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Foreword 

Pulses (grain legumes) are beans, cowpeas, pigeon peas, mung beans (green grams), 
dolichos (black beans), chickpeas, Soya beans and lentils. Cowpeas, chickpeas, pigeon 
peas, green grams (mung beans) and dolichos are grown in lower, drier and warmer 
areas of Kenya. Beans and Soya beans are grown in the medium rainfall areas, while 
lentils are grown in the cooler areas. Grain legumes are a major source of protein diets 
and also a source of income. Large amounts of grain legumes are sold locally in urban 
centres or exported in green, dried and processed forms. Majority of grain legumes fix 
nitrogen from the atmosphere, thus contributing significantly to the sustainability of 
soil fertility in the dryland cropping systems and hence reduce the requirements for 
inorganic nitrogen fertilizers.  
 

Pulses have, however, suffered from recognition problem for a long time thus 

resulting in relegation to the undeserved category of “secondary crops” from the 

major cereals crops (maize, wheat and rice) with little support for their research and 

development. This attitude is changing rapidly with the realization that these crops 

have been key to the food security to millions of people especially in arid and semi-

arid lands (ASALs) that are characterized by recurrent drought, poor soils and general 

lack of resources for meaningful agricultural production. Besides meeting the daily 

subsistence food requirement, these crops can also be transformed into broad-based 

commodity for sustained food security, better nutrition and income generation. With 

the recognition of the key roles of these crops in the food systems, the government 

with the support of several collaborators and development partners has provided 

increased support for their development and propagation.  

 

This manual has been compiled to provide harmonized fertilizer recommendations 

for pulses grown in different cropping systems in Kenya. It seeks to demonstration 

the performance of pulses under mono-cropping, intercropping and rotational 

cropping systems.  This is a meta-analysis of yields obtained under research work for 

a period of over fifteen years. In compiling this manual, reference was made to past 

research work done by various KARI (now KALRO) centres located in the arid, semi-

arid and medium rainfall areas of the country, Universities, national and international 

research organizations 

 

Agriculture, which feeds our nation, needs to be nourished with quality digestible 

information on improved technologies. All stakeholders in agriculture need access to 

any information that would lead to increased agricultural productivity. This 

information must be easy to understand and apply. Hence this manual precisely 

attempts to achieve that with a view to upgrading grain legumes farming techniques; 

including fertilizer recommendations and utilization in Kenya. It is our sincere hope 

that this manual will be of assistance to many research and extension workers 
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involved in food security programmes. Research on pulses continues and future 

results may modify the recommendations contained here-in.  
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1.0 Executive Summary 

The human population is increasing and hence increased demand for food and 
nutritious foods to combat diet related diseases. There is a global call encouraging 
consumption of plant sources of protein as opposed to animal sources of protein. The 
major plant based source of protein are pulses. They are good source of the various 
important nutrients particularly protein required by humans and animals and 
therefore crucial in feeding the increasing population. They provide energy, essential 
minerals, vitamins and several compounds considered beneficial for good health. 
Pulses (grain legumes) are: beans, cowpeas, pigeon peas, mung beans (green grams), 
dolichos, chickpeas, Soya beans and lentils. These crops are grown in the Eastern 
Africa region in varying hectareage, depending on preferences and adaptation to 
agro-ecological zones. Cowpeas, chickpeas, pigeon peas and green grams (mung 
beans) are grown in lower, drier and warmer areas. Beans, Soya beans and dolichos 
are grown in the medium rainfall areas of the region while lentils are grown in the 
cooler regions. Large amounts of grain legumes are sold locally in urban centres and 
are also exported in green, dried and processed forms. Most grain legumes contribute 
to the sustainability of soil fertility, in the dryland cropping systems because of 
nitrogen fixation, reducing the requirements for inorganic commercial fertilizers. In 
Sub-Saharan Africa, pulses play a vital role by being a source of livelihood for millions 
of people; and offer tremendous potential to contribute to the alleviation of 
malnutrition. Kenya is the seventh largest world producer of common beans and 
ranks fourth in terms of world production of pigeon pea. Besides this, the country has 
recently popularized the production and consumption of green grams (mung beans). 
 
However, despite Kenya’s growing exports of pulses in recent years, it still remains a 
small player in the global market only ranking 26th in world exports with a little under 
US $ 50 million worth of pulses exported in 2013-2014. Kenyan pulses exports have 
been characterized by high volatility over the past decade, with sharp variations 
observed over short periods of time. 
 
While pulses were traditionally grown for subsistence, they have now become an 
important source of income for smallholder Kenyan farmers. Usually intercropped 
with maize, sorghum, millet, cassava, sugar cane and coffee, they have historically 
received little research attention from support institutions in Kenya, which tended to 
focus more on cereal crops such as maize, wheat and rice. 
 

As a result of climate change, pulses now are becoming a major food and nutrition 
security focus. This is due to their hardiness and resistance to drought, which makes 
them ideal for Kenya’s often sporadic rainfall, and also being an important food source 
due to their high protein content and relatively low cost when compared with meat, 
pulses have gained in popularity among farmers. In 2013, Kenyan farmers cultivated 
pulses on 1.47 million hectares (ha) of land; roughly 1.8 million households which 
produced 1 million tons of pulses. The production was largely dominated by the 
production of dry beans (715,000 tons), followed by pigeon peas (166,000 tons), and 
cowpeas (134,000 tons). Despite periods of fluctuation the volume produced, as well 
as the area harvested and yields, has progressed over the past decade, making Kenya 
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the fourth top producer of pulses in Africa after Nigeria, the United Republic of 
Tanzania and Ethiopia, and number 17 in the world. Despite these recent positive 
developments, the sector remains largely underdeveloped, in particular compared 
with other African producers such as the United Republic of Tanzania and Ethiopia, 
and vertical and horizontal business linkages tend to be undeveloped and informal 
because trade is based on temporary relationships with limited use of contracts. More 
generally, the industry appears to be relatively unstructured and poorly organized, 
partly resulting from low levels of cooperation among the different actors and a lack 
of trust among the different stakeholders operating in the sector. Farmers’ groups and 
cooperatives in the pulses sector also appear to be weak or non-existent, in turn 
contributing to the overall lack of knowledge on the potential of pulses in Kenya. 
 
This manual has been compiled to provide harmonized fertilizer recommendations 

for pulses grown in different cropping systems in Kenya. It seeks to demonstration 

the performance of pulses under mono-cropping, intercropping and rotational 

cropping systems.  This is a meta-analysis of yields obtained under research work for 

a period of over fifteen years. In compiling this manual, reference was made to past 

research work done by various KARI (now KALRO) centres located in the arid, semi-

arid and medium rainfall areas of the country. Efforts have been made to ensure that 

the information in this manual is accurate. However, there is room for suggestions 

that could be included in future editions.  
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2.0 Introduction and Purpose of the Report 

Production of pulses in East Africa dates back many years. The pulses (grain legumes) 
are beans, cowpeas, pigeon peas, green grams, dolichos lablab, chickpeas and lentils. 
These crops are grown in the Eastern Africa region in varying hectareage, depending 
on preferences and adaptation to agro-ecological zones. Cowpeas, chick peas, pigeon 
peas and green grams are grown in lower, drier and warmer areas. Beans and dolichos 
are grown in the medium rainfall areas of the region while lentils are grown in the 
cooler regions (Karanja, 2016). 
 
Pulses are grown in both mono-cropping and intercropping systems in Kenya. Most 
common crop combinations in intercropping systems include: maize-beans, maize-
cowpea, maize-pigeon pea, maize-Soya bean, maize-dolichoslablab, sorghum-
cowpea, millet-pulses, sugar cane-pulses and rice-pulses (Chui and Nadar 1984; 
Nadar 1984; Mangale 1989; Matusso et al., 2012; Karanja, 2016). This cropping practice 
aims to match efficiently crop demands to the available growth resources and labour. 
The efficient use of available growth resources in a given piece of land and eventually 
maximizing productivity is the primary advantage of intercropping crops of different 
height, canopy structure, rooting ability, and nutrient requirements (Matusso et al., 
2012). Many studies on intercropping have shown that legumes-cereal intercropping 
is an important productive and sustainable system due to its resource facilitation and 
significantly enhancing crop productivity as compared to that of monoculture crops 
(Matusso et al., 2014). In an effort to improve food security, intercropping cereals with 
legumes plays an important role by providing a farmer with both carbohydrates and 
proteins for their dietary needs. Apart from nutritional composition of component 
crops in an intercropping, it has been also reported that intercropping improves soil 
fertility through biological nitrogen fixation, increases soil conservation through 
greater ground cover than sole cropping (Ofori and Stern, 1987; Matussoet al., 2014; 
Hailu Gebru, 2015; Nyoki and Ndakidemi 2016), and provides better protection against 
crop pests and diseases than when grown in monoculture (Ofori and Stern, 1987; 
Matusso et al., 2014; Hailu Gebru, 2015). 
 

What is intercropping? 

Intercropping is the growing of two or more crop species simultaneously in the same 
field during a growing season. In Kenya there are six types of intercropping that are 
being practiced (Nadar, 1984; Chui and Nadar, 1984; Mangale, 1989) and they include: 

1. Mixed intercropping: growing component crops simultaneously with no 
distinct row arrangement; which is commonly used in labour-intensive 
subsistence farming 

2. Row intercropping: growing component crops simultaneously in different 
rows which is used in mechanized agriculture 

3. Intra-row intercropping: growing component crops simultaneously in the same 
rows but different holes or hills 

4. Same hole (hill) intercropping: growing component crops simultaneously in 
the same rows and holes (hills). This type of intercropping is also practiced in 
mixed cropping.  
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5. Strip intercropping: growing component crops simultaneously in different 
strips to permit the independent cultivation of each crop and 

6. Relay intercropping: growing component crops in relay so that growth cycles 
overlap 

 
In Kenya grain legumes are a major source of protein in cereal based diets, and also a 
source of income. Large amounts of grain legumes are sold locally in urban centres 
and are also exported in green, dried and processed forms. Most grain legumes 
contribute to the sustainability of soil fertility, in the dryland cropping systems 
because of nitrogen fixation, reducing the requirements for nitrogenous inorganic 
fertilizers (Karanja, 2016). 

Agro ecological and agronomic requirements of pulses 

(a) Water Requirement 
Most pulses are mainly grown in drier parts of the East Africa countries. Therefore, 
management of soil and water is important for successful crop growth. This entails 
bench terracing, cultivation techniques that conserve water and effective weed 
control. Hence it is important to use appropriate soil and water conservation 
technologies and soil depth, water preservation and reduced loss of nutrients. Soil 
characteristics as well as soil water management to a great extent determine the 
amount of yield a farmer would get in arid and semi-arid (ASAL) areas. Sustainable 
crop production cannot be achieved with continued soil loss. Crops that receive 
adequate amount of soil water produce good quality marketable grains (Karanja, 
2016). 
 

