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Abstract 
Western Kenya is the most densely populated province of Kenya and most people are 

dependent on agricultural activities. High population rates have led to the replacement of 

traditional systems into continuous cultivation and to the gradual depletion of nutrients 

through the removal of crop residues prior to planting, leaching and soil erosion. Crop growth 

is mostly limited by N, P and K. Inorganic fertilizers can restore soil fertility but are 

unaffordable for the small-scale farmers living with 1240 KES (10.32 EUR) per month. 

Compost systems have been developed to reduce the costs of inorganic fertilizer and restore 

soil fertility in the long term. In 2014, an experiment in Kakamega county was conducted 

during the long rain season to assess the effect of compost on soil properties and plant 

growth and yield of maize and beans. Five compost formulations were made by local farmers 

using plant and animal material within their reach. Experiments were conducted at MMUST 

(five compost treatments, DAP and NON) and at the five farms (compost, compost plus DAP, 

NON and NON+). 

At the On-station trial, compost application significantly increased soil pH and increased the 

nutrient content of N, P, K, Ca, Mg and Na in the topsoil. Maize and bean plants were larger 

in size with short development period when grown with compost compared to the control 

(NON) and DAP. Yields in compost treatments were improved, but no significant difference 

was observed between the different treatments in both maize and beans experiments. Beans 

grown with DAP had more pods with heavy seeds, but had low germination rates which 

reduced the yields. 

At the on farm trial, experiments were only conducted on maize. Plants grown with compost 

plus DAP had a shorter development period compared to the control. Maize plants were 

larger in size with compost plus DAP although no significant difference was observed 

between DAP and compost plus DAP. Plants grown with compost plus DAP were 

significantly larger compared to plants grown with DAP. At the farm of Kahi, grain yields in 

the compost and compost plus DAP treatment were improved, but no significant difference 

was observed between the different treatments. However, this study indicated a maize yield 

gap between On-station and on farm trials with 50% more grain yield On-station than on the 

farms. This was mainly attributed to differences in soil fertility and field management.  

This study showed that compost application can increase soil fertility and crop production. 

However, further knowledge should be obtained about the long-term effects of compost on 

soil properties and plant performance.  
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Abstract Dutch 
West Kenia heeft een gematigd klimaat met relatief vruchtbare bodem en twee 

regenseizoenen en is hierdoor de dichtst bevolkte provincie van het land. De bevolking leeft 

er hoofdzakelijk van de landbouw op kleinschalige boerderijen. De hoge bevolkingsgroei 

heeft gezorgd voor een omschakeling van traditionele landbouw met braak naar meer 

continue landbouw waardoor de bodem zich niet meer kon herstellen. De bodems zijn 

uitgeput en arm aan N, P en K door het verwijderen van alle plantenresten na de oogst, 

erosie en uitspoeling. Kleinschalige boeren hebben helaas de financiële middelen niet om 

anorganische meststoffen te kopen waardoor de bodems verder uitgeput geraken met 

marginale opbrengsten tot gevolg. Onderzoekers raden daarom het gebruik van compost 

aan, waarbij boeren plantaardig en dierlijk materiaal uit hun omgeving gebruiken.  

In 2014 werd in Kakamega gedurende het lange regenseizoen een onderzoek gestart naar 

de effecten van compost op de bodemeigenschappen en de groei en opbrengst van bonen 

en maïs. Vijf verschillende compost formuleringen werden door lokale boeren geproduceerd, 

gebruikmakend van planten en dierlijke mest uit hun omgeving. Proeven werden uitgevoerd 

op de campus van MMUST en op de vijf boerderijen met volgende behandelingen:  

 MMUST bonen experiment: de vijf verschillende compost formuleringen, 

anorganische meststof (DAP) en de controle waar geen meststof werd toegediend 

(NON) 

 MMUST maïs experiment: de vijf verschillende compost formuleringen, anorganische 

meststof (DAP), de controle (NON) en een behandeling waar eenmaal werd bemest 

met anorganische meststof (NON+) 

