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ABSTRACT 

The production of common bean Phaseolus vulgaris in Kenya has been reducing due 
to declining soil fertility. The use of synthetic fertilizers has been linked to soil 
acidification, which constrains plant growth and interferes with beneficial 
rhizosphere biota. The application of composts is being encouraged, and farmers in 
Western Kenya are being trained on composting of locally available organic 
materials. However, there is need to establish the performance of such farmer-
produced composts in terms of improving soil fertility and biota, for instance 
Rhizobium, rhizobacteria, fungi, micro- invertebrate, as well as mitigating 
infestations by foliar pests such as Aphis fabae, Frankliniella occidentalis, 
Colletotrichum lindemuthianum. A field experiment was conducted on Masinde 
MuliroUniversity of Science and Technology farm, to assess belowground influence 
of farmer-produced composts on the soil biota, the foliar pests and yields of common 
bean. The experiment comprised 2 × 7 factorial treatments, with common bean 
cultivar having two levels i.e. Mwezi Moja (GLP 1004) and KALRO Kakamega 8 
(KK8);  with seven levels of soil fertility amendments, comprising five farmer-
produced composts(FC 1-5), with varying plant and animal waste ingredients , DAP 
fertilizer and untreated controls. Each of the resulting 14 treatment combinations 
comprised of twin plots (3 m × 2 m) for the two bean varieties, each having n = 40 
plants per variety, spaced at 50 cm × 15 cm, replicated in 3 blocks (24 m × 14 m) in a 
randomized block design, over a period of 2 seasons i.e. long rains (1st April to 30th 
June 2014) and short (17th July to 5th October 2014). Data collected includes, root 
endophytic (Rhizobium) and rhizosphere microbes (bacteria and fungi), soil micro-
invertebrates (nematodes and arthropods), the foliar pests A. fabae, F. occidentalis 
and C. lindemuthianum; and plant growth and yields. Statistical analysis was 
conducted using SAS 9.1 at p≤0.05. Apart from N and P, farmer-produced composts 
contained a variety of additional nutrients including, K, Ca, Mg, Fe, Cu, Mn and Zn 
that DAP lacks. Germination % was lowest in bean seeds grown with DAP (72.0 % 
b) and highest in those receiving FPC1 (85 % a), FPC3 (86.9 % a) and the controls 
(84.8 % a). Germination percentage was higher in KK8 bean variety (96 % a) than in 
Mwezi Moja bean variety (67 % b) (P<0.0001). Plant size and grain yields were 
generally better in compost-treated plots than in DAP and the control. Leaves were 
longest when farmer-produced compost FPC5 (9.4) and shortest in those that received 
DAP (7.9) and the controls(7.1) (P˂0.05) KK8 bean variety grown with farmer-
produced compost (CF1, CF3) and Mwezi moja variety grown with (CF1, CF4) had 
significantly higher N and K content than those receiving DAP and the controls 
(P˂0.05). Rhizobium root nodules, rhizosphere fungal and bacterial populations, 
were significantly higher in the compost-treatments than in DAP (P˂0.05), while soil 
nematode populations were significantly lower, but without variations in micro-
arthropod  population(p>0.05). At harvest, compost-treated plots had pH 5.3 and 
improved nutrient concentrations than DAP and control plots. The results of this 
study shows that, trained farmers produced composts contained important nutrients 
that were utilized by common bean to promote growth and yields, while enhancing 
endophytic colonization by beneficial Rhizobium species, and promoting rhizosphere 
colonization by bacteria and fungi, but suppressing soil nematode populations. 
Farmer-produced compost CF3 was relatively better in performance. However, there 
was no evidence that farmer-produced composts influenced bean infestation by the 
foliar pests. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

Common bean Phaseolus vulgaris L (Fabaceae) is a major staple food crop in Eastern 

Africa, which is rich in dietary protein among other nutrients (Wortmann et al., 1998). 

The crop has short growth cycle with considerably high adaptability to environmental 

conditions (Gentry, 1969), making it a suitable component for enhancing food 

security (Mkwambizi et al., 2011). The average bean production in Kenya is 500 Kg 

ha-1 which is below the potential of 2000 Kg ha-1; with annual national production of 

215,000 MT that unfortunately barely meets the 450,000 MT demand (Mungai & 

Karubiu, 2011). These reductions in bean production have been linked to decline in 

soil fertility, invertebrate pests such as the black bean aphid (Aphis fabae, Aphididae), 

thrips (Frankliniella occidentalis, Thripidae) and microbial pathogens such as 

Colletotrichum lindemuthianum (Naluyange et al., 2014).  

Although bean farmers are advised to apply inorganic (synthetic) fertilizers especially 

diammonium phosphate (DAP) (Graham & Rosas, 1979), there are no indications that 

bean yields have improved in Western Kenya (Marenya et al., 2009), while the effects 

of pests and diseases have still been increasing in Kenya and around the world (Altieri 

& Nicholls, 2003; Naluyange et al., 2014). Besides, soil acidification has been on the 

rise (Kisinyo et al., 2012), which interferes with beneficial rhizosphere biota such as 

symbiotic Rhizobium species that fix nitrogen (Ortiz-Castro et al., 2011). For such 

reasons, the use of composts and other organic soil fertility amendments is being 

encouraged (Beesley et al., 2010). Organic soil fertility amendments maintain soil 
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nutrient balance, thereby making bean plants more tolerant to pest-related herbivory 

and diseases (Naluyange et al., 2014). For some time now, there have been activities 

to train farmers in Western Kenya on self-production of composts from locally 

available organic matter (Delve & Ramisch, 2006; van Haute, 2014). 

1.2 Problem statement 

Use of inorganic fertilizers and insecticide has continually eroded our environment of 

its valuable soil biota which enriches the soil and consequently leads to low soil 

fertility. There have been efforts to improve soil fertility and food production on small 

scale farms in Western Kenya by training farmers in composting of locally available 

organic materials (van Haute, 2014). Composts enhance soil fertility (Diacono & 

Montemurro, 2010), promote soil colonization by beneficial microbes (Chen, 2006), 

thus improve plant tolerance to microbial pathogens and insect pests (Ghorbaniet al., 

2008; Naluyange et al., 2014), and increase crop yields (Ouédraogo et al., 2001; 

Manivannan et al., 2009). Composts are rich in nutrients especially carbon, nitrogen, 

phosphorus and potassium (He et al., 2001; Naluyange et al., 2014). These nutrients 

enhance the colonization of plants by beneficial endophytic and rhizosphere microbes 

(Diacono & Montemurro, 2010). Composts release compounds that are suppressive to 

microbial pathogens, nematodes and arthropod pests (Nico et al., 2004; Diánez et al., 

2006; Edwards et al., 2010; Kearsey, 2011). Despite these positive effects, compost 

can be  weighty and bulky, making it expensive to transport, there are also concerns 

regarding potential levels of heavy metals and other possible contaminants in 

compost, particularly mixed municipal solid wastes which becomes an important 

issue when compost is used on food crops, at time the rate of nutrient release is slow 

so that it cannot usually meet the nutrient requirement of crops in a short time, thus 
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resulting in some nutrient deficiency (Sikora & Szmidt, 2001; Lekasi et al., 2003), but 

are rather phytotoxic constraining the growth of plants and beneficial rhizosphere 

biota (Wong, 1985; Selim et al., 2012). The decline in bean production due to 

infestation by aphid A. fabae, thrips F. occidentalis and the microbial pathogen C. 

lindemuthianum could be addressed by using locally available materials in compost 

preparation and also achieve agronomical benefits in Western Kenya. 

1.3 Justification 

Use of compost is a viable option in addressing the problem of decline in soil fertility, 

especially when the right materials are used. Composts are rich in nutrients like 

carbon, nitrogen phosphorus, potassium as well as micronutrients (Tripathi & 

Bhardwaj, 2004; Naluyange et al., 2014). These nutrients are known to help attract 

beneficial rhizosphere biota, improve plant tolerance to pests (Naluyange et al., 2014), 

with overall increase in bean yields (Shahza et al., 2008). For example, carbon and 

nitrogen promote rhizosphere colonization by beneficial microbes such as Rhizobium 

(Afzal & Bano, 2008; Raaijmakers et al., 2009), while enhancing yields in legumes 

(Kostov & Lynch, 1998). Moreover, maintenance of high Rhizobium bacterial 

population in the rhizosphere improves other species of plant growth promoting 

bacteria to thrive (Shahza et al., 2008). Such plant growth promoting microbes release 

siderophores that bind to iron (Fe3+) in the rhizosphere, making it unavailable to 

phytopathogens and hence protecting plants (Mehta et al., 2013). Pests like 

spidermites (Tetranychus urticae) and aphids (Aphis fabae) that attack beans (Hussey 

& Bravenboer, 1971), can be suppressed when compost in the form of vermicompost 

is applied (Arancon et al., 2006). It has been established that water hyacinth-derived 

compost can enhance tolerance of common bean to A. fabae and C. lindemuthianum 

(Naluyange et al., 2014), this is achieved by stimulation of plant growth which 
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influences nitrogen physiology (Johnson et al., 2012). This study points to explore 

area of maximization of organic compost and manures that are readily available in 

proper functioning subsistence or large scale farming systems, The farmer can thus, 

exploit organic farming that has a large local and export market, with composting 

locally available materials being a viable option in enhancing; soil fertility, promoting 

root and rhizosphere colonization by plant growth promoting microbes, increasing 

plant tolerance to pests and diseases, resulting in improved plant growth and yields.  
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1.4 Objectives 

The general objective of this study was to determine belowground influence of 

farmer-produced composts on soil biota, foliar pests and yields of common bean P. 

vulgaris in Western Kenya. 