(b) Fertilization  
Beans, pigeon peas and lentils are sensitive to poor soils. Beans, pigeon peas and lentils 
respond well to soil fertility and basal fertilizer or manure is required at planting. On 
the other hand, cowpeas, green grams, chick peas and dolichos lablab do not respond 
well to nitrogen and phosphate fertilizer application. Increased soil fertility leads to 
leafy crops and may lead to low grain set leading to reduced grain yields. In most 
cases it is not necessary to apply fertilizers to this group of pulses. However, where 
the soils are highly eroded and very deficient in these nutrients, a basal dose of 
nitrogen and single or triple super phosphate fertilizers is required (Karanja, 2016). 
 

(c) Agronomic practices 
Pulses growers should use seed of known source and quality. They are encouraged to 
use certified seeds, quality declared seeds and in the absence of these use farm saved 
seeds. The farm saved must be sorted to remain with grain that can produce quality 
grain for marketing. 
 
Growers are also requested to practice timely planting and weeding. Since most of the 
legumes are grown in ASALs, practicing spatial planting may be necessary. Spatial 
planting is a system where half the field is planted before rain onset, while the other 
half is planted at the onset of rains. Farmers in semi-arid and other areas where the 
onset of rains is uncertain, spatial planting is recommended. 
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(d) Weed Control  
The areas that were dry-planted will be weeded first, followed by the areas planted 
during the rains, leading to a more effective weed control regime than in the system 
where there is only one planting. 
 

(e) Pest and Disease Control 
Most of the legumes are vulnerable to insect pests in the field and in storage. Pod 
sucking bugs, pod borers and thrips are major legume pests that lead to reduced yields 
and low quality grain. Hence growers are advised to spray their crops with 
appropriate insecticides and at the recommended spraying frequency until crop 
maturity.   
 

2.1Characteristics and Role of Pulse Production in Kenya 

Pulses have historically received little attention from support institutions in Kenya, 
which tended to focus more on cash crops such as maize. Pulses are usually grown in 
mono-cropping, inter-cropping, rotation and relay cropping systems with maize, 
sorghum, millets, sugar cane, cassava and coffee, and grown entirely by smallholder 
farmers. 
 
Majority of the pulses are hardy and drought tolerant, this makes them ideal for 
Kenya’s often sporadic rainfall and climate change adaptation. They are also 
important food sources of protein due to their high protein content and relatively low 
cost when compared with meat.  
 
In 2013, Kenyan farmers were cultivating pulses on 1.47 million hectares (ha) of land, 
involving roughly 1.8 million households and producing 1 million tons of pulses. 
Domestic production is largely dominated byte production of dry beans (715,000 
tons), followed by pigeon peas (166,000 tons) and cowpeas (134,000 tons). Despite 
periods of fluctuation the volume produced, as well as the area harvested and yields 
has progressed over the past decade, making Kenya the fourth top producer of pulses 
in Africa after Nigeria, the United Republic of Tanzania and Ethiopia, and number 17 
in the world; (FAO, 2005). 
 
Despite these recent positive developments, the sector remains largely under 
developed, in particular compared with other African producers such as the United 
Republic of Tanzania and Ethiopia, and vertical and horizontal business linkages tend 
to be undeveloped and informal because trade is based on temporary relationships 
with limited use of contracts. More generally, the industry appears to be relatively 
unstructured and poorly organized; partly resulting from low levels of cooperation 
among the different actors and a lack of trust among the different stakeholders’ 
operating in the sector. Farmers’ groups and cooperatives in the pulses sector also 
appear to be weak or non-existent, in turn contributing to the overall lack of 
knowledge on the potential of pulses in Kenya. 
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The most significant challenge at the moment is achieving adequate dissemination of 
improved seed varieties because most farms use their own beans for seed or buy from 
local markets. Lack of such dissemination has severely limited productivity gains and 
has greatly hindered the development of the supply chain, further complicated by 
farmers’ reluctance to pay the high cost of certified seeds. Improved bean varieties 
could, for example, yield from 1,500 to 2,500 kg / ha, whereas the majority of farmers 
use seeds that yield approximately 400 kg / ha. In addition to the low quality of seeds, 
other inputs such as fertilizers, insecticides and pesticides appear to be used by only 
a small proportion of the sector’s farmers. 
 
The low adoption of improved agricultural practices also significantly hinders the 
performance of the sector. In particular, post-harvest practices suffer from a number 
of problems including inappropriate handling, inadequate storage methods and 
facilities, and common pest infestation, resulting in a higher than necessary incidence 
of spoilage. These factors are further complicated by slow transport caused by an 
inadequate road system. International buyers have also highlighted the uneven 
quality of Kenyan products – which is a major limiting factor for the export of pulses 
from Kenya – due to a lack of quality certification and standardization mechanisms as 
well as a lack of knowledge about specific markets’ requirements in terms of quality 
standards. 

 

This manual has been compiled to provide harmonized fertilizer recommendations 
for pulses grown in different cropping systems in Kenya including: mono-cropping, 
intercropping, rotational cropping and relay cropping. In compiling this manual, 
reference was made to past work done by various KARI (now KALRO) centres located 
in the arid, semi-arid and medium rainfall areas of the country. Efforts have been 
made to ensure that the information in this manual is accurate. However, there is room 
for suggestions that could be included in future editions.  
 

2.2 Cost-Benefit Analysis 

• Cost-benefit analysis is a term that refers both to: 
– Helping to appraise, or assess, the case for a project or proposal, which itself is 

a process known as project appraisal; and 
– An informal approach to making decisions of any kind. 

• Under both definitions the process involves, whether explicitly or implicitly, 
weighing the total expected costs against the total expected benefits of one or 
more actions in order to choose the best or most profitable option.  

• The formal process is often referred to as either CBA (Cost-Benefit Analysis) or 
BCA (Benefit-Cost Analysis).  

• The cost-benefit analysis is explicitly designed to inform the practical decision-
making of enterprise managers and investors focusing on optimizing their social 
and environmental impacts. 

 Cost–benefit analysis is typically used by governments to evaluate the desirability 
of a given intervention. 



7 
 

– It is an analysis of the cost effectiveness of different alternatives in order to 
see whether the benefits outweigh the costs. 

– The costs and benefits of the impacts of an intervention are evaluated in terms 
of the public’s willingness to pay for them (benefits) or willingness to pay to 
avoid them (costs). 

– Inputs are typically measured in terms of opportunity costs - the value in their 
best alternative use. 

– The guiding principle is to list all parties affected by an intervention and place 
a monetary value of the effect it has on their welfare as it would be valued by 
them. 

• The process involves monetary value of initial and ongoing expenses vs. expected 
return.  
– Constructing plausible measures of the costs and benefits of specific actions 

is often very difficult.  
– In practice, analysts try to estimate costs and benefits either by using survey 

methods or by drawing inferences from market behavior. 
• For example, a product manager may compare manufacturing and marketing 

expenses with projected sales for a proposed product and decide to produce it 
only if he expects the revenues to eventually recoup the costs. 
– Cost–benefit analysis attempts to put all relevant costs and benefits on a 

common temporal footing. 
– A discount rate is chosen, which is then used to compute all relevant future 

costs and benefits in present-value terms.  
Most commonly, the discount rate used for present-value calculations is an interest 
rate taken from financial markets. 

What is BCR and how it is calculated? 

 The Benefit - Cost Ratio (BCR) 

 A BCR is the ratio of the benefits of a project or proposal, expressed in monetary 

terms, relative to its costs, also expressed in monetary terms. It is an indicator, 

used in the formal discipline of Cost-Benefit Analysis (CBA) that attempts to 

summarize the overall value of money of a project or proposal. 

 In the absence of funding constraints, the best values for money projects are 

those with the highest Net Present Value (NPV). Where there is a budget 

constraint, the ratio of NPV to the expenditure falling within the constraint 

should be used.  

 In practice, the ratio of NPV to expenditure is expressed as a BCR. 

 A major shortcoming of BCRs is that, by definition, they ignore non-monetized 

impacts. Attempts have however been made to overcome this limitation by 

combining BCRs with information about those impacts that cannot be 

expressed in monetary terms  

2.3 Process of Selecting Best-bet ISFM Technologies Using BCR 

 The Criteria for Selecting AEZ Specific ISFM Technologies 
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The Criteria used in selecting the best-bet and AEZ specific ISFM technology were: 
1. The Benefit Cost Ratio (BCR)/returns per investment of the technology 
2. Practicability of the technology 
3. The yield attained using the technology - food security 

 

Criteria for picking best-bet ISFM technologies using BCR  
• Consider carefully the yields versus the BCR by a given technology. The higher 

the yield with corresponding higher BCR is more advisable than lower yield with 
higher BCR.  

• Any technology with a BCR of 2 or above is considered profitable.  
• BCR represents a key driver for willingness to invest  
• Also consider the practicability of the technology for easier adoption. The more 

practical a technology is the more advisable it is.  
• Consider also the yields obtained and not just the BCR of a technology; higher 

yields determines food security 
• BCR follows marginal analysis which gives a response curve; the dy/dx formula.  

 

In this report the BCR is used to select the best value for money of harmonized ISFM 

technologies.  

Rating the technologies  
• BCR between 6 and above –Excellent technologies 
• BCR between 4.0 and 5.9– very good technologies 
• BCR between 2.0 and 3.9–good technologies 
• BCR between 1.5 and 1.9–Marginal returns/Subsistence technologies 
• BCR between 1.0 and 1.4–Unprofitable technologies 
• BCR below 1.0 – Loss making technologies  
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3.0 Western Region (Western and Nyanza) 

Western consists of eight districts namely: Bungoma, Busia, Mt. Elgon, Kakamega, 

Lugari, Teso, Vihiga and Butere-Mumias. With a total land area of 8,264 km2, it is one 

of the most densely populated regions and has the most evenly distributed rainfall in 

Kenya. 

 

The annual rainfall averages range between 900 and 2200 mm. The reason is that after 

the convectional rainfall of the first rainy season (March - May), the normally long dry 

season (June - October) receives heavy rains too with a peak in August - September. 

They are caused by a convergence of the daily Lake winds, attracted by the daily 

heating up of the land, with the Trade winds from the East. This circulation causes dry 

component near the Lake, and thus the rainfall is much smaller than in Nyanza 

because the shore is stretching mainly parallel to the Trade winds.  

 

Nyanza  

Nyanza comprises of various agro-ecological zones and rainfall areas, distributed as 
follows: 

 Kisii group of districts (Marani, Masaba South, North Masaba, Kisii, Manga, 
Borabu, Nyamira, Nyamache, Kenyenya, Gucha)- LH1, LH2, UM1, UM2 
(rainfall 1300-2100 mm) 

 South Nyanza group of districts (Homa Bay, Ndhiwa, Suba, Mbita, Rachuonyo, 
Nyatike, Rongo, Uriri, Migori, Kuria) - UM1, UM2, UM3, UM4, LM1-5 (rainfall 
700-1800 mm) 

 Kisumu group of districts (Kisumu, Nyando and Nyakach)- UM1, UM2, UM3, 
LM1-4 (rainfall 980-1800 mm) 

 Siaya group of districts (Bondo, Rarieda, Siaya and Ugenya) - UM1, UM2, LM1-
5 (rainfall 800-1900 mm) 

 

In western Kenya the following soil types are found:  Acrisols, Arenosols, Cambisols, 
Ferralsols, Fluvisols, Gleysols, Histosols, Lithosols, Luvisols, Nitosols, Planosols, 
Regosols, Solonchaks and Vertisols. 
 