 Boerderijen: de compost gemaakt door de desbetreffende boer, anorganische 

meststof (DAP), een combinatie van compost en anorganische meststof (compost 

plus DAP), de controle (NON) en een behandeling waar eenmaal werd bemest met 

anorganische meststof (NON+) 

Er werd een significante verhoging in pH waargenomen op de campus van MMUST bij de 

compost behandelingen in vergelijking met de controle. Er werd ook een toename in N, P, K, 

Ca, Mg en Na waargenomen, maar deze toename was niet significant. De proef werd 

opgestart voor mijn aankomst in Kenia en er werden geen bodemstalen genomen voor het 

planten van de bonen. De resultaten van de bodemstalen na de oogst van de bonen zijn 

hierdoor vergeleken met de controle, wat statistisch niet correct is omdat er moet rekening 

gehouden worden met de variabiliteit in bodemvruchtbaarheid op het veld. Verder onderzoek 

moet deze variabiliteit in kaart brengen en het lange termijn effect van compost vaststellen.  

Maïs en bonen die werden behandeld met compost waren significant groter en hadden een 

kortere ontwikkelingsperiode in vergelijking met de controle op de MMUST campus. 

Opbrengst van zowel bonen als maïs werd duidelijk beïnvloed door de compost behandeling, 

hoewel er geen significant verschil werd waargenomen tussen de verschillende 

behandelingen. De opbrengst bij bonen werd negatief beïnvloed door de DAP behandeling. 
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Anorganische meststoffen kunnen fytotoxisch zijn voor de zaden en resulteren in een lager 

kiemingspercentage zoals ook in deze proef werd vastgesteld.  

De combinatie van compost en DAP had een significante invloed op de plantengroei en 

opbrengst bij maïs op de proefvelden van de boerderijen. Planten die werden behandeld met 

compost en DAP hadden een significant kortere ontwikkelingsperiode in vergelijking met de 

controle. De plantengroei was ook significant groter bij planten behandeld met compost en 

DAP in vergelijking met de controle, hoewel er geen significant verschil werd waargenomen 

met de DAP behandeling. Opbrengst was het hoogst bij planten behandeld met compost en 

DAP hoewel geen significant verschil werd waargenomen tussen de verschillende 

behandelingen. Er moet wel opgemerkt worden dat er een duidelijk verschil was tussen de 

resultaten op de campus en deze op de boerderijen. Planten op de campus hadden een 

opbrengst die 50% hoger lag dan de opbrengst die werd vastgesteld op de boerderijen. Dit is 

te wijten aan de lagere bodemvruchtbaarheid op de boerderijen en het beheer van de velden 

door de boer.  

Aangezien weinig besluiten getrokken konden worden door gebrek aan significante 

verschillen, is verder onderzoek noodzakelijk. Toch kon er al een duidelijk effect van de 

compost behandelingen op de plantengroei en opbrengst van bonen en maïs worden 

waargenomen. Belangrijk bij komend onderzoek is het gebruik van plantaardig en dierlijk 

materiaal met gekende nutriënteninhoud om zo de verschillen in compostsamenstelling te 

kunnen verklaren. Tot slot moet verder onderzoek uitwijzen of compost op lange termijn een 

effect heeft op de chemische en fysische samenstelling van de bodem.  
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Introduction  
The world population is growing and the United Nations expect there will be 8.9 billion people 

by 2050. Most of these people will live in developing countries, where nowadays already 

20% of the population is underfed or malnourished. The demand for food will increase as 

well as the need to produce more food on declining arable land. Globally, food production 

must be doubled by 2050 (Sasson, 2012; Lal, 2009).  