 Specific objectives of the research were:- 

1. To determine the effect of farmer-produced compost on root endophytic and 

rhizosphere microbes associated with beans within Western Kenya. 

2. To evaluate the effect of farmer-produced compost on bean infestation by aphids A. 

fabae, thrips  F. occidentalis and the microbial pathogen C. lindemuthianum.  

3. To assess the effect of farmer-produced compost on growth and yields of bean 

cultivars in Western Kenya. 

It was hypothesized that:- 

1. Farmer-produced compost is rich in nutrients that will enhance the colonization of 

beans by beneficial endophytic and rhizosphere biota. 

2. Farmer-produced compost is rich in nutrients that will help to suppress invertebrate 

pests such as the black bean aphid A. fabae, thrips F. occidentalis and the 

microbial pathogen C. lindemuthianum. 

3. Farmer-produced compost is rich in nutrients that will be utilized by the plant to 

promote bean plant growth and yields.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Soil fertility problem in Africa 

Soils in Africa have been undergoing degradation in fertility resulting in reduced crop 

yields (Sanchez et al., 2005; Hartemink, 2006). In the densely populated Western 

Kenya, over-cultivation has led to depletion of soil nutrients, especially nitrogen (N), 

phosphorus (P) and potassium (K) that are essential for crop production (Muchena et 

al., 2005). Inorganic synthetic fertilizers such as Diammonium Phosphate (DAP) are 

being used to address the decline in soil fertility (Kamau et al., 2014). Unfortunately, 

overuse of synthetic fertilizers has resulted in problems such as soil acidification that 

reduces land productivity (Tittonnel et al., 2008). Extreme soil pH interferes with soil 

carbon and inhibits nitrogen fixation by diazotrophic bacteria (Obura et al., 2010). 

Decline in soil fertility could lead to loss of biodiversity of fauna involved in the 

breakdown of vegetative material to humus (Tian, 1998). Besides, the synthetic 

fertilizers are expensive to most farmers in Western Kenya (Marenya & Barrett, 

2009). 

2.2 Soil types and bean productivity in Western Kenya 

The major soil types found in bean producing areas of Kenya include Luvisols, 

Cambisols, Andosols, Planosomls, Nitosols, Acrisols, Ferralsols, and Vertisols 

(Kamoni et al., 1998; Table 2.1). The dominant soil types in Western Kenya are 

Nitosols, Acrisols and Ferralsols (Rota et al., 2006; ISRIC, 2014; Naluyange et al., 

2014). Nitosols are characterized by a rich clay sub-soil with a good soil structure that 
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allows root penetration (Driessen et al., 2000; Bationo et al., 2006; Jaetzold et al., 

2007). Nitosols have no specific constrain to bean production but may require 

fertilization for maximum yields (Kamoni, 1988; Schnier et al., 1996). Acrisols are 

acidic with low base cations and a compact subsoil (horizon B) that makes water 

penetration  difficult, and thus insufficient mineral reserves, poor root penetration and 

low biological activity (Kisinyo et al., 2013). Acrisols are nitrogen and phosphorus 

deficient and thus require fertilization with the appropriate nutrients elements 

(Kamoni, 1988). Ferralsols are characterized by advanced weathering resulting in 

good soil depth and structure with improved drainage, thus allowing unlimited root 

penetration (Mairura et al., 2007). However, Ferralsols have relatively low water 

holding capacity and are deficient in calcium, manganese, potassium and 

molybdenum that are necessary for legume growth (Muchane et al., 2010).. In 

Kakamega county of Western Kenya, crop yields have been reported to be high on 

Nitosols, and Acrisols, but low on Ferralsols (Ngome et al., 2012). 

Table 2.1: Soil fertility constraints to bean productivity in Kenya 

Soil Type Constraint to bean production Control measure 

Nitosols None May require fertilization for maximum yield 

Acrisols Deficient in both N and P Require fertilization 

Ferralsols Highly deficient in both  N and P Require fertilization; good soil conservation 
measures 

Luvisols Deficient in N; susceptible to 
erosion 

Supply N; good soil conservation measure 

Cambisols None  

Andosols Highly susceptible to erosion Soil conservation measure 

Phaeozems Deficient in both N and P Require fertilization 

Planosols Deficient in both P and calcium 
and also N in some cases; poor 
soil drainage 

Require fertilization; improve drainage 

Vertisols Poor soil drainage Improve drainage 
Source: Kamoni (1988) 
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2.3 Composts 

Compost is the product of controlled biological decomposition of organic matter that 

has been sanitized through the generation of heat and stabilized to the point that it is 

useful for plant growth (Rao et al., 2007). Composts have the unique capacity to 

improve the chemical, physical, and biological characteristics of soils, although they 

are in principle not characterized as fertilizers (Ouédraogo et al., 2001). The type of 

material used in the composting process affects the quality of compost produced 

(Palm et al., 2001; Gardiner & Miller, 2008). Compost materials are often not sources 

of large amounts of available nutrients, commonly with less than 2 % of nitrogen (N), 

phosphorus (P) or potassium (K) (Gardiner & Miller, 2008). Foreign particles and 

contaminants such as heavy metals render organic materials unsuitable for 

composting (Brinton & Brinton, 1992). Mature composts have little physical 

resemblance to the raw material from which they are developed (Chefetz et al., 1996).  

2.4 Types of composts 

Compost can be made from plant material, animal waste, or mixtures of plant and 

animal wastes. Plant waste compost is generated from dry or green weeds and 

cultivated plants (Zendejas et al., 2015). Animal waste composts are mainly generated 

from animal manure (faeces) (Saeed et al., 2015). Mixed waste compost is a mixture 

of plant and animal waste (Nunes et al., 2015). 

2.4.1 Green waste composts 

A wide variety of plant materials including crops are used in the production of green 

waste composts. Such plant materials may be green wastes that are woody (trees and 

shrubs) or herbaceous (grasses and small flowering plants), sea weeds, crop residues 
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and wood by-products (Senesi, 1989). These materials vary significantly in chemical 

composition, particle size and hence decomposition rates (Cayuela et al., 2009; De 

Araújo et al., 2009). The use of diseased plants in composting is discouraged, 

although some pathogens may be eliminated by heat generated during composting 

(Starbuck, 2010). The following section explores some cultivated and wild plants that 

are being used for compost production, especially those available in Western Kenya.  

 2.4.1.1 Monocotyledonous plants 

Both cultivated and wild monocotyledonous plants available in Western Kenya are 

utilized in the production of green waste compost. Such cultivated monocotyledonous 

plants include poaceous crops such as maize Zea mays, sugarcane Saccharum 

officinarum L., millet Pennisetum glaucum, sorghum Sorghum bicolor, rice Oryza 

sativa, Napier grass Pennisetum purpureum (Fig 2.1) and banana Musa acuminata 

(Musaceae) (Mbau et al., 2015). Non-cultivated monocotyledonous plants with the 

potential of producing green waste compost include the Scurvy weed Commelina 

communis (Commelinaceae), water hyacinth Eichhornia crassipes (Pontederiaceae) 

(Naluyange et al., 2014) and Sedges (Cyperaceae) (Muthini et al., 2014; Sutton, 

2015). 

Residues of poaceous monocot plants are known to have the potential of producing 

quality compost (Hassanein & Abul-Soud, 2010). For example, maize is an important 

crop in Western Kenya (Odendo et al., 2001), where its highly available residues are 

commonly used for composting (van Haute, 2012). Compost made from maize stover 

was found to contain 1.68 % nitrogen, 0.48 % phosphorus, 1.41 % potassium with a 

carbon/nitrogen (C/N) Ratio of 1:13.5 (Hassanein & Abul-Soud, 2010). The 
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application of maize stover compost in a field was associated with increased maize 

seedling height and sufficient maturation period (Hassanein & Abul-Soud, 2010). 