Various soil types are found in Nyanza including sandy clay in the lower zones, 
Mbuga or black cotton soils in the plains and loamy clay soils of the Kisii highlands. 
Soils here vary greatly according to the prevailing parent material. In higher regions, 
soils are dark red clays which are fertile and well drained. In the Kavirondo Gulf, soils 
are sandy loam formed from sedimentary rocks. Alluvial deposits of eroded material 
from uplands are common along flood plains of rivers such as Nyando, Yala, Nzoia, 
and Kuja. In plains such as the Yala and Kano plains, peat swampy soils and black 
cotton soils dominate. Volcanic soils interspersed with fertile peat swampy soils are 
found in the uplands. Soils in these regions are generally productive. The soils are in 
most places not fertile due to the widespread absence of adequate volcanic or other 
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young parent material. Areas with sedimentary rocks occur in the lowlands at an 
altitude ranging from 1000 m and have loamy sandy soils.  
 
The annual average rainfall increases from 700 mm near Lake Victoria to more than 
2200 mm on the high plateaus of the Kisii Group of Districts. The distribution during 
the year is not typically bimodal in two rainy seasons as in East Kenya but tends to be 
tri-modal. The reason is, that after the convectional rainfall of the first rainy season, 
the normally long dry season gets heavy rains too, the “middle rains”, because they 
occur in the middle between the first and the second rainy season with a peak in 
August – September. These middle rains may be called already second rainy season 
where they are sufficient enough for crop growing. The eastern type of it with the 
main rainfall in November-December is almost disappearing in West Kenya, only a 
small peak remains. But here the rainfall and the stored moisture in the soil are 
generally so high that in humid areas there are permanent growing conditions or 
almost permanent ones Near the Lake shore, in the West and in the Southwest, the 
rains from October to December are small and unreliable. This may cause semiarid 
conditions up to February, changing Zone IV to Zone V (Fig. 1). 
 

Fig 3.1 Agro-ecological zones found in Western Kenya 

 

3.1Maize/Beans cropping systems 

In western Kenya, beans are mainly intercropped with maize. Other intercrops of 
maize and Soya beans, finger millet and other legumes also exist. The soils are mainly 
acidic and thus liming reflected the highest grain yield under bean mono-cropping 
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system. In an intercropping system where two rows of legume are planted between 
two rows of maize (MBILI), higher yields of the legume are attained. This is attributed 
to less competition for moisture and light among the legume and the cereal. In the 
meta-analysis presented below, several agro-ecological zones (AEZ) were considered. 
Under intercropping system, though legume grain yield could be low, the benefit cost 
ratio is compensated by the cereal yield, thus giving both economic and food security. 
On addition of nitrogen, potassium or phosphorus at 50 kg/ha there were yield 
increases to more than 1 t/ha. This is an indication that the soils are low in essential 
soil nutrients. When more than one nutrient were combined, the yields exceed 2 t/ha. 
Earlier recommendations done by Fertilizer Use Recommendations Project (FURP) 
and the most recent work done by Optimizing Fertilizer Recommendation in Africa 
(OFRA) project the both projects recommended fertilizer application of between 60-90 
kg N/ha and 26-60 kg P/ha for maize bean intercropping. In this harmonized fertilizer 
recommendation for maize-bean intercrop, the recommended rate for maize-bean 
intercrop is 50-60 kg N/ha and 40-60 kg P/ha. This puts into consideration the benefit 
a farmer may get on application of these fertilizer. Potassium (K) being a limiting 
nutrient, more work needs to be done to ascertain the recent recommendations for K 
though at the moment application of 40-50 kg K/ha has demonstrated positive 
response in maize-bean intercrop. In previous studies, the soils in this region have 
shown low organic carbon and data analysis done in this project shows a 
recommendation of organic materials at the rate of 5 t/ha (Table3.1.1).  The organic 
materials can be farm yard manure, biomass transfer of organic green leaves and twigs 
or insitu green manure incorporated in the soil.  
 

Table 3.1.1.Maize-bean intercrop and mono-crop Fertilizer recommendations for 

Western Kenya 

      Grain yield (t/ha)   

AEZ 
Cropping 
system 

Technology Maize Beans BCR 

UM1 Intercrop 
DAP 40 kg P/ha + CAN 50 kg 
N/ha+ MOP 40 kg K/ha 

7.89 1.03 8.21 

  Intercrop DAP 40 kg P/ha + CAN 40 kg N/ha 6.91 0.96 7.18 
 Intercrop DAP 60 kg P/ha + CAN 60 kg N/ha 7.09 0.66 6.07 

  Intercrop No fertilizer 0.73 0.48 0 

UM2 Intercrop DAP 60 kg P/ha + CAN 60 kg N/ha 7.28 0.89 6.43 
  Monocrop DAP 50 kg P/ha - 2.38 12.55 
  Intercrop No fertilizer 1.2 0.25 0 
  Monocrop No fertilizer   0.78 0 

LM2 Intercrop TSP 10 kg P/ha + CAN 10 kg N/ha 1.48 0.86 7.1 
  Intercrop DAP 30 kg P/ha + CAN 60 kg N/ha 3.25 0.67 2.21 
  Intercrop No fertilizer 1.19 0.44 0 

LM3 Monocrop FYM 5 t/ha  - 1.13 6.85 

  Monocrop DAP 40 kg P/ha - 1.55 11.87 
  Monocrop TSP 25 kg P/ha - 0.82 7.19 
  Monocrop Lime 5 t/ha - 1.75  2.67 
  Monocrop FYM 5 t/ha - 0.67 2.21 
  Monocrop No fertilizer - 0.23 0 
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UM1 – Kisii, Ogembo, Kenyenya, Nyamira North, Etago, Magenche, Gucha, Nyamache, Otamba, 
Nyamarambe, Maseno, Kibingei, Chavakali, kaimosi, Vihiga, Hamisi, Luanda, Emuhaya, 
Sabatia, Tiriki, Khayega, Kabras east, Muhandi, Igunga, Jepkoyai 

 
UM2 – Kabondo, Kimilili, Sirisia, Kamakoiwa 
 
LM2 – Marinde, Rangwe, Mirogi, Oyugis, Uriri, Rongo, Chwele, Kuria, Siaya, Ukwala, Akala, Boro, 

Umala, Mugai, Malakisi, Ugenya, Miwani, Muhoroni, Kibigori, Sondu, Namasanda, Amukura, 
Alupe, Busia, Malaba, Matayos, Matsakha, Esikulu, Bungoma, Webuye, Sangalo, Bumula, 
Kanduyi 

 
LM3 – KenduBay, Kosele, Ndhiwa, Magunga, Homa Bay, Nambale, Suba, Migori, Mbita, KenduBay, 

Tongaren, Rachuonyo, Nyatike, Kadenge, BodoMadiany, Rangengni, Asembo, Usenge, 
Rarienda, Ajigo, Nyawita, Nyavita-Maranda, Nyamonge, Kibos, Awasi, Kisumu, Ahero, 
Nyakach, Nyando, Gem Nam, Budalangi, Funyula, Amagoro, Teso, Nagina, Sio Port, Hakati, 
Port Bunyala, Osieko, Angurai, Bukiri, Bulemi, Kamolo, Katalepai, Kimaeti, Tongaren, Myanga, 
Ndivisi 

 

3.2 Green grams cropping systems 

Green grams data obtained from western Kenya showed that the crop was being 
grown in intercropping system only. They were either intercropped with maize or 
finger millet. Table 3.2.1 showed that when fertilizer was applied at lower rates, maize 
yields were low but finger millet and green grams yields were high. Thus green grams 
needs about 10 kg/ha for both N and P although the maize yields obtained at this 
fertilizer rate is low. The fertilizer requirement for beans and green grams is different. 
However the benefit cost ratio was high in both scenarios indicating that the 
intercropping system in beneficial.  
 

Table 3.2.1: UM1 and LM3 fertilizer recommendations for green grams under 

intercropping systems 

   Grain yield (t/ha)  

AE
Z 

Cropping 
system Technology Maize 

Green 
grams BCR 

UM
1 

Intercrop TSP 10 kg P/ha + CAN 10 kg 
N/ha 

1.68 1.38 29.72 

LM
3 

  Finger 
millet 

Green grams 

Intercrop DAP 50 kg P/ha 1.66 0.83 9.74 

  Maize Green grams 

Intercrop No fertilizer inputs 0.92 0.81 0.00 

 
UM1 –Kisii, Ogembo, Kenyenya, Nyamira North, Etago, Magenche, Gucha, Nyamache, Otamba, 

Nyamarambe, Maseno, Kibingei, Chavakali, kaimosi, Vihiga, Hamisi, Luanda, Emuhaya, 
Sabatia, Tiriki, Khayega, Kabras east, Muhandi, Igunga, Jepkoyai 

LM3 – KenduBay, Kosele, Ndhiwa, Magunga, Homa Bay, Nambale, Suba, Migori, Mbita, KenduBay, 
Tongaren, Rachuonyo, Nyatike, Kadenge, BodoMadiany, Rangengni, Asembo, Usenge, 
Rarienda, Ajigo, Nyawita, Nyavita-Maranda, Nyamonge, Kibos, Awasi, Kisumu, Ahero, 
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Nyakach, Nyando, Gem Nam, Budalangi, Funyula, Amagoro, Teso, Nagina, Sio Port, Hakati, 
Port Bunyala, Osieko, Angurai, Bukiri, Bulemi, Kamolo, Katalepai, Kimaeti, Tongaren, Myanga, 
Ndivisi 

 

3.3 Soya beans cropping systems 

Soya beans in western Kenya are grown under mono-crop, intercrop and rotational 

cropping systems (Nyongesa et al., 2017). Higher yields of Soya beans are obtained 

under mono-crop cropping systems but under intercropping systems the yields are 

low. Under rotational cropping systems, maize yields tend to be higher.  Generally, 

Soya bean yields seem to be enhanced when both fertilizer and inoculant are used.  It 

is recommended that apart from fertilizer application, it is necessary to inoculate soya 

beans to obtain reasonable yields (Table 3.3.1). 

