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Abstract 

Land degradation processes are evident on Kenyan landscape, more serious signs being realized in 
cultivated and pastoral areas as productivity continue to decline. Unsustainable land use practices are 
leading to low food production in comparison to demand of the growing population. There is need to 
promote adoption of appropriate natural resource management technologies that will protect the 
marginal lands and forest areas from overgrazing and unsustainable cultivation practices. There are 
enough studies to show that combination of soil and water conservation and soil fertility amendment 
technologies can improve crop yields and improve other ecosystem services. However performance 
and adoption of these technologies may vary depending on agro-climatic regions. This paper examines 
status of soil and water management practices that have been practiced / tested in the ASALs, sub-
humid and humid agro-climatic areas of Kenya using published and gray literature but also drawing 
on discussions with extension experts / agents in sub-districts representing the three major agro-
climatic regions of Kenya. The study shows that across each region physical soil and water measures 
(water harvesting), biological structures (grass strips, mulching, agroforestry), organic and inorganic 
soil fertility, conservation agriculture / farming and pasture management have been tested and 
adopted across the agro-climatic regions despite variation in extent and magnitude. The paper provides 
the researchers and extension agents a better view of the gaps in promotion of the soil and water 
management practices. Particular areas that needs redress is in promotion of minimum tillage and 
combining organic-inorganic fertilizer amendments for improved food production, while reducing soil 
and water losses in the watersheds. 
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Introduction 

The land degradation issues in Kenya comprise of soil erosion, declining soil fertility, agrochemical 
pollution, salinization of land and land cover conversions. Although, in 1997 Kenya’s land mass was 
rated as 64% moderately degraded and about 23% very severely degraded, these had increased to 
nearly 30% in early 2000s with the cultivated areas and grasslands being particularly affected. Such 
considerable rates of degradation pose serious problems to food security and environmental concerns. 
Enhanced agricultural output and productivity is declining and it is associated with high soil erosion 
rates, loss of agro-biodiversity, poor regulatory framework and overreliance on rain-fed agriculture 
(GoK 2007; GoK 2009). The low agricultural output and productivity results from unsustainable land 
use practices and the low adoption of appropriate natural resource management technologies. 
Improved land management practices like mulching, contour and tied tillage, minimum tillage, cover 
cropping, application of organic and inorganic fertilizers and rotational grazing have potential to 
improved soil and water productivity and very important in agricultural production. The objective of 
this paper was to review the adoption status of soil and water management technologies in Kenya 
focusing on the three major agro-climatic regions (ASALs, humid and sub-humid regions). The study 
shall highlight broadly the successful practices in terms of extent of application and impact on soil and 
water conservation and food productivity in these agro-climatic zones.  
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Methodology 

This is a review paper which gives a critical analysis of the current management practices of soil and 
water resource in three main agro-climatic regions; arid and semiarid lands (ASALs), with indexes of 
less than 50% and a mean annual rainfall of less than 1100 mm, sub humid and humid with an index 
greater than 50% have high potential for cropping. In order to achieve this, the results of this paper 
relies mainly on secondary source of information which includes relevant books, journals, conferences 
proceedings, national development plans and other Kenya based periodic reports and policy 
documents. Also visits to various sub-county agricultural offices to extract information from annual and 
quarterly reports and holding discussion with relevant officers were explored. 

Results and discussion 

Land and water management in ASALs 

Soil and water conservation. In this region the effects of soil erosion and runoff losses cause high 
nutrient depletion and decreased soil water availability leading to decreased crop and pasture 
productivity (Itabari et al., 2011). The level of adoption of soil erosion control measures and harvesting 
of water for crop production varies but below optimal levels.  

