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Abstract 

Soil fertility degradation still remains the single most important constraint to food production in the Kenyan Highlands. It is estimated that 64% of the population resides in the highlands, with population densities in some areas of over 1000 persons/km2. Use of inorganic fertilisers on smallholdings in the Kenya Highlands has been steadily declining since the 1960s, when heavy promotion and subsidization of fertilisers coincided with the release of improved maize varieties and the creation of co-operatives such as the Kenya Grain Growers Co-operative Union. Currently, their use continues to be constrained by their high cost, the low purchasing power of smallholders, and limited access to credit facilities. Farm sizes are getting smaller, and this promotes continuous cropping with limited scope for crop rotation and inadequate soil fertility replenishment. Soil fertility improvement can be achieved through organic farming techniques such as biomass transfer, re-activation of the ‘N bulge’, and phosphorus scavenging. Legume intercropping with maize – Kenya’s staple food – as well as the implementation of short rain legume fallows are known to enhance maize yields in most cases.

Introduction 

Kenya is a remarkably fine illustrative case of the causes and consequences of soil nutrient depletion. Countrywide, under increasing land pressure from a still burgeoning population, nutrient losses (e.g., from leaching and erosion) and off-takes from crop harvest removals often exceed additions from biological processes (e.g., nitrogen fixation) and application of organic and inorganic fertilizers (De Jager et al., 1998). Yields of key commodities have stagnated, not only in areas with marginal agricultural potential, but also in regions with relatively good production prospects. As it is in other Sub-Saharan African countries, it is increasingly difficult to concurrently satisfy short-term production needs and long-term demands for environmental sustainability. Forced by the need to produce more staple crops for a growing population and to grow cash crops to integrate into the monetary economy, farm households replaced once stable systems with intensive systems relying heavily on external inputs, or they moved into ecologically fragile areas. The use of inorganic fertilizer in Kenya dates back to early 1920s. At the time of independence in 1963, fertilizers were mainly used by large-scale farmers, most of whom were European. After independence, fertilizer use was advocated and small-scale farmers started using it. However, the implementation of Structural Adjustment Programmes (SAPs) resulted in increased prices for external inputs, while price levels of agricultural products decreased or remained stagnant, and only a limited growth in productivity was realised. These developments have forced farm households to exploit soil nutrient resources, leading to negative nutrient balances in most parts of this region (see table 1). 

Current On-Farm Nutrient Balances in Kenya

Many studies have been carried out to quantify nutrient balances in different ecological zones (i.e. Smaling et al., 1997; De Jager et al., 1998 and Onwonga and Freyer, 2006). They have all shown that there are negative nutrient balances. A few cases give reason enough for considering alternative soil fertility management, e.g. the case of Kisii district, a densely populated area with high agricultural potential in the western region of Kenya. Soils in the area are predominantly well drained, deep, and, with the exception of phosphorus, rich in key nutrients (Smaling et al., 1997). Mean annual rainfall is high, exceeding 1000 mm. Major food crops are maize and beans, key cash crops are tea, coffee, and pyrethrum, while livestock and improved pastures are common farm components. Most significantly, given the high population density, little land is left fallow during the year. Where inorganic fertilizers are used, application rates are well below recommended levels. Annual nutrient depletions in the district have been estimated at 112 kg/ha of N, 2.5 kg/ha of P, and 70 kg/ha of K (Table 1). 

Table 1: Farm Level Soil Nutrient Balances in Kenya (kg ha-1 a-1)

	Soil

Nutrient
	Kisii

District1,2
	Kakamega

District1
	Embu

District1
	Nakuru

District3

	Nitrogen (N)
	-112
	-72
	-55
	-30

	Phosphorus (P) 
	-3
	-4
	9
	14

	Potassium (K) 
	- 70
	18
	-15
	11


Source: Smaling et al. (1997)1, De Jager et al. (1998)2 and Onwonga & Freyer (2006)3

Similar patterns are reported for Kakamega district, which can be compared to Kisii in population density and agroecological potential, and in Embu and Nakuru districts, where population density and agroecological potential are lower (Table 1). Purchasing mineral nitrogen fertilizer is hardly possible because of financial reasons. The main emphasis is given to supplying mineral P through diammonium phosphate (DAP). 

Economic returns to food-crops in these districts tend to be insufficient to cover the costs of additional N fertilizers required to replenish lost nutrients (De Jager, 1998). Negative N balances underline that farmers do not cultivate enough legumes as an alternative to add N. Mainly a limited proportion of beans, cowpea, and soyabeans contribute to the N-balance. Because clover or alfalfa is an exception in the long rains and the short rains are scarcely used for N-fixing fallow plants, besides the negative N balance there also is a lack of humus-relevant biomass production. Low humus contents lead to an increased risk of leaching of mineral P as well as loss of soil fertility in general driven by erosion processes. 