Table 3.3.1LM1 &LM2Soya bean mono and intercropping fertilizer 

recommendations 

  

 

Grain yield 
(t/ha) 

 

AE
Z 

Cropping 
system Technology 

Maize Soya 
beans 

BC
R 

LM
1 

Monocrop TSP 50 kg P/ha - 2.08 9.82 

Intercrop TSP60 kg P/ha + Urea 60 kg N/ha + 
MOP 60 kg K/ha 

4.93 0.75 2.37 

 Monocrop TSP 60 kg P/ha + Urea 80 kg N/ha+ 
Inoculant 

- 1.02 0.43 

 Monocrop No fertilizer - 0.5 0 

LM
2 

Monocrop 

DAP 10 kg P/ha+ Inoculation 

- 1.18 12.5
6 

 Rotation TSP 60 kg P/ha + Urea 60 kg N/ha + 
MOP 60 kg K/ha  

5.43 1.23 5.34 

 Intercrop TSP 60 kg P/ha + Urea 60 kg N/ha + 
MOP 60 kg K/ha  

5.25 0.61 2.69 

 Monocrop No fertilizer - 0.83 0 

 

LM1 – Rongo, Nyamarambe, Sega, Rangala, Yala, Sigomere, Matete, Kiboswa, Nambale, Butula, 

Busia, Mayende, Buchenya, Akobwait, Butsotso, Kakamega, Malava, Mumias, Lurambi, Bukura, 

Butere, Munami, Marama, Khwisero, Matungu, Navakholo, Ikolomani 

LM2 – Marinde, Rangwe, Mirogi, Oyugis, Uriri, Rongo, Chwele, Kuria, Siaya, Ukwala, Akala, Boro, 
Umala, Mugai, Malakisi, Ugenya, Miwani, Muhoroni, Kibigori, Sondu, Namasanda, Amukura, 
Alupe, Busia, Malaba, Matayos, Matsakha, Esikulu, Bungoma, Webuye, Sangalo, Bumula, 
Kanduyi 

 

In Table 3.4.1, the need for fertilizer application combined with inoculation is well 

demonstrated. In LM3 and UM1, inoculation without application of fertilizer Soya 

bean yields are low but when phosphorus and nitrogen are applied, the yield is 
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increased significantly. This implies that N and P are essential for inoculation to be 

effective. Benefit cost ration is enhanced under intercropping system especially when 

the yield of one crop is low (Table 3.4.1).  

Table 3.4.1.LM3 and UM1fertilizer recommendations for Soya bean under mono- 

crop and intercropping systems 

AEZ   Grain yield (t/ha)  

 Cropping 
systems 

Technology Finger 
millet 

Soya 
bean BCR 

LM3 Intercrop DAP 50 kg P/ha 1.69 0.68 8.64 

 Monocrop TSP 50 kg P/ha - 1.83 8.57 

 Monocrop TSP 60 kg P/ha + MOP 60 kg P/ha - 1.79 4.75 

 Monocrop Inoculation - 0.62 4.68 

 Monocrop DAP 30 kg P/ha + CAN 60 kg N/ha - 1.35 2.24 

 Monocrop No fertilizer - 0.43  

UM1 Monocrop FYM 5 t/ha - 2.62 17.16 

 Monocrop DAP 60 kg P/ha + Inoculant - 2.90 11.91 

 Monocrop DAP 60 kg P/ha + CAN 60 kg N/ha - 1.26 0.37 

 Monocrop No fertilizer - 0.94 0.00 

LM3 – KenduBay, Kosele, Ndhiwa, Magunga, Homa Bay, Nambale, Suba, Migori, Mbita, KenduBay, 
Tongaren, Rachuonyo, Nyatike, Kadenge, BodoMadiany, Rangengni, Asembo, Usenge, 
Rarienda, Ajigo, Nyawita, Nyavita-Maranda, Nyamonge, Kibos, Awasi, Kisumu, Ahero, 
Nyakach, Nyando, Gem Nam, Budalangi, Funyula, Amagoro, Teso, Nagina, Sio Port, Hakati, 
Port Bunyala, Osieko, Angurai, Bukiri, Bulemi, Kamolo, Katalepai, Kimaeti, Tongaren, Myanga, 
Ndivisi 

 

UM1 – Kisii, Ogembo, Kenyenya, Nyamira North, Etago, Magenche, Gucha, Nyamache, Otamba, 
Nyamarambe, Maseno, Kibingei, Chavakali, kaimosi, Vihiga, Hamisi, Luanda, Emuhaya, 
Sabatia, Tiriki, Khayega, Kabras east, Muhandi, Igunga, Jepkoyai 

3.4 Cowpeas 

Cowpeas in western Kenya are grown mainly for its green vegetables rather than for 

seed production. Studies need to be carried out to ascertain whether there are varieties 

that can produce grain for consumption in western Kenya and their fertility 

requirement under different agro-ecological zones.  
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4.0 Eastern Kenya 

Eastern Kenya is located in the Arid and semi-arid area of Kenya. About four-fifths of 

Kenya’s land mass is classified as arid or semi-arid lands (ASAL). The areas 

principally considered as very arid (200-350 mm annual rainfall), arid (350-500 mm) 

and semiarid areas (500-800 mm) (Fig. 2). Pulses like beans, cowpeas, pigeon peas, 

green grams perform well in these areas due to their little water requirement and 

ability to tolerate warm temperatures.  

The ecology of semi-arid areas allows for better intensification of agricultural 

production systems in a way that arid areas do not. Nevertheless, both arid and semi-

arid areas experience chronic food insecurity resulting from rapid population growth, 

poor soils, degraded ecosystems, low and erratic rainfall and changing seasonal 

patterns arising from climate change. 

 

This region is mainly characterized by low and erratic rainfall coupled by low soil 

organic matter. Thus crops that require little soil moisture perform well in this regions. 

There is also need to add organic matter in the soil for the applied nutrients to respond 

well. 

 

The soils of Eastern Kenya include: Luvisols, Acrisols, Andosols, Arenosols, 
Cambisols, Chernosems, Ferralsols, Fluvisols, Gleysols, Lithosols, Nitosols, Solonetz 
and Vertisols. The predominant soil types are Luvisols, Acrisols and Vertisols (for a 
more detailed description see appendix I). The other soils are not of significant 
economic importance in terms of agricultural area they occupy. Their texture ranges 
from sandy loam to loamy sand with tendency to harden when dry but are friable 
when wet. They are deep and well drained in the drier areas due to presence of 
petroplinthite (murram) horizons. They have low organic matter (<1% C), mainly due 
to the poor growth of natural and human modified vegetation and removal of crop 
residues for livestock feeding. They have low water holding capacity, are generally 
medium to slightly acidic (pH 5.0 to 6.5) in the surface horizons, poor structural 
development, are highly erodible and prone to surface sealing and capping through 
the energies of high-intensity rainfall and solar radiation.  
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Figure 4.1: Arid and Semi-arid districts in Kenya 

 
Counties covered in this harmonization under the ASALs in Eastern are Machakos, 
Makueni, Tharaka, Kitui and Embu.  
In this section harmonized fertilization technologies for beans and cowpeas grown in 

both mono and intercropping systems and economic analysis are given. The 

harmonization was done according to agro-ecological zones, however, the beans and 
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the corresponding cowpeas fertilizer recommendations can be used in any of the agro-

ecological zone in the arid and semi-arid lands giving nearly the same yields.  

 

4.1Beans (Phaseolus vulgaris L) cropping systems 

A wide range of bean varieties have been bred and grown in both the ASALs and high 

rainfall areas. A number of factors affect bean yields; one of the factors is agronomic 

practices. This refers to whether the beans are grown as an intercrop or mono-crop. 

Apart from the agronomic practices, fertilization plays a key role in beans production 

especially at flowering, pods formation and seed filling growth stages. The results 

below show a meta-data analysis of different bean varieties and their yields under 

different studies carried out in eastern Kenya. 

In eastern Kenya, beans yields are generally higher under monocropping than in 

intercropping system.  Inoculation and application of farm yard manure seems to be 

key in crop production in eastern Kenya (Tables 5 and 6). Both mono and 

intercropping systems are profitable as long as right fertilization (inoculation, organic 

manure and inorganic fertilizers) are used. Generally application of both N and P at 

40 kg/ha and organic manure at about  5 t/ha gives good yields and returns per 

investment (Tables 4.1.1, 4.1.2, 4.1.3) in both mono and intercropping systems. This 

drier part of Kenya, intercropping is essential for the purses of food security and 

source of protein. In the case where one crop fails in intercropping system there a 

possibility of harvesting the other.  

 

Table 4.1.1LM4 Beans fertilizer recommendations under mono and intercrop 

systems 

      Grain yield (t/ha)   

AEZ Cropping system Technology Maize Bean BCR 

LM4 Intercrop TSP 40 kg P/ha 1.46 0.70 3.96 
  Intercrop TSP 40 kg P/ha + CAN 30 kg N/ha 2.04 0.82 2.60 
  Intercrop TSP 40 kg P/ha + CAN 60 kg N/ha 2.31 0.99 1.91 
  

Intercrop 
TSP 40 kg P/ha + CAN 60 kg N/ha 
+ Elemental sulphur20 kg S/ha 

2.05 1.03 1.43 

  Monocrop FYM 5 t/ha - 2.30 5.84 
  Monocrop FYM 2 t/ha - 0.95 3.31 
  Monocrop FYM 5 t/ha + CAN 20 kg N/ha - 1.07 1.08 

 

Embu County -Mbeere 

In LM5 agro-ecological zone, inoculation showed the highest benefit cost ratio and 

also bean yield, thus it is good for both food security and economic venture. 

LM4: Makueni County –Emali), (Machakos County- Mwala, Makutano, Ikiwe), 
(Kitui County-Mwingi, Kisasi, Mutomo, Kithioko, Ithookwe, Mutitu,)  
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Intercropping resulted in lower yields possibly due to competition for light, water and 

the fact that in an intercrop scenario, fertilizer is applied only in maize and not in 

beans. Under mono-crop management, fertilizer is applied to the bean crop, 

additionally, when inoculated higher yields are achieved. Application of   TSP 40 kg 

P/ha + CAN 40 kg N/ha yields more than a tone but due to fertilizer costs, the costs 

benefit ratio is low. When DAP is used in place of TSP, lower yields are realized due 

to formation of more vegetation than grain yield. Although not tested in these studies, 

there is a strong inclination towards little fertilizer application in addition to 

inoculation to attain the best yields (Table 6).  

 

Table 4.1.2 LM5 beans fertilizer recommendations under mono and intercropping 

systems 

      Grain yield (t/ha)   

AE
Z 

Cropping 
system 

Technology Maize Beans BCR 

LM
5 

Intercrop Inoculant 3.93 1.19 29.89 

  Intercrop CAN 40 kg N/ha 3.88 0.98 2.72 
  Intercrop FYM 5 t/ha 2.75 0.97 2.16 
  

Intercrop 
TSP 40 kg P/ha + CAN 40 kg 
N/ha 

3.96 1.20 1.55 

  Intercrop TSP 40 kg P/ha 2.65 0.98 0.08 
  Intercrop No fertilizer 1.02 0.75 0 

  Monocrop Inoculant - 1.59 18.24 
  

Monocrop 
TSP 40 kg P/ha + CAN 40 kg 
N/ha 

- 1.00 0.32 

  Monocrop No fertilizer - 0.59 0 

 

LM5 –Machanga, Mutuobare, Emali (Makueni)) 

 

In wetter agro-ecological zone (UM4), a higher rate of fertilizer is required. This is 

because a substantial amount of the nutrients is either washed away in erosion, 

leached down or vaporize. Although there are no significant differences in bean yields 

under intercrop and mono-crop systems, mono-crop showed slightly higher yields. In 

intercrop systems, beans benefit more when planted in the same hill as the maize but 

in mono-crop systems, fertilizer is applied directly to the bean crop. When only TSP 

is applied at TSP 20 kg P/ha, higher benefit cost ratio is realized but the yields remain 

below one ton. However, when 20 kg N/ha is added, the yields exceed one ton. The 

yields are even better under mono-crop than intercrop. To avoid unbalanced 

application of essential nutrients, application of N, P and K is required and thus TSP 

20 kg P/ha + CAN 20 kg N/ha is more viable (Table 7). 