Table 1: Soil conservation works in Kangundo District 

Division Practicing 
farmers (%) 

Interventions (%) 

Fanya 
juu 

Bench 
terraces 

Grass 
strips 

Un-ploughed 
strips 

Retention 
ditches 

Trash 
line 

Stone 
lines 

Kangundo 61 4 6 33 50 23 20 0 

Kakuyuni 36 90 64 - - 46 80 50 

Kivaani 3 6 30 67 50 31 0 50 

Source: Ministry of agriculture (2012/2013) 

 

Table 2: Water harvesting methods for crop development in Kangundo District 

 
Division 

 
Practicing 
farmers (%) 

Interventions (%) 

Contour 
bunds 

Semi-circular 
bunds 

Water spreading 
bunds 

basins Road runoff 
harvesting 

Kangundo 72 7 6 4 3 7 

Kakuyuni 22 86 70 64 - - 

Kivaani 6 7 24 32 97 93 

Source: Ministry of agriculture (2012/2013) 

 

Further, some studies in the region have shown that modified (enlarged) fanya juu terraces are effective 
in controlling soil erosion but not effective for water conservation as runoff benefit only few rows of 
crops (Kiome 1992). The technique is reported to be marginally economical in long run. The semi-
circular bunds (hoops) have been tested for rehabilitation of degraded grazing lands (Smith and 
Critchley, 1983) in the semi arid areas of Kenya. However, the high labour requirements associated with 
semi-circular bunds have hampered high rate of adoption. Gibberd (1995), reported that runoff 
harvesting using a micro catchment to cultivated area ration of 1:1 increased yield in most dry land 
crops by 30-90%. Therefore use of high ratio than this in semi-arid may lead to either erosion or under-
irrigation more so in soils with inherently low SOM levels. 

A study by Kilewe and Mbuvi (1988) on effect of crop cover and residue management on runoff and 
soil loss reported that maize with minimum tillage reduced runoff by 0.8 and soil loss by 39.2%. 
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Application of 3t/ha of maize residue reduced soil loss by 58.7 and 78.6% during the 1983 long and 
short rains respectively, as compared with bare fallow.  

Recent studies have shown that type of tillage and improvement of soil organic matter (SOM) can have 
significant effect on germination of a crop.  (Table 3). The study established that application of chemical 
nitrogen fertilizer (+/-N) had no significant change in percentage germination of maize crop in any 
season. 

Table 3: Effect of tillage and organic resources with/out inorganic on percentage germination of maize at 

Machang’a in Mbeere, Kenya during the September to July 2006 

Tillage system 

SR 2005 LR 2006 SR 2006 

-N +N -N +N -N +N 

conventional (control) 83.3 85.8 93.0 89.0 81.7 81.7 

conventional + CR + manure 83.3 75.3 91.7 93.0 83.3 83.3 

conventional + manure 91.7 81.7 95.0 91.3 78.3 85.0 

No-till + CR + manure 80.0 86.7 89.7 92.3 73.0 85.3 

no-till + manure 80.3 91.7 87.0 89.7 80.0 80.0 

Tied ridges + CR + manure 75.0 85.0 89.0 88.3 73.0 56.7 

tied ridges + manure 83.3 88.3 88.3 87.3 57.0 60.0 

Modified from: Kihara et al., (2011).  CR= crop residue, SR2005 = short rain of 2005, LR2006 = long rain of 

2006, SR 2006 = short rains of 2006. +/-N=with addition of Nitrogen from inorganic fertilizer and without addition 
of Nitrogen from inorganic fertilizer 

 

It has been reported that tillage under tied ridge in Katumani shows little or no variation in soil 
moisture status. Alfisols (chromic luvisol) in semi-arid eastern Kenya under tied ridge cultivation, its 
water content at the end of the rainy season is high with significant high dry matter and grain yield of 
maize. (M’Arimi, 1978)  (Table 4).  

Table 4: Effect of tillage methods on maize crop yield (kg/ha) 

Period Crop Minimum tillage Conventional tillage Tied ridging SE* 

Long rains Maize (dry matter) 1068 1047 1105 +- 63 

Short rains Maize (dry matter) 2040 1920 1760 +- 0.09 

 Maize (grain yield) 337 221 513 +- 51 

Source: M’Arimi (1978);* SE =Standard error 

 

Soil amendments. Soil fertility rates in semi-arid soils are perceived to be fairly good in content. 
Consequently, crop yields are very low even when rainfall is non-limiting. Declining soil fertility has 
been attributed to continuous cultivation without adequate replenishment of nutrients and loss of 
nutrients through erosion and leaching (Gachimbi et al., 2005). Available estimates indicates that about 
88% of the resource poor subsistence farmers in semi-arid eastern Kenya use farm yard manure as their 
principal soil fertility input. Kihara et al., (2011) have shown that combination of crop residue and 
manure in semi arid lands of eastern Kenya results in additive maize yield than manure only treatment 
even without addition of inorganic sources of nitrogen fertilizer. 