  

Fig 2.1 Napier grass Pennisetum purpureum 
(Poaceae) 

Fig 2.2 Calliandra calothyrsus (Mimosoideae) 

  

Fig 2.3 Mexican sunflower Tithonia diversifolia 
(Asteraceae) 

Fig 2.4 Lantana camara (Verbenaceae) 

Source: Encyclopedia of life, 2016 (Online) 

 

Wheat and rice are other poaceous monocot plants used as compost. Hanc et al. 

(2008) found that composted wheat straw contained 1.29 % nitrogen, 0.15 % 

phosphorus and 1.20 % potassium. Wheat straw compost has been shown to improve 

the growth of mung bean Vigna radiata L. (Fabaceae) (Shen et al., 2001). Rice stalk 
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compost has been reported to contain 1.72 % nitrogen, 0.46 % phosphorus, 1.60 % 

potassium and 1:13 C/N ratio (Hassanein & Abul-Soud, 2010). Rice stalk compost 

improves maize growth (Hassanein & Abul-Soud, 2010), as well as significantly 

increasing cowpea yields when enriched with phosphate (Zyed & Abdel, 2005). 

Sugarcane is the main cash crop in Western Kenya whose wastes are readily available 

for composting (Mbau, 2015). Compost from sugarcane waste has been found to 

contain up to 37 % organic carbon, 1.5 % nitrogen, 3.5 % phosphorus and 0.8 % 

potassium (Ramaswamy, 1999). Water hyacinth Eichhornia crassipes is a floating 

aquatic weed (Gupta et al., 2007). This water weed is a source of valuable 

macronutrients such as nitrogen, phosphorus and potassium that are essential for plant 

nutrition (Sannigrahi et al., 2002; Gunnnarsson & Petersen, 2007; Naluyange et al., 

2014). Compost from mixture of water hyacinth and banana waste was found to 

contain C/N ratio of 15:2, 3.1 % potassium and 0.81 % phosphorus (Osama, 2013). 

This compost made of a mixture of water hyacinth and banana wastes significantly 

increased cowpea height, the number of root nodules as well as the nutrient content 

compared to chemical fertilizer (Osama, 2013). Adesina (2012) observed that the 

growth and yield of Lagos spinach Celosia argentea was improved when water 

hyacinth compost was applied. 

2.4.1.2 Dicotyledonous plants 

Both cultivated and wild dicotyledonous plants available in Western Kenya have the 

potential of producing biomass for green waste compost. Cultivated dicotyledonous 

plants of the family Fabaceae with potential to produce green waste compost include 

common bean P. vulgaris, Sesbania Sesbania bispinosa, pigeon pea Cajanus cajan 

and cowpea Vigna unguiculata (Kulkarni & Pandey, 1988; Egde & Ali, 2010). 
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Compost from cowpea has been found to contain 0.78 % nitrogen, 0.17 % phosphorus 

and 0.46 % potassium (Adamu et al., 2015), and increased rice yield by 19.1 % 

(Kulkarni & Pandey, 1988). Soy bean (Glycine max) stover compost increases 

mushroom yields (Hein, 1930). Maize grown with compost made from a stover 

mixture of cowpea, pigeon pea, Bambara nut, soy bean and groundnut has been found 

to have up to 76 % higher yield than maize grown using inorganic fertilizer (Egde & 

Ali, 2010). Calliandra calothyrsus (Mimosoideae) (Fig 2.2) is a cultivated 

leguminous tree that has been commonly used as green manure and compost 

(Brewbaker & Glover, 1988; Gichuru & Kang, 1989). Leaves of C. calothyrsus 

contain high protein content with 4.09 % nitrogen, 0.36 % phosphorus and 1.63 % 

potassium (Mucheru et al., 2014). Brewbaker & Glover (1988) observed that the yield 

of rice increased significantly when C. calothyrsus compost was used. However, the 

presence of high amounts of polyphenols (tannins) in the leaves of C. calothyrsus 

slows the rate of microbial breakdown of the organic matter reducing its value as a 

soil amendment (Heineman et al., 1997). 

Among root crops, cassava Manihot esculenta (Euphorbiaceae), sweet potato 

Ipomoea batatas (Convolvulaceae) and potato Solanum tuberosum (Solanaceae) are 

important sources of biomass for compost production. Cassava peel compost has been 

reported to enhance crop production (Ubalua, 2007) giving better growth and yield of 

waterleaf Talinum triangulare when composted with poultry manure (Iren et al., 

2015). Potato peel compost contains 4.41 % phosphorus, 1.37 % potassium and 13:43 

C/N ratio, while cassava peels contain 0.79 % phosphorus, 0.11 % potassium and 8:55 

C/N ratio (Sánchez-Bascones et al., 2008).  
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Non-cultivated dicotyledonous plants with the potential of producing green waste 

compost include Tithonia diversifolia (Asteraceae) (Fig 2.3) and Lantana camara 

(Verbenaceae) (Fig 2.4) (Olabode et al., 2007; Babajide et al., 2012; Mucheru et al., 

2014).Tithonia diversifolia is a high quality manure plant common in Western Kenya 

(Jama et al., 2000; Sanchez, 2002). It is a shrub that is commonly found on field 

boundaries and roadsides (Olabode et al., 2007; Babajide et al., 2012). This plant has 

been recommended for use as a major component of compost as it has been found to 

contain around 3.5 % nitrogen, 0.37 % phosphorus and 4.10 % potassium in dry 

weight (Olabode et al., 2007; Babajide et al., 2012). Tithonia diversifolia has the 

ability to extract relatively high amounts of nutrients from soil, decomposes fast and 

leads to a rapid increase in soil inorganic nitrogen (Jama et al., 2000; Olabode et al., 

2007; Jorge-Mustonen et al., 2013). Tithonia diversifolia is easy to handle as it lacks 

thorns (Olabode et al., 2007).  

Lantana camara is a noxious weed found on roadsides and farm boundaries (Shabbir 

& Bajwa, 2006). It is toxic to animals and exerts allelopathic effects to neighbouring 

vegetation (Ghisalberti, 2000). Despite these serious negative traits, L. camara can be 

used as green compost (Sharma et al., 2008). Dry L. camara leaves were found to 

contain 2.8 % nitrogen, 0.25 % phosphorus and 2.1 % potassium (Jama et al., 2000). 

Vermicompost from L. camara has been found to increase seed germination and 

growth of cluster bean Cyamopsis tetragonoloba in terms of stem diameter, shoot 

length, number of leaves, number of root nodules and overall yield; which was 

associated with total elimination of allelochemicals during vermicomposting 

(Karthikeyan et al., 2014). 
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2.4.2 Animal waste composts 

Animal waste composts are mainly generated from animal manure (faeces), mostly 

mixed with bedding material such as straw and sawdust (Bernal et al., 2009). Each 

type of animal manure has got different characteristics in terms of physical, chemical 

and biological attributes (Senesi, 1989). In this section, emphasis is given to livestock 

found in Western Kenya whose wastes have potential of being utilized as animal 

waste composts. These include poultry droppings (e.g. chicken, geese, turkeys, and 

pigeons), ruminant faeces (e.g. cattle, goats, and sheep) and non-ruminant mammal 

faeces (e.g. pigs and rabbits) (Tittonell et al., 2005; Akanbi et al., 2007; Bryan et al., 

2011). 

2.4.2.1 Poultry composts 

 Poultry manure contains most of the essential plant nutrients, which include nitrogen, 

phosphorus, potassium, calcium, magnesium, sulfur, manganese, copper, zinc, 

chlorine, boron, iron and molybdenum (Amanullah et al., 2010). Chicken faeces are a 

major source of poultry manure that can be transformed into compost, and contains 

the highest amount of nitrogen, phosphorus and potassium compared to wastes of 

other livestock (Elliots, 2005). Chicken faeces need to be composted before use to 

obtain low toxicity and high stability (Young et al., 2016) 

2.4.2.2 Ruminant animal composts 

Ruminant livestock found in Western Kenya include cattle, goats and sheep. These 

animals have a digestive system having four compartments namely rumen, reticulum, 

omasum and abomasum, with the rumen being the largest section and the main 

digestive center (van Soest & Peter, 1994). Ruminant manure (faeces) mixed with 
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bedding material such as straw and sawdust is good for composting (Bernal et al., 

2009). Manure from dairy cattle may be the single most useful soil fertility builder, 

with cow manure being low in nutrient content, which makes it safe to use in 

unlimited quantities. Manure from sheep fed on hay and grain are more potent than 

manure from animals that live on pasture (Powell, 2014). Awodun et al. (2007) 

observed that the application of goat manure on pepper increased soil N, P, K, Ca, as 

well as tissue nutrient content, plant growth and yields.  

2.4.2.3 Non-ruminant mammal compost 

These are monogastric animals that digest food in one stomach, similar to humans. 