 



19 
 

Table 4.1.3 UM4 Beans fertilizer recommendations under mono and intercrop 

Systems in Eastern Kenya 

  
    Grain yield 

(t/ha) 
  

AEZ 
Cropping 
system 

Technology Maize  Beans BCR 

UM4 Monocrop TSP 40 kg P/ha + CAN 40 kg N/ha - 2.73 19.0 
  Monocrop TSP 20 kg P/ha - 0.84 13.43 
  Intercrop TSP 20 kg P/ha + CAN 20 kg N/ha 2.62 0.63 9.89 
  Monocrop FYM 5 t/ha - 1.05 6.29 
  Monocrop TSP 20 kg P/ha + CAN 25 kg N/ha - 1.73 5.41 
  

Monocrop 
FYM 10 t/ha + DAP 20 kg P/ha + CAN 
20 kg N/ha 

- 1.18 1.89 

 
UM4 -Machakos and Makueni Counties: Machakos County -Machakos Central, 
Kimutwa, Kwa Vonza, Masii, Wamunyu, Katumani, Kangundo, Mitaboni, Kalama  
Makueni County -Kampiyamawe, Mbooni, Wote, Kilome; Kitui central, Tharaka, 

Embu (Mbeere, Mwea) 

4.2 Cowpeas (VignaunguiculataL) cropping systems 

Cowpeas are indigenous to Africa. It is a protein-rich legume crop that leaves nitrogen 
in the soil and therefore has beneficial effect on the follow-up crop. Cowpeas can be 
planted as an intercrop or in rotation and can tolerate drought. It can tolerate arid and 
semi-arid climatic conditions.  
 
In eastern Kenya, cowpeas seems to do well under monocrop and rotational cropping 

systems. Generally application of both N and P at not more than 20 kg/ha and organic 

manure at not more than 5 t/ha gives good yields and benefit cost ratio under both 

mono and intercropping systems. From the table below, millet appears to benefit from 

the cowpeas rotation thus giving high yields but sorghum does not seem to respond 

in a similar manner. 

Under rotation management, application of TSP 20 kg P/ha + AS 20 kg N/ha gave the 
highest grain yield which is necessary for food security and at the same time came out 
as one of the best technologies in terms of benefit cost ratio (Table 4.2.1).  

 

 

 

 

 

 

 

 

 



20 
 

 

Table 4.2.1: LM4 Fertilizer recommendations for cowpeas cropping systems 

   Grain yield (t/ha)  

AE
Z 

Cropping 
system Technology 

Maize Cowpeas Millet BCR 

LM
4 

Rotation AS 20 kg N/ha 2.41 1.49 1.76 34.08 
Rotation TSP 20 kg P/ha + AS 20 kg 

N/ha 
2.32 1.53 2.30 19.27 

Rotation TSP 40 kg P/ha + AS 20 kg 
N/ha 

3.27 1.77 2.15 15.07 

Rotation TSP 80 kg P/ha + AS 20 kg 
N/ha 

3.27 1.81 2.48 9.27 

Rotation No inputs 0.99 0.33 - 0.00 

Intercrop Tied ridging 1.70 0.95 - 14.17 
Intercrop Trash lines 0.74 0.63 - 7.04 
Intercrop CAN 40 kg N/ha 2.15 0.20 - 1.10 
Intercrop Manure 5 t/ha 1.86 0.19 - 0.18 
Intercrop TSP 60 kg P/ha + AS 20 kg 

N/ha 
0.73 0.48 - -1.13 

Intercrop FYM 5 t/ha + TSP 40 kg 
P/ha + AS 20 kg N/ha 

0.50 0.20 - -2.38 

 Intercrop No inputs 0.50 0.33   
   Sorghum Cowpeas   
 Rotation TSP 40 kg P/ha + AS 20 kg 

N/ha 
1.10 0.72  1.76 

 Rotation Goat manure 5 t/ha 0.56 0.61  1.24 
 Rotation Goat manure 10 t/ha 0.96 0.58  -0.02 
 Rotation FYM 5 t/ha + TSP 40 kg 

P/ha + AS 20 kg N/ha 
1.26 0.46  -0.40 

    Cowpeas   
 Monocrop Goat manure 5t/ha - 1.03 - 1.38 

 

LM4 -Makueni County –Emali), (Machakos County-Mwala, Makutano, Ikiwe), (Kitui County-Mwingi, 
Kisasi, Mutomo, Kithioko, Ithookwe, Mutitu,) Embu County -Mbeere 

 

In the drier agro-ecological zone LM5, the yields remained below half a ton. Although, 

CAN 20 kg N/ha, showed to be the best technology to be tried in ASAL, it may not be 

sustainable due to application of a single nutrient. Addition of P at 20 kg P/ha 

managed to add about 0.15 t/ha of the yield, which is good for food security and at 

least two sources of nutrients are used (Table 4.2.2). 
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Table 4.2.2: LM5 fertilizer recommendations for cowpeas under rotation and 

intercrop systems 

 
AEZ 

  Grain yield (T/ha)  

Cropping system Technology Maize Cowpeas BCR 

 
LM5 

Rotation AS 20 kg N/ha 0.45 0.23 2.48 
Rotation TSP 30 kg P/ha + AS 20 kg N/ha 0.51 0.37 1.14 
Rotation TSP 80 kg P/ha + AS 20 kg N/ha 0.75 0.28 -0.33 
Intercrop AS 20 kg N/ha 0.92 0.46 7.07 
Intercrop TSP 20 kg P/ha + AS 20 kg N/ha 1.30 0.51 4.61 
Intercrop TSP 40 kg P/ha + AS 20 kg N/ha 0.49 0.19 -0.25 
  Sorghum Cowpeas  

Rotation Goat manure 5 t/ha 0.55 0.38 1.91 
Rotation Goat manure 10 t/ha 0.22 0.36 -0.50 
Rotation No inputs 0.57 0.32 0.00 

 

LM5 – Machanga, Mutuobare, Emali (Makueni)) 

In wetter UM4 agro-ecological zones, higher yields were obtained on application of 

NPK fertilizers at 50 kg P/ha. The yields recorded in these zones exceeded 1 t/ha 

(Table 4.2.3). 

Table 4.2.3: UM4 fertilizer recommendations for cowpeas cropping systems 

 
AEZ 

  Grain yield (t/ha)  

Cropping 
system 

Technology Maize  Cowpeas BCR 

UM4 Intercrop Leaf harvesting 1.34 0.88 11.34 
 Intercrop No leaf harvesting 2.63 1.21 17.81 
 Rotation No fertilizer inputs 2.60 2.90 0.00 
 Monocrop TSP 20 kg P/ha - 0.84 3.81 
 Monocrop TSP 20 kg P/ha + CAN 20 kg 

N/ha 
- 1.74 3.59 

 Monocrop NPK (20:20:20) 50 kg P/ha - 1.31 1.78 
 Monocrop TSP 20 kg P/ha + CAN 75 kg 

N/ha 
- 1.25 0.33 

 Monocrop TSP 20 kg P/ha + CAN 225 kg 
N/ha 

- 1.17 -0.53 

 
UM4 – Machakos County -Machakos Central, Kimutwa, KwaVonza, Masii, Warungu, Katumani, 

Kaganda, Mattaponi, Kalama; Makueni County –Kampi ya Mawe, Mbooni, Wote, Kilome; 
Tharaka, Embu(Mbeere, Mwea) 
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5.0 Pigeon Peas (Cajanus Cajan L.) 

 

 

Pigeon pea is an important grain legume crop of rain-fed agriculture in the arid and 

semi-arid lands. Pigeon pea is produced as a vegetable or export grain crop in 

southern and eastern Africa. In Kenya, pigeon pea is the third most widely grown 

pulse crop, and it is one of the fastest growing cash crops with an annual growth rate 

of 3% in the last decade. Pigeon pea is a perennial shrub that is commonly grown as 

an annual crop. It has very slow initial development (up to 2 months after planting). 

With a deep taproot, pigeon peas are able to take up nutrients and water from lower 

subsoil layers. Therefore, in crop mixes they hardly compete with the companion 

crops. This crop grows and yields well under conditions of low rainfall and poor soil. 

Pigeon pea is well balanced nutritionally and an excellent source of protein. Pigeon 

pea is useful as tall hedges on dry soil and on the bunds of paddy fields. The branches 

and stems can be used for baskets and firewood. It is often grown as a shade crop, 

cover crop or windbreak. After establishment, pigeon pea improves the soil by its 

extensive root system. The bacterium Rhizobium that lives on the roots of the pigeon 

pea is able to fix nitrogen and thus to improve soil fertility. Fallen leaves are used 

as mulch. 

Although a nitrogen fixing species, fertilizer is recommended at levels of 9-11 

kg/acres (20–25 kg/ha) N. Phosphorus is the most limiting factor for pigeon pea and 

a basal application of 20 kg P/ha is required at planting. To enhance Nitrogen fixation 

the seeds can be inoculated with Rhizobium. Pigeon pea can be used as a green manure 

crop. The nitrogen fixation capacity of pigeon pea is estimated to be 235kg N/ha. The 
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leaves and immature stems can be cut and used as a green manure that will enrich 

both soil nitrogen and organic matter. Optimum temperatures for pigeon pea 

cultivation range from 18 to 380C. Pigeon pea does not tolerate frost. Above 290C, soil 

moisture and fertility need to be adequate. Rainfall optimum is 600-1000 mm/year. 

Pigeon pea is a short day plant. Flowering is triggered by short days, whilst with long 

days plants grow vegetative. It is sensitive to high salinity and to water logging. It 

flowers well where rainfall is 1500 to 2000 mm. On deep, well-structured soil it will 

grow where rainfall is 250 to 370 mm. Pigeon pea is rarely found above altitudes of 

2000 m. Drained soils of reasonable water-holding capacity and with pH 5-7 are 

favourable for its growth. Pigeon pea does not tolerate shallow soils or water logging.  

