE 5 
 

 
A waterhole south of the town. 

Surface water may be due to lower ground levels, and exposing the shallow aquifer to the surface.  
Waterholes like this are very susceptible to high evaporation (annual evaporation >2300 mm), which would 
concentrate the salinity in the water.  The waterholes should be protected from direct livestock access to 
prevent nitrates building up in the ground water.  The trees around the waterhole are a good thing – to 
reduce evaporation and nitrates.  The effect of livestock activity in the area can be seen by the surface 
colours.  In the pale areas the brown topsoil has been eroded away.   
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Googlemaps photo of Wajir Town from the air.   

On the soil east side of the town near Wajir High School  (pale surface colour) harvesting of limestone for 
building is creating holes in the surface that act as ground water re-charge areas.  These areas are very 
sensitive to pollution and should be protected from human and livestock waste.   

 

 

A full water quality map with surface activity is recommended to identify and remedy source of salts in the 
ground water. 
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WAJIR DOMESTIC WATER SUITABILITY 

Water samples were collected on Thursday 11th February in Wajir from 10 shallow agricultural well, one 
domestic well inside the town and a shallow well and deep borehole from Griftu – further out of town.  They 
were tested for basic drinking water suitability from a chemical point of view.  No analysis was performed 
for microbial parameters. 

The full analysis for each water source, processed for domestic suitability is sent as an attachment to this 
report. 

Water source pH EC Ca Na Nitrates B Chlorides Bicarbonate F Hardness Silicon  Turbidity
mS/cm ppm ppm ppm ppm ppm ppm ppm ppm ppm NTU

Sample 1 Allahs Farm 7.59 2.59 179 123 174 0.67 524 238 0.71 797 55.7 1.26
Sample 2 Nurein Farm 7.63 3.73 202 301 223 1.49 814 326 1.16 997 59.3 20.4
Sample 3 Dugow Haad 7.6 4.09 213 324 366 1.57 858 325 1.03 1050 49.5 1.53
Sample 4 Makoruro Mungano Farm7.35 2.09 110 175 203 1 345 304 1.12 519 54.5 1.9
Sample 5 Moulid Muktar 7.53 2.24 107 177 197 1.2 394 306 1.08 511 55.6 1.78
Sample 6 Bagad Rasmi-Mukha 7.55 3.19 191 234 286 1.26 608 327 0.98 881 54.8 0.88
Sample 7 Al Maaruf Bangal 8.11 2.06 114 153 264 0.88 360 274 1.01 562 57.9 1.62
Sampe 8 Farm B 8.03 2.89 178 224 293 1.2 537 308 1.01 888 58 0.92
Sample 9 Abobo Farm 7.8 2.44 139 203 210 1.14 459 307 1.07 682 57.6 2.55
Sample 10 Mwangaza Farm 7.56 4.79 271 344 500 1.17 1080 233 1.09 1400 56.9 2.7
Domestic Well Water 7.87 1.93 111 166 230 0.91 314 255 0.86 483 54 1.02
B/Hole Griftu 8.43 1.02 8.75 139 48.3 1.97 41.9 324 1.78 162 40.2 0.78
Shallow Well Griftu 7.95 1.05 14.6 92.6 108 0.94 49.7 391 3.37 301 50.1 0.68
Max 8.43 4.79 271 344 500 1.97 1080 391 3.37 1400 59.3 20.4
Min 7.35 1.02 8.75 92.6 48.3 0.67 41.9 233 0.71 162 40.2 0.68
Average 7.8 2.6 141.4 204.3 238.6 1.2 491.1 301.4 1.3 710.2 54.2 2.9  

Summary Table of Domestic Water Properties (Feb 2016) 

The basic requirements for potable water for drinking are that it should be free from pathogenic, disease 
causing organisms, contain no chemicals that have an adverse or long term effect on human health, fairly 
clear with low turbidity and colour, not saline, containing no compounds that cause an offensive taste and 
smell and not causing encrustation of the water supply or staining clothes.  Surface waters, and often shallow 
aquifers rarely meet these requirements without further treatment. 

The water from all the samples was clear and without odour.  The water is alkaline, saline, contains high 
nitrates and is very hard.  The water is not suitable for human consumption in this state.  The very high levels 
of nitrates suggest a very high risk of fecal contamination.  The water should be regularly monitored for 
chemical quality and water borne diseases.  Additional tests required to get a baseline level risk assessment 
for the shallow well aquifer include Pesticide Residue Analysis (in view of the fact that pesticides were stored 
inside the town limits and might have leaked) and Heavy Metal Analysis.  The scheduling and type of analysis 
required for domestic water in Kenya is outlined by KEBS and NEMA, and summarized in the table below 
against the parameters measured. 
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KEBS NEMA