Western Kenya is the most densely populated province of Kenya, with most people living in 

rural communities. The main economic activity is farming and people are directly dependent 

on locally grown crops or food harvested from the environment. Smallholder farmers produce 

mainly maize and common beans as staple food. Traditionally, farmers relied on long fallow 

periods to restore soil fertility. However, the increased population has shortened the fallow 

periods and decreased the available arable land. Shifting cultivation disappeared and now 

crops are grown continuously on poor fields. Furthermore, farmers remove all crop residues 

from the field, using them as feed for their livestock or as fuel. They also use small amounts 

of inorganic fertilizers because they are unaffordable, resulting in a negative nutrient balance 

of the soil (Bationo et al., 2006a). High rates of erosion, leaching and the inherent poor 

fertility of most tropical soils have also contributed to the soil fertility decline in Western 

Kenya (Mugwe et al., 2009). 

The use of compost or organic manure is currently being advocated as an option for 

improving soil fertility conditions for poor farmers. The use of organic fertilizers increases the 

soil organic carbon pool and soil pH, improves the soil structure, decreases bulk density, 

provides macro- and micronutrients and enhances microbial activity. As mentioned above, 

most farmers use the crop residues as feed for their livestock or as fuel and leave only low 

quality plant residues for composting. This results in poor quality composts (Branca et al., 

2013). Therefore, the Alliance for a Green Revolution in Africa has adapted integrated soil 

fertility management as a base for increasing crop productivity and restoring soil fertility. This 

strategy aims to combine organic and inorganic fertilizers, which results in a synchronized 

nutrient release and uptake by the crop (Killham, 2010). 

This research aimed to investigate the effects of compost on soil properties and the growth 

and yield of maize and beans. Five different composts were made by local farmers, using 

organic materials within their reach. All composts were tested at Masinde Muliro University of 

Science and Technology (MMUST). Results of compost treatments were compared with the 

inorganic fertilizer (diammonium phosphate, DAP) treatment and the control (without 

fertilizers). The objective of this study was to determine whether compost is a suitable 

alternative for inorganic fertilizers and to indicate which compost gave the best results. 

Therefore, plant growth in terms of germination percentage, plant height, leaf width, etc. and 

crop yield were determined. In order to indicate which compost had the best composition, a 

detailed list of the used plant and animal materials was made and the composts were 

analyzed for their nutrient content. At the five farms the same treatments were tested and an 

additional treatment including the combined application of compost and DAP. The objective 
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at the farms was to investigate which treatment was most suitable for the farmer and if the 

combined use of organic and inorganic fertilizers gave better results than sole application.  

The first chapter discusses earlier findings on soil fertility in Kenya and integrated soil fertility 

management. Furthermore, this chapter describes the composting process, the determining 

factors and the benefits of using compost as a fertilizer. The second chapter describes the 

experiment and the last chapters deal with the actual research, the results and conclusions 

that were obtained. 
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1 Literature review 

1.1 Soil fertility  

1.1.1 Soil fertility in Kenya 

Soil fertility is defined as the capacity to retain, cycle and supply essential nutrients for plant 

growth over several years. The activity of soil organisms, like earthworms or micro-

organisms, clay mineral amounts and types, air exchange rate and other biological, chemical 

or physical processes are related to soil fertility (Verhulst et al., 2010; Diacono & 

Montemurro, 2010). Soil organic matter (SOM) is another important factor and is depending 

on biomass input and management, mineralization, leaching and erosion. SOM can increase 

soil structure stability, resistance to rainfall impact, rate of infiltration and faunal activities 

(Bationo et al., 2006a). All these factors determine the capacity of soil to supply enough 

nutrients for plant growth and yield. Optimum management of SOM, mineral inputs and soil 

organic carbon are important for the conservation of soil fertility (Alley & Vanlauwe, 2009). 