Combined organic and inorganic fertilizer is the major soil fertility management practice undertaken in 
the semi-arid lands of Kenya (Table 5). 

Compost is most suited for ASALs, for instance it gives a higher maize yield i.e. 2449 kg/ha when 
treated with 16.2t/ha compost, greater net cash benefits and a better return on labour. Adoption of this 
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method has however been limited by scarcity of labour, shortage of organic materials, insufficient 
cattle, lack of transport, limited water supply and lack of technical knowhow on large scale production 
of high-quality compost (Onduru et al.,1999).  

Table 5: Major soil fertility management practices during two rainfall periods in Kangundo sub-
county 

 Oct-Dec 2012 Jan-Mar 2013 

Practice  Reason why method is used Practicing 
farmers (%) 

*Usage 
level 

Practicing 
farmers (%) 

*Usag
e level 

Composting Availability of manure 10 2 10 2 

Farmyard 
manure 

Improves soil structure 39 2 36 1 

Fertilizers  Government subsidy and low production 
areas 

44 2 47 1 

Rotation  Manage soil fertility and diseases 2 3 2 3 

Cover crops Soil moisture conservation and erosion 
control 

2 3 2 2 

Zero tillage Soil conservation and cost saving 1 3 1 4 

Source: Ministry of agriculture 2012/203 report. *Level of use scale 1= very high, 2= medium, 3=low, 4=very low 

 

Adoption of inorganic fertilizers is very low, mainly due to lack of cash and appropriate incentives. 
Kihara et al. (2011) observed that chemical nitrogen fertilizer has a positive and significant effect on 
maize yield. They further noted that there is a great response to fertilizer nitrogen in manure than in 
crop residue and manure fields. Miriti et al. (2011) reported the highest yield with 80kg N/ha when 
combined with manure.  

Conservation agriculture. No-till system in semi-arid lands of eastern Kenya has the lowest yield in the 
first two seasons compared to conventional farming manly due to depleted soil organic matter, poor 
nutrient use efficiency and poor retention of rainwater.  

Agroforestry. Agroforestry is defined as a dynamic, ecologically-based, natural resources management 
system that integrates trees on farms and in the agricultural landscape in order to diversify and sustain 
production. Many scientists have reported that runoff loss in traditional farming practice is over 50% 
during a heavy storm and that ridging does not fully control runoff compared to mulching and 
agroforestry where runoff does not occur. Water loss through soil evaporation is high under ridging 
and low under mulching. Kinama et al. (1999) reported that mulch combined with hedgerows was 
effective in controlling soil erosion and runoff compared to sole crop (control), mulch, hedgerows and 
grass strip. Maize yields were however high in control plots this was attributed to competition by senna 
tree for light, nutrient and water. 

Pasture management. Coughenour et al, (1990) pointed out that range conditions and trends over the 
years have pointed to worsening productivity of natural pasture in both arid and semi arid regions. To 
minimize forage scarcity fodder banks technology was introduced reducing pressure on vegetation 
resource hence regeneration and conservation of biodiversity (Esilaba et al., 2011).  

Degradation of rangelands is a major cause of pasture loss in dry environments, as surface crusting 
reduces infiltration and inhibits pasture growth. Scratching the ground surface with animal-drawn 
implements like tine harrow improves grass growth in degraded rangelands. Spreading farmyard 
manure and grass seeds on scratched land lead to even better results (KRA, 2012). 
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Land and water management in sub-humid lands 

Soil and water conservation. In sub humid highlands of central Kenya, soil nutrient degradation is 
associated with rapid population increase and continuous cropping. Napier hedge are best vegetative 
hedge in soil conservation. This is attributed to root characteristic as rhizomatous roots reinforces soil 
around them (Mutegi et al., 2011). Soil and water conservation structures such as fanya juu, fanya chini 
and cut-off-drains have been promoted extensively in the region by ministry of agriculture. Adoption of 
the same has been low possible due to small per-capita  landholdings, farmers perceiving that soils are 
not being lost/degraded due to deep soils and abundant rainfall. 