Parameter Max Min Average KS 05-459 2nd Schedule

pH 8.43 7.35 7.8 6.5-8.5 6.5-8.5

EC 4.79 1.02 2.6

TDS 2395 510 1300 1500 1200

Ammonium 0.11 0.02 0.1 0.5 0.5

Calcium 271 8.75 141 250

Magnesium 176 34.1 87 100

Potassium 47.2 18.9 29.6

Sodium 344 92.6 204 200

Nitrate NO3 500 48 239 10

Phosphorous 0.21 0 0

Sulphate SO4 165 65 114 400

Iron 0.075 0.014 0 0.3

Manganese 0.09 0.015 0 0.1

Zinc 0.15 0.011 0 5 1.5

Copper 0 0 0 0.1 0.05

Boron 1.97 0.67 1.2

Chloride 1080 41.9 491

Bicarbonate 391 233 301

Flouride 3.37 0.71 1.3 1.5 1.5

Hardness 1400 162 710 500

Molybdenum 0.013 0 0

Silicon 59.3 40.2 54.2

Turbidity 20.4 0.68 2.9 5  

Parameters tested in the water vs KEBS and NEMA Standards 

Nitrates Hazard 

Of highest concern for the drinking water are the nitrates, which are well above WHO, KEBS and NEMA 
maximum guidelines.  The levels pose a serious health hazard to the WAJIR community.  Nitrate levels at or 
above 10 ppm have been known to cause a potentially fatal blood disorder in infants under 6 months called 
methemoglobinemia or blue baby syndrome.  The symptoms are subtle and can often be confused with 
other ailments.  An infant with mild to moderate blue baby syndrome may have vomiting, diarrhea and be 
lethargic.  In more serious cases infants will start to show obvious symptoms of cyanosis, with skin, lips and 
nail beds turning grey blue.  Infant baby formula should not be mixed using this water, and breast feeding 
infants to > 6 months should be encouraged. 

Other people at risk include pregnant women, underweight children, individuals with reduced gastric acidity 
and individuals with a hereditary lack of gastric reductase.   

In addition some health studies have suggested that exposure to high levels of nitrates could lead to some 
forms of cancer.  The results are in-conclusive and research is ongoing. 

High levels of nitrates are often associated with high levels of nitrites – these pose a more serious health risk 
and international recommended limits are 3 ppm.  The nitrite levels in the water need to be tested. 
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There is no easy way to treat high nitrates in water, the methods that work include distillation, reverse 
osmosis and selective ion exchange.  These methods are expensive and have very high input and energy 
requirements.  It is cheaper to protect the water from the source of the nitrates and/or to look for an 
alternative drinking water source. (eg deep borehole Griftu).  

The sources of the nitrates should be identified and dealt with.  Nitrates come from fertilizer application, 
human and livestock waste and decaying plant material.  The water from the shallow well in Griftu has the 
lowest nitrate levels of the shallow wells.  It is a long way out of town, and therefore not affected so much 
by urbanization. The level of nitrates here at 108 ppm, is still double the maximum recommended WHO 
limit, and 10X KEBS and NEMA standards.  The water from the deep borehole at Griftu has the lowest nitrate 
concentration at 48 ppm, which only just complies with the WHO limit of 50 ppm.  This suggests that the 
nitrates are not accumulating in the deep aquifer at the same rate as the shallow aquifer.  Water for human 
consumption could therefore be sourced from the deeper aquifer, and tested for both chemical and 
biological parameters, and for reverse osmosis suitability.  The levels of silica in the shallow well system (>50 
ppm) mean that the water has to be pre-treated to remove the silica before reverse osmosis, because it will 
block the membranes.  The water from the deep water aquifer is more suitable for reverse osmosis with a 
lower silica level of 40 ppm.  Cropnuts has a specific test for reverse osmosis suitability. 

Wells should be separated from possible sources of nitrate contamination including leaching and surface 
drainage.  Livestock waste should not be allowed to build up on the soil surface anywhere near the town, 
wells and waterholes.  It should be collected and used for agriculture, where the plants will benefit from and 
absorb the nitrates.  Soluble chemical nitrate use as a fertilizer should be discouraged.  There are ample 
nitrates in the water and the livestock waste for agriculture.  Unused wells should be sealed and existing 
wells that are in use should be protected with well casings and sanitary seals (this practice was in progress 
when I visited the Town).  Quaries and waterholes should be protected.  Pit latrines should be discouraged, 
they are often the same depth as the shallow wells, with a high chance of human waste going directly into 
the aquifer.   

Salinity and sodium in domestic water 

The sodium levels and salinity are very high in all water samples.  There is no official WHO ML for sodium. 
Levels over 200 ppm will affect the taste of the water.  The total dissolved solids (TDS) in most water samples 
tested were above the KEBS and NEMA Standards.  High levels of salts in water will lead to increased 
hypertension.  Sodium and salty water can irritate the gastrointestinal tract which in turn makes humans 
more susceptible to carcinogenic agents.  Sick humans, especially children, who are suffering from de-
hydration should not be given this water to drink.  High salt levels in drinking water are not recommended 
for people with kidney disorders.   

The processes recommended for nitrate treatment will also reduce salinity and sodium. 

Hardness in Domestic Water 

In all samples the water had very high hardness and calcium and magnesium.  These levels will affect water 
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pumps, pipes and sanitary fittings dramatically, causing scaling, furring and blockage.  The high levels of 
carbonates also reduce foaming ability of soaps and detergents, with a consequence that much more are 
used.  The use of plastic piping will reduce the scale build up in the pipes. 

Hardness can be treated by water softening to remove the calcium and magnesium. 

A small amount of hardness in water has health benefits, but long term consumption of high hardness water 
has been associated with cardiovascular diseases.   

 

Waterhole in Wajir District from the Air 
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IRRIGATION WATER AND SOIL SUITABILITY 

The main purpose of this study was to look into the suitability of the water for irrigation and its effect on the 
soil.  The individual water and soil test results are attached separately.  The water is very hard and saline 
with very high EC and high bicarbonates, and well as some individual ion levels that would have toxic effects 
on the plants (sodium, boron and chlorides).  The soil is sandy with a low CEC and low organic matter levels. 