It can be grown as a mono-crop, an intercrop with maize or other cereals, or even as a 

perennial hedgerow. While pigeon pea is widely grown in the drier areas of eastern 

Kenya, it can also be grown at the coast, western, rift valley and Central Kenya. There 

are a number of varieties of the pigeon peas that can do well in these regions (Table 

5.1) 

Table 5.1.Pigeon pea varieties in Kenya and their characteristics: 

  Variety 
Maturity 
period 
(days) 

Potential 
yield (90 kg 
bags/acre) 

Characteristics 

"Kat 
60/8" 

135-150 

5-7 for one 
season (13 
for 2 
seasons) 

Grains are white with brown spots and smaller seed 
size than local races. Grows between 0-1800 m above 
sea level and performs well where temperatures are 
high. Tolerant to Fusarium wilt and leaf spot diseases. 
Susceptible to pod sucking bugs and pod borers. 

"Kat 
81/3/3" 

170-185 6-11 

Tolerant to wilt, pod sucking bugs and pod borers. 
Cream white grain with large brown patches. Adapted 
to medium and higher altitudes (over 900 m above sea 
level) 

"Kat 777" 160-180 6-10 
Oval white seeds. Adapted to medium and higher 
altitudes (above 900 m above sea level) 

"ICPL 
89091" 

120 
4 for one 
season, 8 for 
2 seasons 

It is grown in the same range of altitude as "KAT 60/82" 
but is more adapted to the more humid coastal zones. 
Performs best in pure stands at quite high density. 

"Mbaazi-
1" 

105-120 
4 in one 
season 

Grows between 600 and 900 m above sea level. Grain 
greyish in colour. Should be grown as a pure stand 

"Mbaazi-
2" 

150-180 6 
Adapted to medium and high altitudes (900 - 1800 m). 
Grain greyish in colour. Tolerant to insect pests and 
Fusarium wilt 

"Mbaazi-
3" 

90-105 6 
Performs well at altitudes 10-1500 m. Grain greyish in 
colour 
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Table 5.2:UM4 and LM4 fertilizer recommendations for pigeon peas under mono-

crop systems 

AEZ Cropping system Technology 

Grain yield (t/ha) 

Pigeon peas  BCR 

UM4 Monocrop FYM 5 t/ha 1.43 1.28 
Monocrop FYM 5 t/ha + CAN 75 kg N/ha 0.91 -0.61 
Monocrop No input 0.44 0.00 

LM4 Monocrop No fertilizer input 1.25 6.04 
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6.0 Dolichos Lablab (Lablab purpureus L.) 

 

 

Dolichos Lablab (Lablab purpureus (L.) commonly known as lablab bean or turtle beans 
is a bushy, semi-erect, perennial herb, a multipurpose crop grown for pulse, vegetable, 
forage and green manure. It is a versatile crop that grows in altitudes from 500-1,800m 
above sea level, tolerates droughts, heat as high as 28-350C, and wide range of soils, 
including acidic and black cotton. Soils should be free draining, sandy-loam of pH 5-
7. It requires application of two and half tonnes of manure per hectare and about 20 
kg P/ha at planting. The crop can grow in areas with rainfall as low as 400mm with 
dry spell incidence and where deep soils are available, but best in excess of 750mm 
but not above 2,500mm. 
 
Lablab does not easily nodulate with native strains of rhizobia, and although it is often 
not inoculated, it is preferable to treat the seed with the cowpea strain CB756. The 
most common varieties are KAT/DL-1, KAT/DL-2 and KAT/DL-3 and they yield 
between 6 to 10 tonnes/ha. It can be grown in Central, Eastern, Coast and Rift Valley. 
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7.0 Green grams (Vigna Radiata L) 

 

 

Green Gram or Mung bean is locally known as Pojo (Swahili) or Ndengu. Green grams 
are annual legume crops grown for their seed. The grams could be green, black or 
yellow in colour. Has low fertilizer requirement and thus it can be grown with or 
without fertilizers, however,  application of 2.0 tons of well decomposed 
FYM/compost/ha during plantingespecially on very poor soils is beneficial. Addition 
of 5-10 quintal neem leaf manure is also beneficial not only in terms of increased 
nutrient supply, but also in terms of reduced problem of soil borne pathogens, 
nematodes and termites. For inorganic fertilizers, apply 8 kg N + 20 kg P205 (50 kg 
DAP or 20 kg urea + 125 kg SSP) per hectare as basal at panting. Can be grown in 
altitudes between 0 – 1600masl under warm climatic conditions. Optimum rainfall is 
650 mm. Heavy rainfall and cool temperatures result in increased vegetative growth 
with reduced pod setting and development. The best agronomic practices to obtain 
good yields in green grams is shown below (Table 7.1) 
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Table 7.1: Green gram Production Summary 

Production 

Varieties KVR 22 (N 22) and KVR 26 (N 26) 

Seed Rate 25 kg per hectare 

Fertilizer Rate 50 kg of Phosphorus per hectare 

Planting Spacing 45cm between rows with population of 300,000 to 400,000 
plants per ha 

Husbandry Avoid planting green gram for more than one season because 
toxic residues and disease organisms from the previous green 
gram crop may affect the following crop adversely. Propagation 
is by seed. Seeds may sprout in the pod under very humid 
conditions. In areas with higher rainfall, it is recommended to 
grow green grams on raised beds. Green grams will respond to 
fertiliser or manure application. You can intercrop with crops of 
longer periods. 

Pest & Diseases Pest Name Symptoms Control 

 Bacterial blight 
(bean blight) 

Leaf spots appear as 
small, water-soaked or 
light-green areas on 
leaflets 

Crop rotation 

Maturity Duration 2 – 3 Months 

Climatic Conditions Green grams grow best at an altitude of 0-1600 m above sea level 
and under warm climatic conditions (28 to 30°C). They are well 
adapted to red sandy loam soils. They are drought tolerant and 
will give reasonable yields with as little as 650 mm of yearly 
rainfall. 

Harvesting Harvesting is generally by two to five hand-pickings at weekly 
intervals and is the most expensive single operation in growing 
green gram. Short-duration cultivars, which ripen more 
uniformly, may be processed as whole plants on small rice 
threshers. Harvesting when 95% of pods have turned black is 
recommended. The whole plant can then be uprooted and dried 
for about 2 days, then threshed and winnowed. 

Post-Harvest and Storage Grams must be dry before storage. Like most pulses moisture 
content at storage should not be above 13%. Grams are very 
susceptible to bruchid (bean weevil) attack. Treat accordingly. 

Growing Regions Eastern, Coast, Nyanza and Western Kenya 

Expected yields 1.5 ton/ha 
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8.0 Coastal Region 

The counties covered under the coastal region are: Kwale, Kilifi, Lamu, Mombasa, 

Taita-Taveta, &Tana River.  The coastal region falls into agro- ecological climatic zones 

sub-humid (II) to semi-arid (V) (Fig.3). Thus the coastal sub-humid zone II is 

considered having good potential (60-70% of optimum) for sugarcane-maize, zone III 

for coconut-cassava, zone IV for cashew nut-cassava and the semi-arid zone V for 

Livestock/forages-millet enterprises. The rainfall is bimodal with long rains (March-

July) and short rains (October-December) (Jaetzold and Schmidt, 1982). The important 

soils are sandy Acrisols, Arenosols, Ferralsols and deep well drained eutric and 

thionic Fluvisols, and imperfect to poorly drained Cambisols and Vertisols with 

saline-sodic phases. The predominant soil types are Acrisols, ferralsols and Vertisols. 

The well drained soils occurring in Zones II and III are fairly well suited to small scale 

arable farming - sugarcane, coconut (light soils) cashew, mango with maize, cassava 

and vegetables and poorly drained soils for grazing. 

 

The deep to moderately deep, well drained relatively fertile soils (Ferralsols, 

Arenosols, Luvisols) in Zones III and IV have good potential for small scale 

arable/mixed farming with intermediate technology (Jaetzold and Schmidt, l982). The 

main tree crops are coconuts (light soils only), cashew, mango, bixa and avocadoes 

with food crops –maize, cassava, sorghum, legumes and vegetables. The potential for 

food crops is much lower during short rains for Zone IV. The soils of the vast semi-

arid to arid Zones V and VI (Fluvisols, Cambisols, Planosols, Luvisols, Vertisols, 

Solenetzs with sodic phases), particularly on the north east coast, have low potential 

for arable farming and best used for Livestock, pasture and forages and draught 

resistant crops such as millet, sorghum, beans, peas and green grams. 
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Figure 8.1: Agro-ecological zones found at the Kenya coastal region 

 

At the coastal region, although many other pulses can be grown successfully, only the 

yields of groundnuts were captured for this harmonization. In the coastal region, there 

is need for more research work to be done as the information provided in the tables 

below is inadequate.  Few research work recorded shows that the region has low 

organic carbon in the soil and high soil pH. The tables 10a and 10b below shows the 

need for fertilizer application of legume crops under both mono and intercropping 

systems. At the moment it be difficult to give a clear fertilizer recommendation, 

however, the OFRA studies recommended application of N at 31 kg/ha, P at 26 kg/ha 

and K at 15 kg K/ha for cowpeas.  

These demonstrated the need for application of higher rates of N (90 kg N/ha) (Table 

8.1).  

 

Table 8.1: CL3-4 fertilizer recommendations for beans under intercropping systems 

AEZ   Grain yield (t/ha)  

 
CL3-4 

Cropping system Treatment Maize Beans BCR 

Intercrop FYM 5 t/ha + DAP 50 kg P/ha  2.54 1.17 6.39 

Intercrop CAN 50kg N/ha 1.35 0.70 5.73 
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Table 8.2: CL3-4 fertilizer recommendations for Green grams under mono cropping 

system 

AEZ 

 
 

 Grain yield 
(t/ha)  

Cropping 
system Treatment 

 Green grams 
BCR 

CL3-4 
Monocrop DAP 50 kg P/ha + CAN 60 kg 

N/ha 
  

2.70 
 

7.09 
 Monocrop FYM 5 t/ha + DAP 50 kg P/ha + 

CAN 60 kg N/ha 
 

0.79 
 

0.65 

CL3-4: Malindi, Lamu, Kwale, Kilifi, South-Eastern Tana River 
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9.0 Central Region 

The Counties encompassed under the central highlands of Kenya include: Kiambu, 
Nyeri, Nyandarua, Kirinyaga, Murang’a, Maragua and Meru.  The central Kenya 
highlands contain unique agro-ecological zones and subzones as well as magnificent 
landforms that include forests and catchments.  The pattern of the Agro-Ecological 
Zones starts on Nyandarua Range with the Tropical Alpine Zones TA I and II. They are 
currently used as National Park but some parts of TA I could possibly be opened up 
for seasonal grazing stock from the over-populated zones below the forest. The forest 
reserves are mainly situated in steep wet areas unsuitable for agricultural use (UH 0 
and UH 1). The row of Agro-Ecological Zones LH 1, UM 1-5 and LM 3-4 occurs at 
descending altitudes towards the foot-plains in eastward direction. Towards the 
Laikipia Plateau and the Rift Valley rain shadow occurs, therefore the zones UH 2, 3 
and LH 2, 3, 4, 5 indicate decreasing rainfall already in higher altitudes (Fig. 9.1). 
 