The main non-ruminant mammals that produce manure in Western Kenya include 

pigs and rabbits. Piggery wastes (urine and faeces) contain high amounts of nutrients 

like nitrogen and phosphorus (Imbeah, 1998). Pigs produce large amounts of manure, 

with daily fresh output of 6 % of body weight (Kruger et al., 1995), which is rich in 

organic matter and nutrients (Imbeah, 1998). Different types of pig operations have 

varying daily manure and nutrient outputs (Kruger et al., 1995; Table 2.2). Most pig 

manure is collected in liquid form containing as high as 79 % moisture and has been 

successfully processed into compost (Lo & Liao, 1993). Rabbit manure is rich in 

nitrogen and phosphorus that are important for flower and fruit formation (Lazcano et 

al., 2011). 
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Table 2.2: Fresh manure production and characteristics per 100-sow production 

unit types 

Production unit Total 
manure 
Kg/day 

Total 
Solids 
Kg/day 

Total% 
Nitrogen 

Total% 
Phosphorus 

Total% 
Potassium 

Farrow to bacon 2846 429 21.7 7.3 12.1 
Farrow to pork 1611 223 12 4 6.7 
Farrow to weaner 951 113 6.8 2.2 3.8 
Farrow to suckler 604 55 4 1.2 2.3 
500 pig grower unit 1895 317 15 5.2 8.3 
Source: Kruger et al. (1995) 

2.5 Composting technologies 

There are various types of composting technologies whose choice depends on factors 

such as land availability, material volumes, human population density and regulatory 

requirements (Goyal et al., 2005). Composting technologies include; backyard or 

onsite composting, vermicomposting, aerated (turned) windrow composting, aerated 

static pile composting, and in-vessel composting.  Backyard or onsite composting is a 

technology whereby residents and other small-quantity generators of organic waste 

can use on their own property (Cooperband, 2002). The technology is suitable for 

converting yard trimmings and food scraps into compost that can be applied on site 

(Regenstein et al., 1999). Vermicomposting is a technology that utilizes red worms 

that are placed in bins with organic matter breaking it down into high-value compost 

called castings (Cooperband, 2002; Manaf et al., 2009). The composting process takes 

three to four months to produce harvestable castings (Cooperband, 2002). Aerated 

(turned) windrow composting is a technology where organic waste is formed into 

rows of long piles called ‘windrows’ and aerated by manually or mechanically turning 

the pile periodically (Misra et al., 2016). The ideal pile height of between four and 

eight feet generates sufficient heat and oxygen circulation for decomposition yielding 
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significant amounts of compost (Haug, 1993). Aerated static pile composting is a 

technology in which organic waste is mixed together in one large pile instead of rows 

(Haug, 1993). This method produces compost relatively quickly-within 3 to 6 months 

(Misra et al., 2016).In-vessel composting is a technology where organic materials are 

fed into a drum, silo, concrete-lined trench, or similar equipment with the 

environmental conditions such as temperature, moisture and aeration closely 

controlled (Smith, 2012). Conversion of organic material to compost takes few weeks 

(Cooperband, 2002), but still requires more time for stabilization of microbial 

activities and cooling of the pile once out of the vessel (Smith, 2012). 

2.6 Influence of composts on soil biota and above ground pests 

Compost application to soil affects both diversity and population of microbial 

communities (Bastida et al., 2008). Composts exert changes in physical, chemical, 

and biological properties of soil, which may influence relationships between plants, 

herbivorous invertebrates and microbial pathogens (Zehnder et al., 2007; Naluyange 

et al., 2014). 

2.6.1 Influence of composts on soil biota 

Compost amendments modify physico-chemical properties of soil including nutrients 

and biological properties especially populations of beneficial soil microbes (Schloter 

et al., 2003). Studies have reported increased microbial activities and biomass in soils 

amended with organic matter in the form of composts (Chowdhury et al., 2000; 

Tejada et al., 2008), which can partly be attributed to increased availability of 

nutrients to the rhizosphere microbes (Carrera et al., 2007; Kowaljow & Mazzarino, 

2007). This increase in soil microbial activities due to organic amendments results in 

the suppression of plant diseases (Hoitink and Boehm, 1999). However, the presence 
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of toxic factors such as heavy metals, high salinity and instability of the organic 

matter in compost can be detrimental to soil microbes (Schloter et al., 2003; Courtney 

& Mullen, 2008; Stefanowicz et al., 2008). Plots treated with composts have been 

reported to contain high populations of nematodes and collembola (Kimpinsk et al., 

2003; Jamleck et al., 2012). 

2.6.2 Influence of composts on aboveground pests 

In organic agriculture, it has at instances been asserted that plants supplied 

exclusively with nutrients from biological materials are more tolerant to insect pests 

than those grown using chemical fertilizers (Mochiah et al., 2011; Naluyange et al., 

2014). Alyokhin & Atlihan (2005) observed that flea beetle densities were lower on 

collards receiving macronutrients through manure compared to those receiving similar 

amounts of the macronutrients from chemical fertilizers. Naluyange et al. (2014) 

found that Rhizobium inoculant was compatible with water hyacinth composts 

containing effective microbes and cattle manure culture, enhancing tolerance of bean 

plants to aboveground infestations by the aphid A. fabae and the anthracnose 

pathogen C. lindemuthianum. 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study location 

A field experiment was conducted on a piece of land measuring 26 m × 16 m at the 

Masinde Muliro University of Science and Technology (MMUST) farm (00° 17.104 

N’,  034° 45.874 E’; altitude 1561 m a.s.l.) (Fig 3.1), adjacent to the Kenya 

Agricultural and Livestock Research Organization (KALRO), in Kakamega County, 

Western Kenya.  

 

Fig 3.1 Study site at Masinde Muliro University of Science and Technology (MMUST) Farm (Source: 
own work) 
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 Soils in this region have been classified according to FAO, (1974) as dystro-mollic 

Nitisols (Rota et al., 2006). Nutrient composition for the soil in the experimental field 

between the year 2012 and 2013 was found to have total 0.00189 % P, 0.26 %, 2.5 %, 

0.41 cmolc Kg−1K, 0.1 cmolc Kg−1 Na, 2.3 cmolc Kg−1C, 0.8 cmolc Kg−1Mg, 0.00019 

ppm Zn and 0.000037 ppm Fe, with acidic pH of 4.2 (Naluyange et al., 2014). The 

region receives rainfall in two seasons, long rains ~1012 mm between March and 

July, and short rains ~622 mm between July and November. Average temperature in 

the study location ranges between 13°C and 29.6 °C. 

3.2 Experimental design 

The study was a 2 × 7 factorial experiment with bean cultivar factor having two levels 

and soil fertility amendment factor with seven levels (Table 3.1). Each of the resulting 

14 treatment combinations comprised twin plots (3 m × 2 m) each having plants 

spaced at 50 cm × 15 cm for a total of 40 plants. This was replicated in 3 blocks (24 m 

× 14 m), with an interblock space of 1 m, with 0.5 m interplot spacing between the 

twin plots, while a 1 m wide perimeter buffer. This experiment was done over a 

period of two seasons in the year 2014 between 1st April and 30th June, and then 

repeated between 17th July and 5th October.  
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Table 3.1: Treatments for the field experiment: Assessing the efficacy of farmer 
produced compost at MMUST farm 

Factor 1 (seven levels)  Factor 2 (two levels) 

Soil fertility amendments  KARI Kakamega (KK8) MWEZI MOJA (MM) 

Control (no soil amendment)  KK8 MM 

Diammonium Phosphate (DAP)  KK8+DAP MM+DAP 

Compost from Farmer 1 (CF1)  KK8+CF1 MM+CF1 

Compost from Farmer 2 (CF2)  KK8+CF2 MM+CF2 

Compost from Farmer 3 (CF3)  KK8+CF3 MM+CF3 

Compost from Farmer 4 (CF4)  KK8+CF4 MM+CF4 

Compost from Farmer 5 (CF5)  KK8+CF5 MM+CF5 

*Total treatment = 14; n =40;  Replicates = 3;  Trials = 2; N = 3360 ; DAP – Diammonium phosphate; 
CF (1 - 5) – Farmer produced composts    
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Figure 3.2 Layout for the field experiment assessing the effect of five farmer-produced composts. (CF 
1-5), diammonium phosphate fertilizer (DAP) or no soil amendment (NON) on common bean varieties 
(KK=KK8 and MM=MWEZI MOJA) at Masinde Muliro University of Science and Technology farm 
in Kakamega County, Western Kenya. 

3.3 Compost preparation and composting 

The experiment utilized five farmer group-produced composts with organic matter 

sources summarized in Table 3.2. The farmers groups comprised of a model farmer 

and 15 general farmers. These were trained by MMUST staff in backyard composting 

of various available organic materials around their area (van Haute, 2014). The 

composting technique in the farmer training involved setting up repeated layers (8 cm 

thick) of plant material (dry or fresh), animal wastes, wood ashes to accelerate the 

composting process and soil to provide saprophytic inoculum. Water (20 L) was 

sprinkled over the layers of organic materials to facilitate enzymatic biodegradation. 