The soil analysis have been processed and recommendations have been given for Sudan grass.  When 
considering the suitability of the soil and the water for certain crops one must also take into account the 
climate and the water requirements for the crop.  The water has a high salt load and every litre of irrigation 
will cause salt build up and liming of the soil.  Crops with a high water requirement will have a more negative 
effect on the soil.  One must also look at not just the water quality but also the water availability.  WRMA 
give strict guidelines on water use in Kenya.  Proper pumping tests and studies into aquifer recharge should 
be done before large scale irrigated agriculture is promoted in this area.  A large human and livestock 
population is relying on this water. 

The high bicarbonate levels in the water are building up in the irrigated soil creating free lime, which affects 
the soil structure, water infiltration, and nutrient availability to the plants.  All these effects were seen in the 
field.  Most farms grow one successful crop on an area of soil, before having to move to another area of the 
plot due to crop failure.  Sometimes this ‘used’ soil is left alone for a few years when there is no land 
pressure, before being used again.  On some farms the soil is planted with grass after irrigated cropping.  
One farmer actually dug up all his soil and replaced it with new soil.  This is very expensive.  This 
demonstrates that the water is not suitable for long term use as irrigation water, without treatment, as it is 
destroying the soil. 

The high hardness reduces the life span of pumping equipment and causes scaling and blocking of pipes.  
Maximum life span of the water pumps in use were 6 months- 1 year, before the pumps had to be replaced. 
This greatly increases the cost of agriculture in the area.  

Certain agricultural practices were more successful than others.  Observations are as follows:- 

1) Plastic greenhouses were not effective, and all greenhouses seen in the area had been abandoned.  
Temperatures in the greenhouses get too high for agricultural production AND the increased 
temperatures result in increased evaporation, resulting in a rapid buildup of salts in the soil and 
destruction of soil fertility. 

2) Shade-net houses.  Crops growing inside the shade-net houses were doing well, and much better 
that crops outside.  This is due to lower growing temperatures, lower evaporation, less salt build up 
and much less insect pest pressure.  This practice goes a long way towards long term sustainability 
of agriculture in the area. 

3) Mulching.  There is heavy competition for vegetative matter in the area between agriculture and 
livestock.  However the farms that were practicing mulching had much better looking plants and the 
farmers were able to grow crops in the same place for longer.  The reduction in evaporation reduces 
the salt build up in the soil.  The mulching breaks down to improve the soil properties (increased 
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carbon and organic matter). 
4) Irrigating in the early morning or at night greatly improved the way the crops looked and grew.  This 

practice is highly recommended to reduce evaporation in the hottest time of the day, and reduce the 
effect of salt build up in the soil. 

5) While drip irrigation is recommended as an agricultural practice to increase water use efficiency and 
reduce evaporation it will not be effective in Wajir with the very hard water.  One drip project was 
seen and this had been abandoned due to blocked drippers. 

6) Tree planting and windbreaks (living fences) – the farms that had conserved the existing trees or 
planted new trees had much better crops.  The trees provided shade, cooling the area and reducing 
evaporation from the soil, shaded the crops and provided mulching material.   

7) All farms used plastic pipes, a system developed from trial and error.  Plastic pipes don’t scale up and 
block so quickly and they keep cooler in the hot sun. 

8) On most farms flood irrigation was the norm.  This is recommended with saline water to keep the 
salts flushing through the soil profile and out of the root zone.  One farm (Nuriem) had developed an 
ingenious system of ‘drip’ irrigation using 2 inch PVC piping, the farm is young and this system should 
be monitored for success. 

9) The last farm, Mwangaza Farm Group, collected farm waste that had been dumped on the side of 
the road, composted it in a closed system, with polythene underneath to prevent leaching of the 
nitrates, and used this on their crops.  They were the only farm successfully growing sukuma wiki. 

10) Wajir has very high day and night temperatures.  Insects breed faster in high temperatures and this 
high insect pressure should be an important consideration when selecting crops. 

 

Failed beans at Mungano Farm – 2nd crop in the same soil 
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Summary of Irrigation Water Results 

Water source pH EC Ammonium Calcium Magnesium Potassium Nitrates Sulphate
mS cm -1 ppm ppm ppm ppm ppm ppm

Alaas Farm Lambib 7.59 2.59 < 0.01 179 85.3 23.5 174 65.3
Nurein Farm Lambib 7.63 3.73 0.075 202 120 35.1 223 158
Dugow Haas Wagberi 7.6 4.09 0.017 213 127 35.2 366 165
Mungano Farm Makoror 7.35 2.09 < 0.01 110 59.6 29.9 203 89.9
Moulid Muktar Makoro 7.53 2.24 0.11 107 59.3 22.3 197 106
Rasmi Farm Bangal 7.55 3.19 0.06 191 98.4 34 286 138
Al Maaruf Bangal - new 8.11 2.06 < 0.01 114 67.6 26.4 264 79.4
Al Maaruf Farm B Bangal 8.03 2.89 < 0.01 178 108 37.2 293 126
Abobo Farm Barwago 7.8 2.44 < 0.01 139 81.6 29.3 210 101
Mwangaza Farm Sukurea 7.56 4.79 < 0.01 271 176 47.2 500 162
Domestic Well Water 7.87 1.93 < 0.01 111 50.1 18.9 230 94.1
B/Hole Griftu 8.43 1.02 < 0.01 8.75 34.1 21.9 48.3 137
Shallow Well Griftu 7.95 1.05 0.037 14.6 64.4 23.5 108 69.5
Max 8.4 4.8 0.1 271.0 176.0 47.2 500.0 165.0
Min 7.4 1.0 0.0 8.8 34.1 18.9 48.3 65.3
Average 7.8 2.6 0.1 141.4 87.0 29.6 238.6 114.7
Guide High 8.4 <1.5 <5 <60 <25 <20 <66 <81  

The water has a high pH throughout, but varies from 7.4 to 8.4 depending on the location.  The EC’s are very 
variable, suggesting different levels of salt contamination throughout the aquifer.  Salt levels are highest in 
Wagberi and Sukurea, and lowest in the domestic borehole and Griftu.  Nitrate levels are very high 
throughout but lowest in Lambib and Griftu.  It is possible that farming practices are causing a rise in water 
salts and nitrates, but this would have to be confirmed with further research. 