The average annual rainfall increases from less than 400 mm in the low eastern plains 
to more than 2200 mm on the southeastern windward side of the Nyandarua Range 
in 2200 – 2700 m, the main altitude for condensation and rain from the clouds of the 
SE Trade winds. The distribution of rainfall is typically bimodal with two distinct 
rainy seasons, the first one with its peak in April and the second with the peak in 
November; the intervening dry season is distinct, except in the misty and cloudy 
altitudes above 1800 m, and west of the Nyandarua Range and Mt. Kenya where 
middle rains induced from Western Kenya occur. 
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Figure 9.1 Agro-ecological zones in central Kenya 

 

The soils are predominantly humic Nitisols, deep and well drained with nitrogen as 

the main limiting nutrient for crop production. The soils are prone to acidification. 

Other than for the challenges that may be posed by climate change, rainfall is often 

sufficient for crop growth for most parts in the region. 

 

In this region, only beans and a few studies on Soya bean were recorded. There were 

no cowpeas, pigeon peas, and green gram studies recorded.  Also for beans, only in a 

few agro-ecological zones were the studies carried out. Soya bean is not part of the 

report in this document because it is classified more as an oil seed than a pulse 

according to Food and Agriculture classification. 

 

9.1 Beans cropping systems 

In the central Kenya, earlier FURP recommendation was 60 kg/ha for both N and P. A more 

recent recommendation carried out by OFRA showed that maize-bean intercrop requires 66 

kg N/ha and 19 kg P/ha. In the meta-analysis work inoculating the beans in a mono-cropping 

systems was found to be more commendable. Under intercropping systems, use of organic 

manure in combination with both N and P fertilizers was found to be essential. In this region, 

beans are mainly intercropped with maize, coffee or potatoes. Beans are esteemed the 

second staple crop after maize; this is because a variety of traditional meals are 

prepared with beans. However, bean production has been on the decline owing to 



33 
 

declining soil fertility, land size and shifting to horticultural crops which offers higher 

economic returns within a short period of time. Nevertheless farmers still plant beans 

either among the horticultural crops or intercropped with other food crops. Due to 

increased soil acidity, any application of liming materials (either lime or gypsum) 

resulted in higher yields. To obtain a higher economic returns, lower rates of P (30 kg 

P/ha) and Lime at 1.5 t/ha had the highest benefit cost ratio (BCR) with a yield of 

about 4 ½ 90-kg bags/acre. Although application of higher rates of fertilizers 80 kg P 

or N had highest yield (7 90-kg bags/are), due to high cost of fertilizers, the returns 

per investment were low (Table 9.1.1).    

 

In LM4 the beans yields were below 1.5 t/ha with highest yields being obtained where 

high rates of nitrogen and phosphorus were applied but the returns were barely 60 

cents on investment. Thus making application of higher rates of fertilizers on beans to 

be uneconomical. The most economical venture was application of nitrogen at 30 kg 

N/ha which yielded about 3 ½ 90-kg bags/acre (Table 9.1.1).  

 

Table 9.1.1: LH3 and LM4fertilizer recommendations for beans under mono and 

intercropping systems 

AE
Z 

  Grain yield (t/ha)  

Cropping 
system Technology Maize Beans BCR 

LH
3 
 

     

Intercrop Farm yard manure 5 t/ha 2.80 1.27 12.96 

 Farm yard manure 10 t/ha 2.90 0.81 4.50 

Monocrop TSP 60 kg P/ha - 1.20 4.76 

 CAN 40 kg N/ha - 0.84 3.75 

Monocrop SSP 50 kg P/ha - 1.03 2.05 

 TSP 80 kg P/ha + Urea 80 kg N/ha 
+ Gypsum 40 kg S/ha 

- 1.61 2.03 

Monocrop No inputs - 0.22 0.00 

LM
4 
 

Monocrop Inoculant - 1.03 21.17 

Monocrop DAP 50 kg P/ha + CAN 30 kg 
N/ha 

- 1.25 3.11 

Monocrop FYM 5 t/ha - 0.68 1.61 

 CAN 90 kg N/ha - 0.94 1.09 

 FYM 5 t/ha + CAN 90 kg N/ha - 0.90 0.32 

 FYM 10 t/ha - 0.62 0.10 

 FYM 10 t/ha + CAN 90 kg N/ha - 0.93 0.06 

LH3 – Githunguri, Othaya, Kigumo, Tigoni, Kijabe, Kikuyu, Mweiga, Karatu, Mwagu 

LM4 – Gatuanyaga, Mbeere, Siakago, Mwea, Ngoliba, Wanguru, Kambiti 

 

In both UM2 and 4 inoculation seems to be the key to bean production especially under mono-

cropping system (Table 9.1.2).  
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Table 9.1.2: UM2 and UM4 fertilizer recommendations for beans under mono and 

intercropping systems 

AEZ 
  Grain yield (t/ha)  

Cropping 
system Technology Maize Beans BCR 

UM2 
 

Monocrop Inoculation - 1.21 13.87 
Intercrop FYM 5 t/ha + TSP 50 kg P/ha 5.20 1.90 9.07 
Monocrop FYM 5 t/ha + TSP 30 kg P/ha + 

CAN 30 kg N/ha 
- 0.80 -0.76 

Monocrop FYM 10 t/ha + CAN 30 kg N/ha - 0.44 -1.71 
Monocrop TSP 60 kg P/ha + CAN 30 kg N/ha - 0.28 -2.58 
     

UM4 
 

Intercrop FYM 5 t/ha + CAN 80 kg N/ha  5.7 0.95 4.85 

 TSP 50 kg P/ha - 0.96 3.38 

 CAN 50 kg N/ha - 1.09 2.99 

 TSP 90 kg P/ha - 0.74 0.44 

 CAN 100 kg N/ha - 0.81 0.18 

Monocrop Inoculation - 2.01 47.49 

 MOP 50 kg K/ha - 1.73 24.97 

 No fertilizer input - 0.44 0.00 

UM2 – Kangema, karinga, Gakira, Kandara, Kagumo, Karatina, Mathira, Kerugoya, Gathuki-ini, 
Kirunda 
UM4 – Thika, Ruiru, Gatundu, Ndumberi, Makuyu, Kieni East, KALRO Kandara, Kiambu 
central 
 

In UM3, inoculation under monocropping system had the best BCR and good grain 

yield. When P at 90 kg/ha is inoculated more yield is attained (table 9.1.3).  

Table 9.1.3 UM3 Beans fertilizer recommendations under mono and intercropping 

systems 

AEZ 
    Grain yield (t/ha)   

Cropping system Technology Maize Beans BCR 

  Intercrop FYM 5 t/ha + CAN 20 kg N/ha  4.28 0.8 8.05 

    FYM 5 t/ha + CAN 60 kg N/ha 3.15 0.66 8.01 

UM3  
DAP 30kg P/ha + CAN 60 kg 
N/ha 

5.47 1.1 6.52 

    FYM 10 t/ha  2.5 0.52 2.63 

  Monocrop Inoculant - 2.68 70.92 

    TSP 40 kg P/ha + CAN 30 kg K/ha - 2.67 9.83 

   TSP 90 kg P/ha + inoculant - 3.05 8.29 

   FYM 5 t/ha - 0.92 3.3 

    TSP 60 kg P/ha + CAN 30 kg N/ha - 1.12 1.94 

   Lime 10t/ha - 1.78 0.17 

    No inputs - 0.33 0 
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9.2 Soya beans Cropping systems 

Any application of P about 30 kg/ha is a good venture especially in UM4. UM2 seems 

to be unfavorable for soybeans despite application of rate of 30 kg P/ha and above 

(table 9.2.1).  

 

Table 9.2.1: UM2 and UM4 fertilizer recommendations for Soya beans 

AEZ Cropping 
system Technology 

Grain yield 
(t/ha) 

Soya bean BCR 

UM2 
 

Monocrop Manure 10 t/ha + CAN 30 kg N/ha 1.60 1.91 
 Manure 5 t/ha + TSP 30 kg P/ha + CAN 

30 kg N/ha 
1.42 1.85 

 Inoculation 0.53 0.95 
 TSP 60 kg P/ha + CAN 30 kg N/ha 0.95 0.74 
 Tithonia 5 t/ha + TSP 30 kg P/ha + CAN 

30 kg N/ha 
0.83 0.10 

Monocrop No inputs 0.47 0.00 

UM4 

Monocrop TSP 60 kg P/ha + CAN 30 kg N/ha 2.66 2.20 
 Tithonia 5 t/ha + TSP 30 kg P/ha + CAN 

30 kg N/ha 
2.68 1.58 

 Manure 5 t/ha + TSP 30 kg P/ha + CAN 
30 kg N/ha 

2.53 1.11 

UM2 – Kangema, karinga, Gakira, Kandara, Kagumo, Karatina, Mathira, Kerugoya, Gathuki-ini, 
Kirunda 
UM4 – Thika, Ruiru, Gatundu, Ndumberi, Makuyu, Kieni East, KALRO Kandara, Kiambu 
central 
 

A similar scenario as found in UM2 is observed in UM3 although in this AEZ higher yields 

were recorded especially when only N is applied at 80 kg/ha (Table 9.2.2).  

Table 9.2.2: UM3 fertilizer recommendations for Soya beans 

AEZ 
Cropping 
system Technology 

Grain yield 
(t/ha) BCR 

UM3 

Monocrop TSP 25 kg P/ha 1.66 16.09 
 CAN 80 kg N/ha 2.58 12.98 
 Manure 5 t/ha + TSP 30 kg P/ha + CAN 

30 kg N/ha 1.35 1.80 
 Tithonia 5 t/ha + TSP 30 kg P/ha + CAN 

30 kg N/ha 1.22 1.21 
 Manure 10 t/ha + CAN 30 kg N/ha 1.17 0.92 
 TSP 60 kg P/ha + CAN 30 kg N/ha 0.76 0.22 
 No inputs  0.45 0.00 
 TSP 30 kg P/ha + Urea 80 kg N/ha 0.58 -0.33 
 TSP 60 kg P/ha + Urea 80 kg N/ha 0.54 -0.53 

UM3 –Kinganjo, Ithanga, Muranga central, Maragua, Barisho, Sagana, Karatina 
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10. Rift Valley Region 

In the earlier administrative boundaries where Kenya was divided into eight 
provinces, Rift valley was the largest of the eight running from northern to the 
southern part of Kenya. It was the largest and one of the most economically important 
provinces. Currently the area formerly referred to as rift valley province is now 
divided into 14 counties namely: Turkana, West Pokot, Samburu, Trans Nzoia, Uasin 
Gishu, Elgeyo-Marakwet, Nandi, Baringo, Laikipia, Nakuru, Narok, Kajiado, Kericho 
and Bomet. In this manual Rift Valley is divided into 3 sub-regions namely North Rift, 
Central Rift and South Rift. The sub-regions and counties are shown in Table 14 and 
cover many agro-ecological zones.  