Each 8 cm thick layer was added three times, resulting in a heap approximately 4 m 

×1.5 m × 1.5 m (L × W × H). The compost heaps were then protected from the sun 

 
 

CF3 KK 
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under a shade made of plastic sheet to prevent overheating and drying. Each heap was 

mixed by turning over three times after every two weeks. Biodegradation and 

temperature were monitored using a stick pushed into the middle of the heap. The 

stick was pulled out each time the compost heap was turned and felt by hand for heat 

generation associated with composting. Regular turning ensured proper mixing, 

aeration and hence sufficient decomposition. Compost was ready for use after two 

months. The ready composts were packed in a 90kg sack and transported to Masinde 

Muliro University farm store. 
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3.4 Bean cultivars 

Two common bean cultivars were used in the study; KK8 and Mwezi moja. KK8 was 

obtained from KALRO Kakamega while Mwezi Moja was obtained from Kenya Seed 

Company Ltd - Kakamega town (Fig 3.3). KK8 has been reported to be moderately 

resistant to some races of Phaeoisariopsis griseola that cause angular leaf spot (ALS) 

(Wagara et al., 2003), and tolerant to bean root rot caused by Fusarium solani 

(Muthomi et al., 2014). Mwezi Moja has been reported to be well suited for the drier 

semi-arid low rainfall areas and also performs well in medium rainfall areas during 

short rains (Frenken et al., 1993). Mwezi Moja seeds are large beige or light brown 

speckled purple, tolerant to drought and bean fly (Ophiomyia phaseoli) (Frenken et 

al., 1993), but susceptible to halo-blight caused by Pseudomonas syringae and 

anthracnose caused by C. lindemuthianum (Mukunya & Keya, 1978).   

 

 

Figure 3.3 Seeds of common bean cultivars used in the experiment; (a) Mwezi Moja (left) and (b) 
KK8 (right). 
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3.5 Land preparation, soil sampling and planting 

Land was prepared by hand hoeing. Soil samples (20 g) were collected for analysis before 

experimental set up and after harvesting the beans using a zig-zag sampling pattern as 

described by Sabbe & Marx (1987). Samples were mixed and air dried for two days and 

transported for nutrient analysis. Planting furrows accommodating 20 planting holes; (i.e. 

∼210 cm long × 5 cm × wide × 10 cm deep) were dug using a shovel. The composts were 

applied using a 250 mL cup, at a rate of 20 cups per furrow and thoroughly mixed with soil to 

supply nutrients at the rates stated in Table 3.2b. Soil for the non-compost treatments was 

mixed and spread in the furrows in a similar manner as for the compost treatments. For the 

DAP fertilizer that contains 20% phosphorus, one leveled teaspoon (~4.7g) was mixed with 

soil in the planting hole, and hence supplying 0.85 g N and 0.94 g P per plant, respectively 

(Naluyange et al., 2016). One bean seed was sown in every planting hole at a depth of 2 cm 

(Naluyange et al., 2014).                            
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3.6 Data collection 

 Data was collected on parameters including plant growth and yield related 

parameters, populations of root endophytic and rhizosphere biota including microbes 

(fungi and bacteria) and macro-invertebrates (arthropods and nematodes); populations 

of the aboveground pests A. fabae, F. occidentalis, and the fungal pathogen C. 

lindemuthianum.  

3.6.1 Bean plant growth and yields 

Data from morphometric assessment and developmental duration of bean plants was 

recorded based on Naluyange et al. (2014). Plant height (stem base to petiole), length 

of the middle leaf (base to apex) and its width (widest part) was recorded when the 

first 3 leaves were fully formed in ~80% of the plants. Number of days for the first 

flower of every plant to appear was recorded. The date when the first pod in each 

plant formed was recorded and used to calculate the duration in number of days. 

Plants were harvested independently as per their full ripening dates. The number of 

harvested pods per plant was recorded, and the pods packed independently per plant 

in paper packets and sun-dried. From every packet, all pods were shelled and seed 

weight per plant was recorded and used to estimate yield per unit area (tons per ha-1) 

using the formula:-  

Yield	per	unit	area = ∑
y × α

(x × n)β 

Where y = seed weight per plant in grams, x = space occupied by one plant (0.075), n 

= No of plants per treatment, α = 10-6(converts grams to tons), β = 10-4(converts m2 to 

ha) 
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3.6.2 Root colonization by Rhizobium and density of rhizosphere microbes 

During flowering, five bean plants were randomly selected from each treatment per 

block for estimation of the number of root nodules associated with Rhizobium 

colonization. From each plant, three nodules were selected and crushed; the resulting 

suspension was streaked onto yeast extract mannitol agar (YMA) containing Congo 

red stain (Sisco Research Lab pvt ltd, Mumbai, India) (Somasegaran & Hoben, 1985). 

The inoculated dishes were incubated at 28ºC for 4 days to allow the growth of 

microbes and sub-cultured to obtain pure cultures for morphological identification. 

The density of rhizosphere microbes in terms of colony forming units (CFU) was 

estimated based on methods described by Loper et al. (1984), Alef & Nannipieri 

(1995) and Nonaka et al. (2014). Soil samples were collected from four points in each 

plot at a depth of 15 cm and a depth of 20 cm mixed together thoroughly and a 

subsample of 10 g obtained and put in Ziplock bags and transported to the of 

Microbiology Laboratory at (MMUST). A soil sample (1 g) was subjected to serial 

dilutions (×10-2, ×10-4, and × 10-6) in sterile water. Aliquots of 0.5 mL from each 

dilution was plated onto 3 glass Petri dishes (9 cm diameter) containing two different 

types of media i.e. single strength Nutrient Agar (NA) (Sisco Research Lab pvt ltd, 

Mumbai, India) for bacterial cultures (Padmavathy et al., 2016), and single strength 

Potato Dextrose Agar (PDA) (Sisco Research Lab pvt ltd, Mumbai, India) for fungal 

cultures (Nonaka et al., 2014). The Petri dishes were incubated for 24 hours at 37°C 

for bacteria and 48 hours at 37°C for fungi (Masago et al., 1977; Nonaka et al., 2014). 

The number of microbial colony forming units was estimated using a Colony Counter 

(Model IMCC-02, Swastic Scientific Company, Mumbai, India); and microbial 

populations calculated using the formula applied by Herigstad & Heersink (2001) as 

follows; 
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Microbe	number	 = 	
Colony	count

Total	dilution	of	tube	 × Amount	plated 

3.6.3 Rhizosphere populations of nematodes and macro-invertebrates 

Two soil samples (250 g) were randomly collected at a location next to the plants 

from each plot; one sample was used for estimation of nematode populations, and the 

other for estimation of macro-invertebrate populations. Extraction and estimation of 

soil nematode population was based on an improvised Baermann’s pan technique 

method (Viglierchio & Schmitt, 1983; Hooper et al., 2005; Ochieno, 2010). The 250 g 

soil sample was poured onto a modified Baermann’s tray containing 100 mL of water 

and left for 48 hours to allow nematode migration. The extracts were concentrated to 

10 mL by siphoning of excess water, followed by thorough mixing and counting of 

nematodes in 2 mL triplicate sub-samples extracted by a micropipette onto a 

nematode counting slide under a dissection microscope (×5 magnifications) (Ochieno, 

2010). The nematode populations were expressed as counts per 100 mL of soil using 

the formula:- 

Number	of	nematodes	per	100	mL	volume	of	soil =  ݔݕ
 
Where y = Number of nematodes counted in 2 mL aliquots. 
 x = a constant (i.e. 2.4) given by 

ݔ = 	 ൬
ܽ
ܾ 	× 	

ߚ
 ൰ߙ

Where a = Standardized volume of nematode suspension, i.e. 10 mL 
 b = Pipetted volume of nematode suspension, i.e. 2 mL 
 β = Standard volume of soil for nematode counts, i.e. 100 mL 
 α = Sampled volume of soil, i.e. 250 mL 

Macro-invertebrates were extracted using a modified Berlese funnel method (Krell et 

al., 2005). Soil samples (250 g) were put into the funnel and subjected heat from 

above provided by a light bulb (40 Watts). As the heat intensified, macro-
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invertebrates in the soil dropped down into the 70 % alcohol in a container 

(Chiarappa, 1974). The macro-invertebrates were collected after 5 days and identified 

under a dissecting microscope and results were expressed in 100 g. 