The high salts will cause water stress in the plants, and build up in the soils.  Practices that would be 
recommended to reduce the effect of the high salts are as follows:- 

1) Water early in the morning, to reduce surface evaporation 
2) Water deeply to flush the salts through the soil profile 
3) Keep the root zone moist 
4) Mulch the soil to reduce evaporation 
5) Expose the soils to as much rain water infiltration as possible – rain water is always best. 
6) Plant crops that are tolerant to high EC, high sodium, high chlorides and high boron. 
7) Shading and wind proofing will reduce the evaporation from the plants and soil.  Tree’s and hedges 

should be encouraged.  Shadenet houses will reduce evapotranspiration and also protect plants form 
insects. 

The nitrate and sulphate ‘gift’ from the water should be taken into account when planning to fertilize the 
crops. 

The calcium, magnesium and potassium ratios should be monitored in the water and the soil.  High levels of 
magnesium build up in the soil and cause very hard compact soil, which water cannot infiltrate through.  This 
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in turn causes a problem with nutrient uptake and also encourages salt accumulation in the soil.  The high 
levels of nitrogen, calcium and magnesium and relatively low levels of potassium will affect plant maturation.  
Low potassium levels will delay or prevent generative growth in the plants.   This could be the reason that 
the citrus trees now only bear very few and very small fruit, and the mango trees yielded no fruit at all.  
Additional leaf analysis of affected plants would be help to identify this problem. 

Water source Iron Manganese Zinc Boron Copper Molybdenum
ppm ppm ppm ppm ppm ppm

Alaas Farm Lambib 0.027 < 0.01 < 0.01 0.67 < 0.01 < 0.01
Nurein Farm Lambib 0.034 < 0.01 0.011 1.49 < 0.01 0.013
Dugow Haas Wagberi 0.02 0.09 0.04 1.57 < 0.01 < 0.01
Mungano Farm Makoror 0.031 0.015 < 0.01 1 < 0.01 < 0.01
Moulid Muktar Makoro 0.019 < 0.01 0.012 1.2 < 0.01 < 0.01
Rasmi Farm Bangal 0.022 < 0.01 0.012 1.26 < 0.01 < 0.01
Al Maaruf Bangal - new 0.044 < 0.01 < 0.01 0.88 < 0.01 < 0.01
Al Maaruf Farm B Bangal 0.075 0.015 0.15 1.2 < 0.01 < 0.01
Abobo Farm Barwago 0.061 < 0.01 0.021 1.14 < 0.01 < 0.01
Mwangaza Farm Sukurea 0.014 0.015 0.014 1.17 < 0.01 < 0.01
Domestic Well Water 0.029 < 0.01 0.15 0.91 < 0.01 < 0.01
B/Hole Griftu 0.03 < 0.01 < 0.01 1.97 < 0.01 0.015
Shallow Well Griftu 0.024 < 0.01 0.026 0.94 < 0.01 < 0.01
Max 0.1 0.1 0.2 2.0 0.0 0.0
Min 0.0 0.0 0.0 0.7 0.0 0.0
Average 0.0 0.0 0.0 1.2 0.0 0.0
Guide High <5 <0.01 <2 <0.6 <0.2 <0.01  

The water does not contain any useful levels of micronutrients and this needs to be taken into account.  
Foliar sprays with the essential micronutrients are recommended for better crop growth and better nutrient 
content in the food.   

Boron levels in the water would be toxic to certain plants and can build up in the soils and should be 
monitored.  Boron is essential for plant growth in relatively small amounts, and greater amounts than crop 
requirements quickly become toxic to the plants.  For some crops, if 0.2 mg/l is essential, then 1-2 mg/l may 
be toxic. Boron tolerance should therefore be a criteria when choosing crops.  Boron toxicity shows first on 
the older leaves as yellowing, spotting and drying off tissue at the tips and edges.  Drying and chlorosis 
progress towards the centre of the leaf, between the veins. 
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Water source Sodium Chlorides Bicarbonate Silicon  SAR Hardness Fluorides
ppm ppm ppm ppm ppm ppm