Table10.0: Agro-ecological zones as distributed across the counties in Rift Valley 

County  Agro-ecological zones 

North Rift  

Turkana UM6, LM6, LM7, IL7 

West Pokot UH1, UH2,LH1,LH2,LH3,LH4,UM3,UM4,UM5,LM4,LM5,LM6,IL6 

Samburu UH2,LH2,LH3,LH4,UM3,UM4,UM5,LM5,LM6,LM7,IL7 

Elgeyo-
Marakwet 

UH1,UH2,UH3,LH1,LH2,LH3,UM3,UM4,LM4,LM5,IL6 

Baringo UH1,UH2, LH2, LH3, UM3, UM4, UM5, LM4, LM5, LM6 

Central Rift  

Trans Nzoia UH1,UH2,LH1,LH2,UM2,UM3,UM4,UM5 

Nandi UH1,LH1,LH2,LH3,UM1,UM2,UM3,UM4,LM1, LM2 

Uasin Gishu UH1,UH2,UH3,LH2,LH3,LH4,UM3,UM4 

Kericho UH1,UH2,LH1,LH2,LH3,UM1,UM2,UM3,UM4,LM2,LM3 

Bomet LH1, LH2,LH3,UM3,UM4 

Laikipia UH2, LH2, LH3, LH4, LH5, UM4, UM5, UM6, LM6 

Nakuru UH1, UH2, UH3, LH2,LH3,LH4,LH5,UM4,UM5,UM6,LM5 

South Rift  

Narok UH1,UH2,UH3,LH1,LH2,LH3,LH4,UM1,UM2,UM3,UM4,UM5,UM6, 
LM1,LM2,LM3,LM4,LM5,LM6 

Kajiado LH2,LH3,UM1,UM3,UM4,UM5,UM6,LM4,LM5,LM6,IL6 

 

 
 
North Rift  
North Rift is divided into the following counties: Turkana, West Pokot, Samburu, 
Elgeyo-Marakwet and Baringo. However Turkana has not been included in this 
manual because there is almost no farming in the county. The dominant agricultural 
activities there are ranching or livestock keeping & some fishing in Lake Turkana. Soils 
found in the remaining 4 counties (West Pokot, Samburu, Elgeyo-Marakwet & 
Baringo) include: Acrisols, Cambisols, Ferralsols, Luvisols, Nitosols, Phaeozens, 
Solonetz and Vertisols with Nitosols, Cambisols, Acrisols, Luvisols, Ferralsols and 
Verisols occurring in most parts of the 4 counties.  
 
Central Rift 
Central Rift is made up of: Trans Nzoia, Nandi, Uasin Gishu, Kericho, Bomet, Laikipia 
and Nakuru counties. Soils found in these 7 counties include: Acrisols, Andosols, 
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Cambisols, Ferralsols, Histosols, Luvisols, Nitosols, Phaeozens, Planosols, Regosols, 
Solonchaks and Vertisols, with Nitosols, Cambisols, Acrisols, Luvisols, Ferralsols and 
Verisols occurring in most parts of the 7 counties. Histosols are found only in the 
Tropical-Alpine zones I and II on Mount Elgon in Trans Nzoia County. Planosols are 
found in the southwestern part of Bomet County that borders Narok County while 
Regosols are only found around Menengai crater in Nakuru County 
 

South Rift 
South Rift is composed of only 2 counties namely: Narok and Kajiado. Soils that are 
found in these 2 counties are: Andosols, Arenosols, Cambisols, Luvisols, Phaeozems, 
Planosols, Solonchaks and Vertisols with Cambisols, Luvisols and Vertisols being the 
dominant soil types in the 2 counties.  
 

In general the soils in most counties of the Rift Valley region are fertile due to volcanic 
origin and other young parent materials. 
 

 
Figure 10.1: Agro-ecological zones found in rift valley region 
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10.1 Beans cropping systems 

In LH1-3, the beans require application of phosphorus (P) at basal planting. Starter 

nitrogen (N) is also required but a lot of N lowers the yields. From the harmonized 

studies, more P (80 kg P/ha) had the highest yields and good returns per every shilling 

of investment. Use of a compound fertilizer DAP followed by topdressing with CAN 

gave low yields and a consequent loss in investment per every shilling (Table 10.1.1).  

 

Table 10.1.1:  LH1-3fertilizer recommendations for beans cropping systems 

 
AEZ 

  Grain yield (t/ha)  

Cropping system Treatment Maize Beans BCR 
LH1-3 Intercrop TSP 30 kg P/ha 3.67 0.74 14.09 

 Intercrop TSP 30 kg P/ha 3.09 0.86 13.17 
 Intercrop TSP 20 kg P/ha +  CAN 50 kg N/ha 4.58 0.50 7.90 
 Intercrop TSP 60 kg P/ha 3.87 0.76 7.01 
 Intercrop TSP 40 kg P/ha +  CAN 50 kg N/ha 5.91 0.58 5.61 
 Intercrop Farm yard manure 10 t/ha 3.67 0.83 3.88 
 Intercrop Farm Yard manure 5 t/ha + TSP 25 kg P/ha 3.91 0.40 3.86 
 Intercrop TSP 80 kg P/ha +  CAN 50 kg N/ha 5.31 0.58 3.22 
 Intercrop TSP 120 kg P/ha 4.09 0.53 2.57 
 Intercrop CAN 50 kg N/ha 2.18 0.43 1.96 
 Intercrop Lime 6 t/ha + TSP 60 kg P/ha 4.87 0.65 0.75 
 Intercrop Lime 6 t/ha 3.07 0.76 0.50 
 Intercrop No input 1.05 0.30 0.00 
 Monocrop DAP 10 kg P/ha - 0.50 18.37 
 Monocrop DAP 15 kg P/ha - 0.18 3.65 

 

In UM1-2, application of P at 30 kg P/ha the highest yield and returns per investment. 

In UM3, higher levels of P (80 kg P/ha showed highest grain yield. In other words the 

most important soil nutrient for bean production in these agro-ecological zones is P 

(Table 10.1.2).  

 

Table 10.1.2: UM1-2 fertilizer recommendations for beans under mono and 

intercropping systems 

 
AEZ 

 
Cropping system Technology 

Grain yield t/ha  

Maize Beans BCR 

 
 
UM1-2 

Monocrop  DAP 30 kg P/ha - 1.53 9.17 
Monocrop TSP 20 kg P/ha + Urea 20 kg N/ha - 0.54 -2.06 
Intercrop Boma Compost 2 t/ha + DAP 15 kg P/ha 4.57 0.99 18.43 

Intercrop Maize stover 2 t/ha + DAP 15 kg P/ha 4.65 0.83 17.06 

Intercrop DAP 60 kg P/ha + CAN 60 kg N/ha  5.05 1.61 6.39 

Intercrop No inputs 1.27 0.22 0.00 

 

A similar scenario as observed in UM1-3 was observed in UM4-5 where P application 

at 80 kg P/ha gave the highest yields and BCR (Table 10.1.3).  
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Table 10.1.3: UM3-5 fertilizer recommendation for beans under mono and 

intercropping system 

 
AEZ 

  Grain yield 
(t/ha) 

 

Cropping 
system Treatment Maize Beans BCR 

 
 

UM3
-5 

Intercrop Farm yard manure 5 t/ha 4.09 0.65 12.98 
Intercrop Farm yard manure 5 t/ha + DAP 50 kg 

P/ha 
5.18 0.50 7.15 

Intercrop SSP 40 kg P/ha + CAN 40 kg N/ha 5.67 0.92 6.87 
Intercrop Farm yard manure 10 t/ha 3.51 0.69 5.44 
Intercrop No inputs 1.07 0.22 0.00 
Monocrop DAP 30 kg N/ha - 1.70 20.93 
Monocrop TSP 80 kg P/ha + Urea 80 kg N/ha + 

Elemental-S 40 kg S/ha 
 
- 

 
1.56 

 
3.03 

Monocrop TSP 80 kg P/ha + Urea 80 kg N/ha + 
Gypsum 40 kg S/ha 

 
- 

 
1.49 

 
2.85 

Monocrop CAN 60 kg N/ha - 0.25 0.20 
Monocrop No inputs 0.47 0.00 

 

 

  



40 
 

11.0 Recommendations 

 In western Kenya, the recommended meta-analysis fertilizer application rates 
for maize-bean intercrop is 50-60 kg N/ha and 40-60 kg P/ha. This puts into 
consideration the benefit a farmer may get on application of these fertilizer. 
Potassium (K) being a limiting nutrient, more work needs to be done to 
ascertain the best recommendations.  

 
 Green grams needs about 10 kg/ha for both N and P although the maize yields 

obtained at this fertilizer rate is low.  
 

 Soya bean fertilizer recommendation for intercropping system is more like for 
the maize-bean intercrop but inoculation is recommended.  

 
 Cowpeas is grown mainly for its green vegetables rather than for seed 

production. Studies need to be carried out to ascertain whether there are 

varieties that can produce grain for consumption in western Kenya and their 

fertility requirement under different agro-ecological zones.  

 

 In eastern Kenya, inoculation and application of farm yard manure is key in 

crop production. Application of both N and P at 40 kg/ha and organic manure 

at about 5 t/ha are more recommended rates for both maize-bean mono and 

intercropping systems.  

 

 Cowpeas recommended fertilizer rate application of both N and P at 20 kg/ha 

and organic manure at not more than 5 t/ha.   

 

 In this drier part of Kenya, intercropping is essential for food security. This 

ensures that in the case where one crop fails the other crop can be harvested. 

 

 In the coastal region, there is need for more research work to be done as the 

information provided in the tables below is inadequate.  Few research work 

recorded shows that the region has low organic carbon in the soil and high soil 

pH. There is need for fertilizer application for legume crops under both mono 

and intercropping systems. At the moment it may be difficult to give a clear 

fertilizer recommendation. However, the OFRA studies recommended 

application of N at 31 kg/ha, P at 26 kg/ha and K at 15 kg K/ha for cowpeas.  

 

 Rift valley region, Lower Highland zone, the meta-analysis work recommends 

application of P at 40 kg/ha and N at 50kg/ha for maize-beans intercropping 

system. 
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 In the Upper midland zone, application of N and P at 60 kg/ha under 

intercropping system and 30 kg P and about 10 kg p/ha for beans mono-crop.  

 

 In the central region, meta-analysis work recommends inoculating beans in a 

mono-cropping systems while under intercropping systems, use of organic 

manure in combination with both N and P fertilizers was found to be essential 

at the rate of 5 t/ha and 40 kg N and 30 kg P/ha. 

12.0 Conclusions 

There is great potential for pulses production in Kenya but few studies have been 

carried out on these important legumes. These legumes are mainly grown under 

intercrop and no fertilizer is directly applied to them, only maize the main intercrops 

cereal which receives the fertilizer. The legumes benefit through nitrogen fixation or 

from previous fertilizer application. From the studies carried out the legumes have 

the potential to yield more than 2 t/ha under good agronomic management practices. 

Thus more research on legumes which are the main source of protein among many 

rural populations is encouraged.  
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