Soil fertility management. Soil properties of sub-humid highlands of Kenya under continuous 
cultivation over time have an effect on both soil physical and chemical properties. There is a decline in 
crop yields in a continuous cropping system regardless of the inputs utilized. Maize yield in no-input 
plot decline from 4.0-2.0 t/ha within 10 years. Application of chemical fertilizers increase yields by 50% 
for first 5 years followed by decrease in the sixth year, while combination of chemical fertilizers and 
farmyard manure will continue to give higher yields (Kibunja et al., 2011).  

Conservation agriculture/farming. Application of organic amendment under conservation tillage 
system provide long term source of nitrogen reducing need of nitrogen fertilization. Residue 
application significantly increases soil organic carbon. This is attributed to beneficial effects of residue 
to erosion control, nutrient cycling and soil quality enhancement. (Anyanzwa et al.,2011).  

Agroforestry. Mutegi et al. (2011) indicated that establishment of calliandra and leucaena along the 
contour slopes of central highlands of Kenya was effective for soil and nutrient management. They 
further noted significant high soil pH, exchangeable bases and carbon in sole leguminous hedge 
treatment and combination hedge. 

Soil and water management in humid lands 

Soil and water conservation. Large agricultural productive lands in the humid highlands of Kenya are 
constrained by slope steepness, soil erosion and loss of nutrients and water. Conservation of this water 
through agronomic management and different types of structures can improve soil productivity by 50-
100%. This intervention is through slope reduction achieved by constructing soil and water 
conservation structures. These structures reduce surface runoff, soil erosion, and water loss achieving 
soil and water conservation by increasing infiltration and soil water storage. Studies indicate that 
annual loss of 0.25 cm of surface soil is equivalent to removal of about 98.8 t/ha of soil.  

Nzabi et al. (1999) found out that at early stages maize stover trash line had best control on runoff with 
least soil erosion. This was a study on effective methods of controlling soil erosion using cheap and 
locally available material in Kisii district in western Kenya. (Table 6). The study underpins the potential 
benefit of using locally available materials, less-labour intensive to overcome the high rates of soil and 
water losses in steep slopes of Kisii highlands. 

Table 6: Effect of soil erosion control methods on cumulative eroded soil measured in three farms in 
Nyamonyo village, Kisii district from May 1996-May 1998 

Treatment  Average soil loss (t/ha) 

Makarikari grass strip 16.47 

Vetiver grass strip 37.17 

Sweet potato cover 37.07 

Maize stover trash line 9.33 

Control  90.53 

Source: Nzabi et al., (1999) 
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Soil amendments. Studies have shown that use of green manure will double farmers yields when used 
on their own from 2t/ha to 4t/ha and when used in combination with fertilizers they tripled farmers 
yields from 2t/ha to 6t/ha. Lupines mutabilis is capable of fixing 400 kg N/ ha while Mucuna pruriens 
adds about 150 kg N/ha (Bunch 1995). Codja 1997 recorded a maize yield increase of 98% after mucuna 
short fallow without chemicals and 179% increase of maize yields with mucuna, 51kg N, 46 kg P, and 28 
kg K per hectare. 

Conclusion 

Land and water resources are interdependent i.e. land conservation and management include both soil 
and water conservation. Water conservation in broad sense, is the most important practice in the field of 
soil management. This is true because the practices that conserve water are also those that conserve soil 
and promote a high state of productivity, the real goal in soil management. There is enough evidence 
that there is diversity of soil and water management practices in different agro-climatic regions of 
Kenya.  

Recommendation 

There is need to upscale level of research in these aspects but also adoption of the appropriate natural 
resource management technologies bearing the climatic capacity of each ecosystem.  
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