Alaas Farm Lambib 123 524 238 55.7 1.89 797 0.71
Nurein Farm Lambib 301 814 326 59.3 4.15 997 1.16
Dugow Haas Wagberi 324 858 325 49.5 4.34 1050 1.03
Mungano Farm Makoror 175 345 304 54.5 3.34 519 1.12
Moulid Muktar Makoro 177 394 306 55.6 3.41 511 1.08
Rasmi Farm Bangal 234 608 327 54.8 3.43 881 0.98
Al Maaruf Bangal - new 153 360 274 57.9 2.81 562 1.01
Al Maaruf Farm B Bangal 224 537 308 58 3.27 888 1.01
Abobo Farm Barwago 203 459 307 57.6 3.38 682 1.07
Mwangaza Farm Sukurea 344 1080 233 56.9 4 1400 1.09
Domestic Well Water 166 314 255 54 3.28 483 0.86
B/Hole Griftu 139 41.9 324 40.2 4.75 162 1.78
Shallow Well Griftu 92.6 49.7 391 50.1 2.32 301 3.37
Max 344.0 1080.0 391.0 59.3 4.8 1400.0 3.4
Min 92.6 41.9 233.0 40.2 1.9 162.0 0.7
Average 204.3 491.1 301.4 54.2 3.4 710.2 1.3
Guide High <60 <140 <91 <50 <10 <60 <1  

Chloride levels are incredibly high and at toxic levels.  The most common plant toxicity is from chloride in 
irrigation water, it is not adsorbed or held back by soils and moves readily with the soil-water and is taken 
up by the crop moving in the transpiration stream and accumulates in the leaves.  If the chloride 
concentration exceeds the crop tolerance injury symptoms occur, like leaf burn and drying of leaf tissue and 
early leaf drop.  Crops vary in sensitivity and chlorides are difficult to treat (reverse osmosis) so when 
planning crops one should choose chloride resistant crops. 

Sodium levels in the water are very high, but the sodium absorption ratio (SAR) is not so high because of the 
high levels of calcium and magnesium in the water, which is a good thing!  Typical toxicity symptoms include 
leaf burn, dead tissue and scorch along the edges of the leaves.  Sensitive plants include deciduous fruits, 
nuts, citrus, avocados and beans. Sodium tolerant plants should be grown.  Soils can be treated with gypsum 
to counteract the sodium. 

The high hardness will affect the soil as discussed and build up in the soil as free lime.  This affects soil 
structure and locks up phosphates and micronutrients, mainly iron. 

Conclusion 

The toxic effects of high EC, sodium, chloride, and boron should be taken into account when selecting crops. 

The levels of calcium, magnesium, potassium, sulphates and nitrates should be taken into account when 
looking at fertilizer programs. 

The high hardness will affect the soil and build up as free lime.  Ideally the water should be treated with acid, 
or the farms treated with sulphur at soil level to alleviate the free lime build up. 
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SOIL ANALYSIS SUMMARY 

The soils were tested using ‘wet chemistry’ for a complete soil analysis.  The soils are very unique and some 
parameters were difficult to analyze using traditional methods and had to be re-analyzed using other 
techniques.  The phosphate, nitrogen, sulphates, micronutrients and organic matter were particularly low. 

Sample code Field name pH        
CaCO3 

(free Lime)
Ca        Mg        S         P(O)      K         B         Na        Cu        Zn        Mn        Fe        SAR

% ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

CS221SA0001 Virgin Soil Lambib 7.29 ND 468 89.7 2.96 12.38 173 0.13 12 1.38 1.13 48.3 91.5 0.13

CS221SA0011 Alaas Farm Lambib 8.81 4.28 805 175 6.22 7.38 154 1.11 36.5 0.93 2.2 43.5 56.7 0.3

CS221SA0002 Nuriem Farm Lambib 8.4 5.29 544 209 6.68 6.03 174 1.66 79.4 0.69 1.53 13.3 47.8 0.73

CS221SA0003 Dugow Haas Wagberi 8.59 4.54 1040 352 < 0.50 14.4 301 2.42 148 1.1 2.51 125 89.5 1.01

CS221SA0004 Mungano Farm Makoror 8.8 4.97 359 125 1.66 2.3 114 1.17 42.5 0.85 0.83 42.9 32.8 0.49

CS221SA0005 Moulid Muktar Makoror 8.99 5.29 785 239 < 0.50 2.35 228 2.5 86.9 1.33 1.73 130 30.1 0.7

CS221SA0006 Rasmi Farm Bangal 8.53 4.44 422 157 < 0.50 6.08 219 1.75 57 0.94 1.08 30.5 47.6 0.6

CS221SA0007 Almaruf Bangal - new 8.99 5.03 471 149 0.64 4.1 121 1.17 43.9 0.89 2.13 49.1 38.1 0.45

CS221SA0008 Almaruf Farm B - Bangal 8.53 4.86 408 143 < 0.50 8.69 122 1.29 44.8 0.84 1.22 31.1 52.8 0.49

CS221SA0009 Abobo Farm Barwago 8.92 5.08 645 194 < 0.50 3.39 152 1.72 55 0.8 1.97 55.6 39.4 0.49

CS221SA0010 Mwangaza Farm Sukurea 8.64 4.33 360 166 2.81 3.13 137 1.08 76.8 0.59 1.84 35.5 42.4 0.84  

(ND = NOT DETECTED) 

One can see immediately the effect of the alkaline water and ‘toxic’ ions on certain soil parameters.  The 
virgin soil has a much lower pH, magnesium, boron, sodium, and SAR.  NO free lime was picked up in the 
virgin soil.  One would expect the crops grown on virgin soil to do relatively well until the free lime, 
magnesium, boron and sodium build up and the phosphate gets locked up.  Chlorides are not adsorbed by 
the soil and remain in the soil-water film and are absorbed by the plants directly in the transpiration stream. 

Sulphur, phosphorous and copper levels are low to very low in all the soils and the water, and all crops would 
benefit from manure applications, gypsum and foliar feeds.  Zinc, manganese and iron are variable on the 
farms according to farming practices.  Crops would benefit from manure applications. 