3.6.4 Anthracnose disease incidence 

Anthracnose disease incidence was scored as percentage of plants expressing 

symptoms of the disease (Cai et al., 2009); while severity of anthracnose disease was 

scored on a 1-9 disease severity scale (Singh & Saxena, 1993), based on the amount 

of tissue damage attributable to C. lindemuthianum, characterized by dark brown to 

black lesions on leaves (Hagedorn & Inglis, 1986; Buruchara et al., 2010). Two leaf 

samples were randomly collected from diseased plants in each microplot and taken to 

the laboratory for isolation and morphological identification of possible pathogens 

associated with the necrotic lesions, to confirm the presence of C. lindemuthianum 

(Kranz, 1988). Necrotic tissues were cut out of the collected leaf samples. The tissues 

were surface sterilized using 2 % hypochlorite solution and rinsed in sterile distilled 

water (Kranz, 1988). This was followed by surface sterilization in 70 % ethanol for 30 

seconds then washing in three changes of sterile distilled water to remove excess 

ethanol (Kranz, 1988). The leaf tissues were plated in single strength PDA medium 

and incubated for 4 days at 20ºC for microbial growth (Kranz, 1988). Microbial 

colonies were sub-cultured in PDA to obtain pure colonies for morphological 

identification using a compound microscope (Leica Model Z45E, Leica Inc., USA). 

Colletotrichum lindemuthianum was identified  by acervular conidiomata, often with 

setae (dark-pigmented, unbranched, thick-walled sterile hyphae usually pointed at the 

tip), producing elongated slimy conidia, with the presence of appressoria (thick-

walled swellings at the end of a hypha or germ tube useful for attaching the fungus to 

the host surface before penetration of the tissue) (Cai et al., 2009).  
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3.6.5 Aboveground insect pest infestations 

Population of the main aboveground insect pests (aphids and thrips) infesting bean 

plants in the study area was recorded during the vegetative and flowering stages, by 

the alcohol collection method (Naluyange et al., 2014), and by the sticky trap method 

(Brodsgaard, 1989). In the first method, collection and quantification of aphids was 

done by directly picking the insects from leaves into alcohol preservative (Naluyange 

et al., 2014). Three screw-capped containers each containing 10 mL of 70% ethanol 

(C2H5OH) were placed after every 10 plants (i.e. 2 bottles in a row). Aphids were 

collected into each container using a camel hair brush from leaves and stems and 

taken to the Laboratory of Zoology (MMUST). The collected aphids were poured 

onto a Petri dish; identification was done using a dissecting microscope (Model Z45E, 

Leica Inc., USA) at ×10 magnification and the total count done using a tally counter. 

In the second method of insect collection, sticky traps were applied in the collection 

and quantification of both aphids and thrips; with the blue colour being attractive to 

thrips Frankliniella occidentalis (Pergande) (Brodsgaard, 1989), and the yellow 

colour preferred by aphids (Alverson, 1977). Sticky traps (2 blue and 2 yellow) 

(Bioworks,Inc., New York) were placed in each plot 30 cm above the beans plants,  

after three days the trapped insects were identified and counted using hand lens 

(A'Brook, 1973).    

3.7 Statistical analysis 

Data were analyzed using SAS 9.1 software (SAS Institute Inc.) at p ≤ 0.05 

confidence level. Proc Means was used in the generation of descriptive statistics such 

as means and standard errors for nodule counts, aphid and thrip populations, plant 

growth and yields. Data for nodules, aphid and thrip populations were log-
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transformed prior to analysis. Germination frequencies (%) were generated using Proc 

Freq. For plant growth, insect populations and nodule number, Analysis of Variance 

(ANOVA) between treatment means (fertility × variety) was done by Proc Mixed 

using the three blocks as random effects and the two seasons as repeated measures. 

Means for plant growth, insect population and nodule number were separated using 

Ls-means when treatment effects were significant (p < 0.05). Nematode populations 

and microbial CFU were analyzed by Proc Genmod (χ2 test; Poisson) while for 

germination percentages, Proc Genmod with binomial distribution was used.  
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CHAPTER FOUR 

RESULTS 

4.1 Physico-chemical Analysis of manure and Soil 

The ready composts were sampled for nutrient analysis, and were found to contain the 

physico-chemical characteristics summarized in (Table 4.1). 

Table 4.1 : Nutrient composition of each farmer produced compost 
 
Sample description CF1 CF CF2  CF3  CF4  CF 5  

Nitrogen %* 1.75 0.70 1.05 0.35 1.05 

Phosphorus %* 0.46 0.40 0.45 0.19 0.45 

Potassium %* 0.10 0.05 0.06 0.06 0.13 

Calcium %* 0.90 0.50 0.40 0.10 0.90 

Magnesium %* 0.20 0.01 0.01 0.01 0.15 

Iron %* 0.21 0.08 0.09 0.09 0.12 

Copper %* 0.0031 0.0002 0.000517 0.0001 0.00168 

Manganese %* 0.12 0.01 0.04 0.03 0.07 

Zinc %* 0.02 0.0010 0.0005 0.00017 0.0073 

Density (g/250mL)** 105 89 93 50 151 
 
*Original data from soil analysis laboratory expressed data in mg/Kg 
**Farmer-based application rate of composts is 250 mL cup per plant 
CF Farmer produced compost 
 
 
The soil before planting was found to have the physico-chemical characteristics 

summarized in (Table 4.2a). Soil analysis was also repeated at the end of the 

experiment, (Table 4.2 b). 
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4.1 Germination rate and developmental time 

Seed germination percentage was higher in KK8 than in Mwezi Moja bean variety; 

with some farmer-produced composts (CF2, CF4 and CF5) appearing to produce low 

germination percentage in Mwezi Moja; while both varieties having low germination 

percentage when grown with DAP fertilizer (χ2=18.21, p=0.0057) (Figure 4.1). 

Duration in number of days to germination was shortest in KK8 bean variety, 

especially when seeds were grown with CF3 compost or without soil fertility 

amendment; but longest duration to germination occurred when in Mwezi Moja seeds 

grown with DAP, and KK8 seeds grown with CF2 and CF4 composts, respectively 

(p˂0.05; Table 4.3). Mwezi Moja took shorter time to flowering than KK8 bean plants 

(p˂0.05); but this did not vary between the soil fertility amendments (p>0.05) (Table 

4.1). Number of days for bean pods to ripen was shorter in Mwezi Moja variety than 

in KK8 variety; with KK8 taking the shortest time to ripen when grown with CF4 

compost and without soil fertility amendment, and longest time when CF3 compost 

was applied (p˂0.05; Table 4.3).  
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Fig 4.1: Germination percentage of KK8 and Mwezi Moja bean varieties. When grown with 

diammonium phosphate fertilizer (DAP), farmer-produced composts (CF1-5) or without soil fertility 

amendment (NON).   
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Table 4.4a: KK bean variety plant tissue analysis 

 

 Table 4.4b:  Mwezi Moja bean variety plant tissue analysis 

 
 

4.1.1 Plant size and yield 

Bean plants grown with farmer-produced composts, especially those with CF1 (6.6), 

CF3 (6.32) and CF5 (6.12), were taller with larger leaves than those grown with DAP 

(5.77) and the controls (5.74) without soil fertility amendment (p˂0.05; Table 4.3a). 

Mwezi Moja plants were shorter(5.73) than KK8 plants(6.05) (Table 4.3a). Shoot dry 

weights for bean plants grown with farmer-produced composts, particularly 
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CF2(8.39), CF3(8.9) and CF5(8.01), were higher than for plants grown with 

DAP(5.09) and without soil fertility amendment(5.6) (p˂0.05; Table 4.1a). The 

number of pods per plant was highest in CF2(8.78) and CF3(8.35), but lowest in  

DAP-treated plot (6.03), CF4 (6.68), CF5 (7.86), CF1 (7.32) and NON (6.78) 

(p=0.0074,  F=3.74). Number of pods per plot was high when beans were grown with 

farmer-produced composts, especially those with the CF2 (323.32) and CF3 (399.3) 

composts; but was lowest when grown with DAP (151) (p˂0.0001; Table 4.3b). These 

trends on number of pods per plot appeared to be reflected in seed weight per plant 

and in the form of yield per unit area (p˂0.05; Table 4.3b). 

4.1.2 Root nodules and rhizosphere microbes 

Root nodules produced cells confirmed to be Rhizobium species, since they exhibited 

the characteristic cultural features on yeast extract mannitol agar (YMA) containing 

Congo red (Fig 4.2a).  

  

Figure 4.2a: Plates showing cultural characteristics of Rhizobium  

Number of root nodules was higher on bean plants grown with the farmer-produced 

composts CF1(50),  CF2 (55), CF3( 60), CF4 (55), CF5 (30) than those that received 

DAP (5) and without soil fertility amendment (10), (p˂0.05; Figure 4.2b). Number of 
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bacterial colony forming units from the rhizosphere soil was high in the farmer-

produced composts CF3 (1200), CF4(1250) and CF5 (1100);  but the bacterial 

population was low in the other four treatments, especially in soil that received DAP 

(700) and CF2(700) compost (p˂0.05; Figure 4.3). Number of fungal colony forming 

units from the rhizosphere soil was lower in the control (30) compared to the six soil 

fertility amendments, especially in the farmer-produced composts CF1 (280), CF3 

(400), CF4 (280) and CF5(500) composts (p˂0.05; Figure 4.4). 