Opportunities for Organic Soil Fertility Management in Kenya’s Agriculture

Agricultural systems productivity can be invigorated through nurturing soil organic matter build-up, which allows higher and more stable yields. The addition of soluble nutrients is not a viable option for Kenya’s smallholders experiencing declining farm household incomes and poor output markets coupled with increasing food insecurity. Furthermore, this strategy is not sustainable for soil fertility development. Low-external input sustainable agriculture (LEISA) has been viewed as an alternative remedy for these areas. More recently, one particular alternative that has gained interest is organic agriculture because of its comprehensive advantages. Traditional farming systems practised over time by smallholder households in these regions rely on the recycling of organic matter to maintain soil fertility. Subsequently, by adopting organic agriculture, which requires less financial inputs while placing more reliance on human resources, farmers could move towards more sustainable agricultural practices. 
Legume intercropping is an organic farming strategy in the tropics aiming at replenishing soil fertility, improving soil structure, and suppressing weeds, while generally providing the benefit of a higher overall yield. Many studies have been carried out to evaluate the agronomic and economic benefits of legume-cereal intercrops in Kenya and other parts of the world (Rao and Mathuva, 2000; Mburu et al., 2003;  Lelei, 2004 among others).

N deficiency is a major constraint on the productivity of the Kenyan smallholder farming systems. Green manure and forage legumes have the potential to improve the soil N fertility of smallholder farming systems through biological N-fixation. The effects of legumes on yields of associated major crops have been well documented. Maize has been studied extensively in association with pigeon pea (Rao and Mathuva, 2000), common bean (Lelei, 2004) and mucuna (Mburu et al., 2003). These studies all have indicated that maize grain yield was not negatively affected but sometimes enhanced by the legume intercrop, suggesting a balanced effect of competitive depression and N transfer from the legume. For example, maize-pigeon pea intercropping systems produced 17 to 24% higher maize yields than continuous sole maize (Rao and Mathuva, 2000).

The incorporation of green manure is another technique to strengthen soil fertility. Soil fertility is related to soil structure, which can be measured by aggregate stability. A study conducted on maize plots in rotation with cover crops showed aggregate stability values of 41.3%, 45.7% and 50.5% after biomass removal, mulch application, and incorporation of biomass respectively (Gachene et al., 1999). The cover crops used were Mucuna pruriens, Vicia benghalensis and Crotalaria ochroleuca. The soil aggregate stability of plots with incorporated biomass was not affected by the type of biomass added. 
The application of biomass from a previously grown leguminous or non-leguminous crop can prevent soil erosion, reduce nutrient losses, stimulate microbial activity in the rhizosphere, improve soil structure, and raise the yields of subsequent crops (Schlecht et al., 2006). In the Kenya Highlands, six legumes have been identified as promising green manure crops for smallholder farming systems, namely purple vetch (Vicia benghalensis), velvet bean (Mucuna pruriens), perennial soyabean (Neonotonia wightii), Tanzanian sunhemp (Crotalaria ochroleuca), lablab (Lablab purpureus or Dolichos lablab) and lima bean (Phaseolus lunatus) (Kiama and Muriithi, 2001).

Conclusion and Recommendations

The steady fall in Kenya’s stock of soil nutrients appears to be closely linked to soil fertility management practices such as monocropping and slash-and-burn methods, which are ill-suited to the relatively recent imperative of continuous cultivation under burgeoning population pressure. However, with appropriate soil fertility management practices, population pressure may not lead to nutrient depletion, but rather to improved soil quality and adequate yields. 

Leguminous species have shown some potential for soil fertility improvement and soil conservation. Soil fertility improvement can be achieved through biomass transfer, short-term fallows, nitrogen fixation, re-activation of the ‘N bulge’ and P scavenging. Additionally, they have similarly shown potential for reducing soil erosion through five processes: interception of rainfall impact by tree canopy; surface runoff impediment by tree stems; soil surface cover by litter mulch; promotion of water infiltration; and formation of erosion-resistant blocky soil structure. 

Because these systems require less financial input while relying more on human capital, there exists a huge potential, given the high population in these areas. The excess labour can be used for hauling biomass, mechanical weeding and composting, among other labour-intensive operations. In view of the aforementioned consideration, this review calls for more integrated soil management research beyond legumes so that farmers can always have fallbacks when one option is limiting. Agricultural extension agents should promote the use of legume intercrops to replace nitrogenous fertilizers and supplement human protein sources.
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