Sodium absorption ratio is low.  This is excellent news. The soil is sandy with a low CEC and the irrigation 
water contains calcium and magnesium, which is helping preventing the SAR hazard.  The soils and crops 
will show a good response to gypsum and proper irrigation control – watering larger amounts in the morning 
and mulching to reduce evaporation. 

Potassium levels are optimum in most farms and potassium doesn’t need to be added to the soils.  Except 
in Mungano Farm where the Potassium is crop limiting and the farm would benefit from manure application 
and potassium foliar feeds. 
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Field name EC(S)     C.E.C     N         OM        C:N       Ca%       Mg%       K%        Na%       OB%       H%        Ca:Mg     

uS/cm meq/100g % % % % % % % % %

Virgin Soil Lambib 21 3.74 0.031 1.07 20.2 62.6 20 11.9 1.4 4.11 0 3.13

Alaas Farm Lambib 117 6.2 0.041 0.5 7.09 64.9 23.5 6.37 2.56 2.59 0 2.76

Nuriem Farm Lambib 220 5.42 0.055 0.84 8.83 50.2 32.2 8.24 6.37 3 0 1.56

Dugow Haas Wagberi 249 9.82 0.11 2.02 10.4 53 29.8 7.87 6.54 2.81 0 1.78

Mungano Farm Makoror 72 3.4 0.038 0.43 6.55 52.8 30.6 8.61 5.43 2.6 0 1.73

Moulid Muktar Makoror 109 7.04 0.04 0.6 8.78 55.7 28.2 8.3 5.36 2.41 0 1.97

Rasmi Farm Bangal 66 4.35 0.019 0.78 23.7 48.5 30 12.9 5.7 2.87 0 1.61

Almaruf Bangal - new 85 4.2 0.029 0.57 11.3 56.1 29.6 7.37 4.55 2.41 0 1.89

Almaruf Farm B - Bangal 62 3.85 0.035 0.67 11 53 31 8.12 5.06 2.87 0 1.71

Abobo Farm Barwago 93 5.61 0.059 0.52 5.12 57.5 28.8 6.94 4.27 2.48 0 2

Mwangaza Farm Sukurea 183 3.98 0.035 0.67 11 45.2 34.8 8.8 8.38 2.76 0 1.3  

The soil EC’s (salinity) are at optimum levels, the high EC in the water is flushing through the soil profile and 
also precipitating into the soils as free lime.  The soils are sandy with a low CEC (cation exchange capacity).  
The CEC is a measure of the soils ability to hold onto cations.  In this circumstance, with highly saline water, 
and toxic ions (sodium, boron, chlorides, carbonates) a low CEC is beneficial. 

Nitrogen levels in the soils are very low.  The plants will be taking nitrates out of the high nitrate irrigation 
water and the low CEC soil is not accumulating nitrates (as demonstrated by the nitrate build up in the 
aquifer).  Adding extra soluble nitrates will not help the crops long term, and will further pollute the fragile 
shallow aquifer.  The organic matter contents are very low.  The soil is very sandy and hot, and the irrigation 
water contains high nitrates.  This means that organic matter will burn off these soils very fast.  The farmers 
should be encourage to use farmyard manure and mulching to increase the organic matter.  The C:N ratios 
on some farms are critically low < 8.  This causes complicated nutrient lock ups in the soil and destroys soil 
life, so the use of plant material with a high carbon content will greatly help the soil fertility.   

The calcium:magnesium:potassium ratios are slightly out of balance in the virgin soil and even more out of 
balance in the irrigated soils.  The magnesium in the irrigation water is building up in the soils and reducing 
the calcium:magnesium ratios.  This means that as the soils are irrigated they become more and more 
compact and water infiltration is reduced.  This is a very dangerous situation when considering the high EC 
and high sodium levels of the water.  It is very important to keep the soils ‘open’, so that the water can flush 
the excess salts out.  This situation is remedied with gypsum applications on the soil surface.  The amount 
of gypsum required is calculated from the soil test for each situation. 
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GOAT MANURE 

 

A sample of goat manure discarded by the road side was collected for analysis and the results are as above.  
The manure is perfect for use on the crops, as it is, dug into the soil, mulched and ‘watered in’.   The manure 
will build up the carbon content of the soil and increase the OM%.  As it decays it will supply slow release 
readily available nitrogen, phosphorous and potassium to the crops.  The high calcium to magnesium ratio 
will help counteract the magnesium build up in the soil.  The manure also contains good levels of sulphates 
and micronutrients that are lacking in the soil and the water. 

 

Goat manure discarded on the roadside. 

This is a valuable, locally available and free of charge resource that should be used in agriculture in WAJIR.  
Use of livestock waste will improve the soil, the crop yields and reduce the nitrate load in the ground 

water. 
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LIMESTONE SHALE 
A sample of limestone rock that was taken from beside a newly dug well at Nuriem.  This is the 10 m jointed 

limestone layer that the water infiltrates through from the surface to the shallow aquifer.  This was analysed 

as a fertilizer to look at the full components in the limestone to understand where the salts in water from 

the shallow aquifer are coming from. 

 

The limestone contains calcium, magnesium and carbonates and this is dissolving into the water as it 

infiltrates through the ground.  The low calcium:magnesium ratio is what is causing the buildup of 

magnesium in the soil.  The sodium and chlorides in the water are coming from high evaporation of surface 

water, and not from this layer. 