 

Figure 4.2b: Number of root nodules on bean roots. Grown with diammonium phosphate fertilizer 
(DAP), farmer-produced composts (CF1-5) or without soil fertility amendment (NON).  Bars with the 
same letter(s) are not significantly different (F test; p > 0.05).  
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Figure 4.3: Bacterial populations (CFU) in the rhizosphere of bean plots. Treated with diammonium 
phosphate fertilizer (DAP), farmer-produced composts (CF1-5) or without soil fertility amendment 
(NON).  Bars with the same letter(s) are not significantly different (χ2 test; p > 0.05).  

 

Figure 4.4: Fungal populations (CFU) in the rhizosphere of bean. Plots treated with diammonium 
phosphate fertilizer (DAP), farmer-produced composts (CF1-5) or without soil fertility amendment 
(NON). Bars with the same letter(s) are not significantly different (χ2 test; p > 0.05).  

e 
f 

d 

f 

b a 
c 

0

200

400

600

800

1000

1200

1400

1600

NON DAP CF1 CF2 CF3 CF4 CF5

B
ac

te
ri

al
 C

FU
 p

er
 1

0g
 o

f s
oi

l 

Fertility Amendments 

f 
e 

c 

d 

b 

c 

a 

0

100

200

300

400

500

600

NON DAP CF1 CF2 CF3 CF4 CF5

Fu
ng

al
 C

FU
 p

er
 1

0g
 o

f s
oi

l 

Fertility Amendments 



  
  

 44   
 

4.1.3 Rhizosphere nematodes, macro-invertebrates, foliar pests and anthracnose 

disease incidence 

Rhizosphere nematode populations were low in plots that received the five farmer-

produced composts especially in the CF2 (7) compost; but their numbers were highest 

in DAP-treated  plots(38) (p˂0.05; Figure 4.5). 

 

Figure 4.5: Nematode populations in the rhizosphere of bean. Plots treated with diammonium 
phosphate fertilizer (DAP), farmer-produced composts (CF1-5) or without soil fertility amendment 
(NON). Bars with the same letter(s) are not significantly different (χ2 test; p > 0.05).  
  

The overall population of macro-invertebrates (arthropods) was very low (1110 

individuals per 100g of soil), and not statistically different between the treatments 

(p>0.05). These soil arthropods comprised of collembola, crane fly, leaf beetles, plant 

bugs red ant, rove beetle and sandfly. Population aphid A. fabae and the black bean 

thrip F. occidentalis did not vary between the treatments (p>0.05), with the aphids 

averaging 28 insects per plant and the thrips being 179 insects per sticky trap. 
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Anthracnose disease severity averaged 4.4, while the trends varied indiscernibly 

across the fourteen treatment combinations (p˂0.05). 
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CHAPTER FIVE 

DISCUSSION 

5.1 Nutrient content of farmer-produced composts 

All the farmer-produced composts contained nutrients that are necessary for bean 

plants. However, the composts varied in nutrient composition. For example, the 

farmer-produced compost with the highest nitrogen content was CF1 with 1.75% N, 

while CF4 had the least N content of 0.35%. The difference in N content may partly 

be attributed to the proportion of animal manure used in making the composts. The 

CF1 compost contained 75% cattle manure, while CF4 had only 20% cattle manure. 

Moreover, cattle manure mixes with urine that contains high N content in the form of 

urea (Misselbrook et al., 2005; Dijkstra et al., 2013). Nutrient content between the 

farmer-produced composts and the initial nutrient content of soil was evident. There 

was evidence that the application of some farmer-produced composts improved soil 

fertility at the end of the experiment. For example, nitrogen content in plot CF4 

increased by ~4.8%, while phosphorus was increased by ~21.7%. The application of 

farmer-produced compost generally improved other important soil physico-chemical 

characteristics that are important for bean plants. For instance, soil pH in plots that 

received farmer-produced composts increased from relatively more acidic (pH 4.6) 

before planting to less acidic (pH 5.2), which is within the range of pH 5.2-6.8 

favorable for bean plants (Wallace, 1980; Warncke et al., 2009; Fageria et al., 2010).  

The bean plants appeared to have differentially utilized nutrients from some farmer-

produced compost. Leaf tissues of the two bean varieties grown with farmer-produced 
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composts, especially CF1 and CF3, had higher concentrations of nutrients such as 

phosphorus (P) and potassium (K), when compared to those that were grown without 

any soil amendment. Composts, especially those containing chicken droppings (e.g. 

CF3) improve the accumulation of phosphorus and potassium in leguminous leaf 

tissues which is in agreement with Adeli et al. (2005). This could have been due to a 

higher amount of N, P and K in poultry compost compared to wastes of other 

livestock (Elliots, 2005). 

5.2 Plant growth and yields as influenced by farmer-produced composts 

Application of some farmer-produced compost was associated with improved growth 

and yields of bean plants. Bean plants grown with any of the five farmer-produced 

composts, especially those receiving CF1, CF3 and CF5, were taller with larger 

leaves, compared with those grown without soil fertility amendment. Shoot dry 

weights for bean plants grown with farmer-produced composts, especially CF2, CF3 

and CF5, were higher than for plants grown without soil fertility amendment. Such an 

observation on enhanced growth of bean plants and other legumes due to compost 

application has been reported by other researchers (e.g. Abdelhamid et al., 2004; 

Yagoub et al., 2014). Enhanced bean growth under compost application has been 

linked to improved photosynthetic efficiency that increases plant biomass as 

expressed in shoot dry weight (Abdelhamid et al., 2004). Farmer-produced compost 

CF2 was strongly associated with high grain yield per unit area, with CF3 and CF5 

having a similar effect but not quite strong, when compared to plots that did not 

receive any soil fertility amendment. The higher soil concentration of N, P and K on 
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these plots at harvest than at planting may partly explain the higher yields on plots 

receiving CF2 and CF3  (Naluyange et al., 2014; Yagoub et al., 2014). 

5.3 Influence of farmer-produced composts on endophytic and rhizosphere 

microbes 

The number of root nodules was generally high in bean plants that were grown with 

the five farmer-produced composts. Extracted from these bean root nodules were 

endophytic bacterial cells, which confirmed to be Rhizobium species, this was also 

observed in other studies by Peter et al. (1996); McInnes et al. (2004), since they 

exhibited the characteristic cultural features on yeast extract mannitol agar (YMA) 

containing Congo red (Burton, 1985; Giller, 2001; Woomer et al., 2011). This 

increase in bean root nodules is a desirable effect of composts (Zahran, 1999; Graham 

& Vance,  2000), as a high number of root nodules is associated with improved 

nitrogen fixation by the symbiotic diazotrophic Rhizobium species (Hungria et al., 

2003; Remig et al., 2016). The farmer-produced composts may have promoted root 

nodulation by addition of nutrients, especially phosphorus and potassium (Zahran, 

1999; Shahzad et al., 2014). High number of root nodules may also have been due to 

increase in soil pH that favours Rhizobium survivorship and nitrogenase activity 

(Marschner, 1991; Vassilera et al.,1997; Thrall et al., 2000; Ferguson et al., 2013).  

In the rhizosphere, non-specific bacterial and fungal colonies were detected, with their 

populations being generally high in plots that received any of the five farmer-

produced composts. This may partly be attributed to the increased nutrient availability 

and elevated soil pH, which have been associated with enhancing microbial 

colonization in the rhizosphere (Zhen et al., 2014). These enhancements in 
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rhizosphere bacterial and fungal populations tended to be more pronounced in plots 

that received CF1, CF3, CF4 and CF5 composts. The common factor between the 

previous four composts is that all of them contained cattle manure. Compost made out 

of cattle manure increases bacterial and fungal diversity by enhancing carbon content 

in soil (Wu et al., 2008; Zhen et al., 2014). In addition, microbes derived from the 

animal gut add up to the ones that already exist in the soil (Gupta et al., 2016; Manyi-

Loh et al., 2016). 