 
 

Limestone chips from the limestone layer 
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Type of Irrigation Recommended 
This water has very high hardness and will block pipes and drip lines.  Plastic pipes should be considered 

over metal pipes.  Without proper water acidification drip lines will block too often and not be effective. 

 

Driplines at Abobo Farm, Barwago – these have been abandoned due to blockage. 
 

 

The effect of the irrigation water on the leaves – a deposit of lime and salts – this blocks the leaves stoma and slowly kills 

the plants – sprinkler irrigation is not recommended. 
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Innovative home-made drip irrigation at Nuriem Farm, Lambib, with large PVC pipes and hand drilled drip holes – the 

effectiveness of this should be monitored.  Plants should always be ‘overwatered’ to allow excess salts and toxic ions to 

move below the root zone. 

 

A good sukuma wiki crop growing at Mwangaza farm.  The crop is flood irrigated in the evening. The soil is mulched. The 

crop cover is shading the soil and reducing evaporation.  The crop is fed composted goat manure. Mwangaza Farm has 

the worst irrigation water quality with regards to high EC (>4) and the highest hardness (>1400 ppm).  The nitrates from 

this well are very high, this may be as a result of the farming. 
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Crop Pictures 

 

Micronutrient deficiencies in peppers at Nuriem on the left due to liming of the soil – this can be counteracted with 

micronutrient foliar sprays.  Sun scorch (right) on peppers can be prevented by shading the crops or having a good leaf 

canopy. 

 

Blossom end rot and curled dark green leaves in tomatoes at Dugow Hass, Wagberi. (Calcium deficiency due to high 

magnesium and sodium, curled leaves from chloride toxicity).  Gypsum applied to the soil will counteract this.  The farms 

needs to increase soil flushing. 
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Sukuma wiki (top) and beans (middle) and simsim (bottom) at Dugow Haas.  Selection of crops that are tolerant to high 

EC, sodium, boron, and chlorides is critical to successful agriculture.  Beans are very sensitive to salts and sukuma-wiki 

has a medium sensitivity.  Beans and coles are sensitive to boron toxicity.  (Dugow Haas has high sodium and boron and 

low calcium) 
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Pawpaw leaves at Mwangaza Farm, Sukurea showing the effects of high salts, boron, chlorides and lime in the water.  

Note the white lime scale on the soil surface.  Gypsum application, mulching, foliar feeds, and soil flushing will 

counteract this. 

 

Pawpaw plantation at Alaas Farm, Lambib.  The ground is shaded by the pawpaws and Neem trees and there is less 

evaporation from the soil. The water quality is better. 
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Watermelon at Nuriem Farm Lambib – these are suffering from salinity build up and dry soils.  Watermelons do best in 

Wajir on virgin soil and during the rainy season.   Watermelons are highly recommended as a ‘living mulch’ to reduce soil 

evaporation.  They have a low evapo-transpiration rate and will reduce soil temperatures. 

 

 

Fodder grass on Abobo Farm – this grass grew very well on all farms, produce a large biomass, have an extensive root 

structure and will absorb good levels of nitrates form the applied water. 
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Dead Paw paw trees at Mungano Farm, this is due to salt and lime build up in the soil and possibly a virus.  The soil has 

now been planted out to fodder grass. 

 

Purple and yellow leaves on the citrus trees at Mungano Farm.  This is due to the effect of the lime build up in the soil 

causing phosphorous and micronutrient deficiencies.  The tree used to yield fruit, but now the fruit are very few, and 

very small.  A leaf analysis can be used to see if potassium is deficient.  Using gypsum on the soil and spraying with a 

foliar feed high in phosphorous and micronutrients will bring this crop back. 
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Conclusion 

Drinking water suitability 

The water from the shallow aquifer is not suitable for human consumption without further treatment due 
to high nitrates and high salts.  Recommended treatment would be reverse osmosis – this is expensive and 
consumes lots of energy.  The source of the nitrates should be found and remedied.  An alternative water 
supply should be found for drinking water.  The high nitrates indicate that there may be fecal pollution in 
the water, and the water should be tested regularly for Water Borne Diseases.  In addition the water should 
be tested for pesticide residues and heavy metals. 

Irrigation water suitability 

The water from the shallow aquifer is not suitable for large scale irrigation without expensive treatment 
(reverse osmosis and acidification). It has a high EC, toxic ions (boron, sodium and chlorides), and high 
bicarbonates and hardness.  Used without treatment it is causing:- 

1) Free lime build up in the soil that is locking up phosphates and micro nutrients.  Lime levels not 
exceeding 5%, which is good. 

2) The high chlorides, and EC are not building up in the soil due to its low CEC and sandy texture and 
the nature of irrigation.  As long as the water is allowed to flush through the soils, sodium and EC will 
not build up 

3) High boron in the irrigation water is causing a buildup of boron in the soil, the effect of this is reduced 
by the high pH and free lime build up. 

4) Sodium is building up on some farms due to irrigation practices.  This can be counteracted by 
mulching, flushing, and gypsum use. 

Before any large scale irrigation project is considered a proper water balance study of the quantity of water 
in the shallow aquifer and the amount of re-charge should be performed, to assess long term availability of 
the water. 

When looking at agricultural projects, consider crops that would not be reliant on this water for any length 
of time – eg fodder crops and tree crops. 

Soil Suitability 

The soils are very sandy with a low CEC, this means that the high EC’s, chlorides, sulphates and sodium are 
not building up rapidly in the soils.   

Free lime from the high water hardness is building up to around 5% (but should be monitored over time).  
This is affecting soil structure and availability of phosphorous and micronutrients.  Which means that the 
soil should not be continuously cropped by irrigating and an irrigated agricultural project is not sustainable 
long term in this area without extensive inputs in capital investment and ongoing maintenance costs and 
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soil amendments.  This should be taken into account when assessing the viability of a project.  Addition of 
manure will help counteract this.  Plants need foliar applications of phosphates and micronutrients to 
increase production, biomass and plant health. 

The calcium:magnesium ratio affects the availability of certain nutrients in the soil, and hardens the soils 
reducing the rate at which water infiltrates.  It is important to keep the soils open with a good infiltration to 
allow the water to flush toxic ions, especially sodium through the soil and away from the root zone.  The use 
of gypsum on the soil surface in conjunction with flushing will add sulphates, increase the Ca:Mg ratio and 
reduce sodium levels. 

The organic matter levels and nitrate levels in the soil are low.  There are plenty of nitrates are coming in 
the irrigation water.  The soil has a low CEC and soil temperatures are high.  Carbon burns off fast, releasing 
nutrients into the soil solution quickly.  The low CEC means the soil holds onto the nutrients more weakly.  
Goat manure should be added in smaller amounts and more often to prevent pollution of ground water and 
to make sure that the nutrients remain available to the plants.  Root volume and plant biomass should also 
be considered when applying manure.  Larger plants can absorb more nutrients.  Mulching will reduce soil 
temperatures and slow down the manure burn off.  The manure does not need to be composted. 

Crop Suitability 

Crop suitability would be determined by the crops’ sensitivity to the toxic ions in the water, the high EC, high 
carbonates, high sodium, boron and the crops’ water requirements.  Crops that have a high water 
requirement should be avoided, because of the concurrent salt deposits in the soil.  Crops that have a low 
water requirement and high biomass should be encouraged – for eg fodder grasses and trees. 

Crops with a high tolerance to EC, chlorides, sodium, and boron should be considered.  Crop suitability is 
complex interaction between water, soil and climate.  Crop suitability can be determined by further research 
and then demonstration farms.  (CropNuts can do this). 

Improvement of existing farms 

The crops in existing farms will be greatly improved by better irrigation technique, shading, wind breaks, 
and the use of gypsum, and livestock manure on the soil.  Micronutrient foliar sprays containing no boron 
and higher levels of copper and phosphates will help the crops grow better.  Mulching is highly 
recommended.  Watermelons do make a very good living mulch in a mixed cropping system.  Mungano Farm 
would benefit from potassium. 

CropNuts can give advice on crop suitability and good agricultural practices for small scale demonstration 
farms.  There is a great deal to be learned and improved on. 
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Important considerations 

The shallow aquifer in Wajir is close to the surface and is a very fragile closed system.  The water is used for 
human and livestock consumption and agriculture.  Practices that increase evaporation of water in the area 
will cause further salt build up in the aquifer.  Importing soluble fertilizers and acids into this fragile closed 
system will negatively impact water quality further.   

Further testing and research required 

1) Water borne diseases, pesticide residues and heavy metals in the shallow aquifer from a domestic 
well in town. 

2) Mapping of the properties of the water in the shallow aquifer vs ground operations taken from 
satelite imagery.  

3) Identification and remediation of the source of the nitrates in the shallow wells. 
4) Continual monitoring (every six months at least) of the water quality in the aquifer, for domestic use, 

irrigation water quality and water borne diseases 
5) Crop suitability study for the area – taking into account water requirement, salinity, liming and toxic 

ion effect of the water. 
6) Monitoring the soil properties with different crops, after measured water applications. 

Making use of existing resources 

Wajir is primarily a livestock area.  The addition of an abbatoire, meat processing plant, tannery and leather 
working industry would provide additional jobs and income from an existing resource.  Boobong, Ol Maisor, 
Rumuruti, have a good small scale camel processing plant that can be visited by appointment. 

Kalacha, Chalbi Desert, near Turkhana has a very good irrigation project in an arid, saline zone that would 
be well worth emulating.  It can be visited via Tropic Air. 

Attachments 

Drinking Water Analysis 

Irrigation water Analysis 

Soil Test Results with organic recommendations for watermelons and Sudan grass 

Goat Manure and Limestone Analysis  
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SANIVATION 

Sanivation is an NGO based in Naivasha – Moi South Lake Road.  They turn human waste into charcoal. This 
takes away the need for expensive piped sewage systems.  It reduces the effect of human waste on the 
nitrate and water borne disease levels in ground water of shallow aquifers.  It reduces tree cutting for 
charcoal.  A project like this would be well worth exploring in WAJIR. 

Contact: Benjamin Kramer, Director of Energy, www.sanivation.com, 0716 963 462, email benjamin@sanivation.com 

Urbanizing communities 

Deploying privatized utility branches 

In urbanizing communities we install modern container-based toilets in peoples’ homes for free and charge 
a small monthly fee to service them. Then, instead of dumping the waste, we transform it into a clean 
burning alternative to charcoal. Our dependable, user-focused, and vertically integrated sanitation services 
address the full sanitation value chain and allow families living in urbanizing communities throughout East 
Africa to live a modern and healthy life. 

Refugee camps 

Custom design, build and training services 

We license our model to refugee camps to help meet the demand for rapidly and locally deployable 
sanitation services. We work with implementing partners to design, build, and train local staff and refugees 
on operating improved sanitation services that meet the environmental constraints and cultural aspirations 
of camp residents. 

 

http://www.sanivation.com/