5.4 Influence of farmer-produced composts on rhizosphere nematodes and 

aboveground pests 

The population of rhizosphere nematodes was low in plots that received any of the 

five farmer-produced composts, especially on plot CF2. This can partly be attributed 

to the action of soil microorganisms on organic material during composting that 

releases a wide range of nematicidal chemical compounds and enzymes (Korayem, 

2003; Nahar et al., 2006; Stirling, 1991). Also, composts that have undergone 

advanced mineralization may not be suitable for colonization by saprophytic and 

plant-parasitic nematodes (Hunt et al, 1973; Nahar et al., 2006), as such species feed 

on relatively intact organic matter as necrotrophs or biotrophs (Lozano & Smant 

2011). On the contrary, increase in microbial density in plots that received farmer-

produced composts may have favored bacterivore and fungivores nematode species 

that feed on bacteria and fungi (Bardgett al., 1999; Blanc et al., 2006; Nahar et al., 

2006). The increase in bacterial and fungal populations may also have included some 

antagonistic microbes that suppress nematodes (Kerry, 2000; Oka, 2010). In addition, 

the low nematode density may have been due high organic matter (total organic 
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carbon) that was relatively enhanced in some plots, which may have slowed nematode 

migration during extraction using the Baermann’s method (McSorley & Walter, 

1991). Aboveground, infestation levels of the black bean aphid A. fabae, the bean 

flower thrip F. occidentalis and anthracnose disease caused by C. lindemuthianum 

was low in all the plots, and did not vary between treatments. It would be expected 

that a higher level of root nodulation by Rhizobium species in compost treatments 

would be associated with increase in A. fabae populations and C. lindemuthianum 

infestations (Dean et al., 2009; Naluyange et al., 2014, 2016). This was not the case in 

the present study, as there was no inoculation of the seeds with additional commercial 

or non-native Rhizobium, as was the case for Dean et al. (2009) and Naluyange et al. 

(2014). 

5.5 Performance of DAP fertilizer and bean varieties 

Results from this study reveal some key differences on the effect of DAP fertilizer on 

soil fertility as compared to the farmer-produced composts. Bean plants grown with 

DAP fertilizer had smaller leaves, lower shoot dry weight and fewer pods per plot 

compared to those that received farmer-produced compost. Grain yields per unit area 

from the DAP-treated bean plants were also low. Reduced plant growth and yields in 

DAP-treated plots may be attributed to quicker depletion of nitrogen and phosphorus 

by the time of harvest; and the absence of additional nutrients such as calcium, 

potassium and micronutrients in DAP (Marenya et al., 2009), when compared to the 

farmer-produced composts. This considerably poor growth rates on DAP-treated 

plots, may be linked to the lower grain yields that were attained (Naluyange et al., 

2014). Such negative effects of DAP on beans have been linked to phytotoxicity and 
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high osmotic pressure that constrains water uptake by seeds (Kabir et al., 2010; 

Naluyange et al.,  2014). There was no evidence that the two bean varieties performed 

differently due to the soil amendments. However, KK8 bean variety appeared to be 

inherently superior to Mwezi Moja (GLP 1004) in terms of seed germination 

percentage, plant size (height, leaf length and width), and number of pods per plant.  

DAP-treated bean plants had lower number of Rhizobium-associated root nodules 

compared to those receiving farmer-produced composts. This may partly be due to 

DAP fertilizer deficiency in essential soil nutrients such as potassium (K), calcium 

(Ca), magnesium (Mg), iron (Fe), copper (Cu), manganese (Mn) and zinc (Zn), which 

are important for root nodulation by Rhizobium (Foy, 1984; Brear et al., 2013). Such 

nutrients were present in the farmer-produced composts. DAP also tended to lower 

soil pH, and hence creating acidic conditions that do not favour Rhizobium 

survivorship and nitrogenase activity (Manyi-Loh et al., 2016), besides being toxic to 

Rhizobium and bean plants (Maheshwari et al., 2010; Naluyange et al., 2014). 

Rhizosphere bacterial and fungal colony forming units (CFU) were also low on DAP-

treated plots; which could be linked to low soil pH (van Loon et al., 1998; Musyoki et 

al., 2016). The composts had the advantage of enhancing soil pH; creating alkaline 

conditions that are favorable for rhizosphere bacteria and fungi (Rousk et al., 2009; 

Strickland & Rousk, 2010).   

5.6 Comparative analysis of nutrient contents in DAP and composts 

Diammonium phosphate fertilizer (DAP) contains 18% nitrogen and 46% phosphorus 

pentoxide (P2O5), with phosphorus (P) constituting 20% of the total mass (Naluyange 

et al., 2016). Hence, DAP plots received approximately 0.94g phosphorus and 0.85g 



  
  

 52   
 

nitrogen per plant when applied using a leveled teaspoon (~5g) of the fertilizer 

(Naluyange et al., 2016). DAP therefore was superior in supply of phosphorus per 

plant (0.94g) compared to the farmer-produced composts that supplied a maximum of 

0.68g in CF5. However, DAP supply of nitrogen per plant (0.85g) was intermediate 

compared to the farmer-produced composts (0.18-1.84g N per plant).  However, DAP 

lacked important additional nutrients such as potassium (K), calcium (Ca), 

magnesium (Mg), iron (Fe), copper (Cu), manganese (Mn) and zinc (Zn), which were 

present in the five farmer-produced composts. This is among benefits of composts 

compared to DAP and other synthetic fertilizers that have narrow range of nutrient 

elements (McAndrews et al., 2006; Bedad et al., 2014).  

Generally, plots that received DAP fertilizer seemed to exhibit low soil fertility 

reserves at harvest compared to those that received the farmer-produced composts. 

This is because at harvest, DAP-treated plots had relatively lower amounts of macro-

nutrients (e.g. potassium) and micro-nutrients (e.g. calcium, magnesium, iron, copper, 

manganese and zinc), when compared to plots that received the farmer-produced 

compost. Therefore, the composts provide multiple nutrients for better plant growth 

and yields (Muthaura, 2015). DAP as compared to farmer made composts  has high 

water solubility, thus a quicker N and P uptake or depletion occurs unlike in composts 

(Edmeades, 2003). Moreover, leaching of N and P in plots treated with DAP could 

have been higher than in the compost treated plots (Nishanth & Biswas, 2008). 

Composts have good water holding capacity and slow rate of nutrient release that 

minimizes leaching (Abdou et al., 2016).  
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5.7 Summary and Conclusion 

The present study aimed at determining the belowground influence of farmer-

produced composts on soil biota, foliar pests and yields of common bean P. vulgaris 

in Western Kenya. In the first objective, farmer-produced composts contained a 

variety of nutrients including N, P, K, Ca, Mg, Fe, Cu, Mn and Zn, which were 

utilized by bean plants thus promote growth and yields. In the second objective, 

farmer-produced composts were associated with enhanced colonization of bean roots 

by beneficial endophytic bacteria like Rhizobium species that fixes nitrogen, as well 

as rhizosphere bacteria and fungi. Farmer-produced compost application was also 

associated with suppressed nematode populations. In the third objective, farmer-

produced compost did not induce variations in bean infestation by foliar pests that 

included the black bean aphid A. fabae, the bean flower thrip F. occidentalis, and the 

fungal anthracnose pathogen C. lindemuthianum. Generally, DAP-fertilizer was not 

beneficial when compared to the controls and the composts; as the bean plants that 

received DAP exhibited low germination rate, plant size and yields, with lower fungal 

and bacterial populations including Rhizobium nodulation, but exhibited a higher 

nematode population.  Though there was no consistent evidence that the two bean 

varieties performed differently due to the soil amendments, KK8 bean variety 

appeared to be inherently superior to Mwezi Moja (GLP 1004) in terms of seed 

germination percentage, plant size (height, leaf length and width), and number of pods 

per plant. 

In conclusion, trained farmers produced composts that contained important nutrients 

that were utilized by bean plants to promote growth and yields, while enhancing 
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endophytic colonization by beneficial Rhizobium species, and promoting rhizosphere 

colonization by bacteria and fungi, but suppressing soil nematode populations. 

However, the composts did not affect the foliar pest aphids A. fabae, thrips F. 

occidentalis and the microbial pathogen C. lindemuthianum. 

 5.8 Knowledge gaps and recommendations for future studies 

There are important issues that could not be addressed in the present study, which 

could form basis for further studies. 

 1. The present study detected and quantified endophytic and rhizosphere bacteria and 

fungi, as well as soil nematodes. However, the methods used could not clearly 

identify these organisms to specific taxa. Future studies could include more accurate 

organism identification methods, especially by advanced molecular techniques such 

as High-throughput DNA sequence that have been used in characterizing Rhizobium 

and other bacteria, fungi and nematode species (Rogers & Oldroyd, 2014; Hardoim et 

al., 2015). 

 2. Some of the microbes may have been pathogenic; hence the need for further 

confirmatory studies to ensure proper pathogen eradication so as to avoid the spread 

of diseases (Noble & Roberts, 2004). 

3. The microbial populations were high in compost treatments, while nematode 

populations were low. Therefore further studies need to be carried out to determine 

the influence of composts on the relationship between the microbes and nematodes.  

4. This study involved training of farmers in producing compost using the 

conventional backyard composting technique. Although this is quite promising, there 

are new technologies that could be included in the future farmer trainings, especially 
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vermicomposting that utilizes various species of worms to break down organic matter 

(Fernández et al., 2015; Guo et al., 2015).  
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