Kenya has a very wide range of soils due the variation in parent material, relief and climate 

(Fig. 1.1). In the studied area of Western Kenya, Nitisols, Acrisols and Ferrasols are the 

dominant soil types. Nitisols have a clay-rich subsoil and are characterized by a good soil 

structure, which allows crop roots to penetrate deeply into the profile. The high clay content 

can retain large amounts of plant nutrients and is also responsible for the favorable water 

holding capacity. Phosphate fixation is common and manganese (Mn) toxicity may be a 

problem in more acid soils. Acrisols are acid soils with a low base status. These soils have a 

high water holding capacity but rather the compact B horizon limits the biological activity and 

root penetration. Mineral reserves are low (boron (B) and Mn are often deficient) and 

leaching can be a major problem in these soils. High aluminium (Al) contents may lead to 

phosphate fixation (Bationo et al., 2006b; Driessen et al., 2001; Jaetzold et al., 2007).  

Ferralsols are characterized by their advanced weathering. The cation exchange capacity 

(CEC) is low and influences fertilizer management. For example, nitrogen (N) should be 

applied in small amounts to avoid leaching because these soils occur in high rainfall areas. 

Free iron (Fe) and Al oxides fix phosphates. Deficiency in bases like calcium (Ca), 

magnesium (Mg) and potassium (K) can occur as well as deficiency of molybdenum (Mo), 

which is necessary for the growth of legumes. When pH-water is below 5.2, free Al and Mn 

will be present in the soil. Physically these soils are well drained and have a good soil 

structure and deep profile. Rooting depth is almost unlimited and this makes up for their 

relatively low water holding capacity (Bationo et al., 2006b; Driessen et al., 2001; Jaetzold et 

al., 2007).  

Even though Kenya has high fertile soils, high population rates have led to the replacement 

of traditional systems into continuous cultivation, as in Western Kenya (Jama et al., 2000). 

This region is one of the most densely populated areas of Sub Saharan Africa (SSA) and has 

high agro-ecological potential for crop production, with a bimodal rainfall which permits two 

growing seasons (Tittonell et al., 2008a; Place et al., 2005). 
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Figure 1.1 Distribution of the different soil types in Kenya (ISRIC, 2014) 
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LPe  -  Eutric LEPTOSOLS

LPq  -  Lithic LEPTOSOLS

LPu  -  Umbric LEPTOSOLS

LVf  -  Ferric LUVISOLS
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PLe  -  Eutric PLANOSOLS

RGc  -  Calcaric  REGOSOLS

RGd  -  Dystric REGOSOLS

RGe  -  Eutric REGOSOLS

SCg  -  Gleyic SOLONCHAKS

SCh  -  Haplic SOLONCHAKS

SCk -  Calcic SOLONCHAKS

SCn  -  Sodic SOLONCHAKS

SNg  -  Gleyic SOLONETZ

SNh  -  Haplic SOLONETZ

SNj  -  Stagnic SOLONETZ

SNk  -  Calcic SOLONETZ

SNm  -  Mollic SOLONETZ

VRe  -  Eutric VERTISOLS
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Western Kenya has the potential to be one of the most productive agricultural regions of 

Africa. Unfortunately, farmers apply little or no fertilizers and obtain marginal yields on small 

farms of less than 1 hectare. The population growth has not only led to small scale farming 

but also to gradual depletion of nutrients through the removal of crop residues prior to 

planting, leaching and soil erosion (Tittonell et al., 2005; Mugwe et al., 2007; Abdel-

Mawgoud, 2006). Therefore, crop growth is mostly limited by N and phosphorus (P), with 

localized K deficiencies. As a result, the average maize (Zea mays L.) yield is less than 1 

t/ha, although the potential is around 5 to 6 t/ha (Misiko et al., 2010; Tittonell et al., 2007; 

Place et al., 2005).  

Poor soil fertility is one of the most limiting factors of agricultural productivity in smallholder 

farms in SSA (Omotayo & Chukwuka, 2009). However, Vanlauwe & Giller (2006) pointed out 

that there is a diversity in plot management. Most of the inorganic and organic fertilizers are 

used on fields near the homestead and on home gardens. The development of gradients of 

declining soil fertility with distance from the homestead is probably a consequence of the 

limited availability of cattle manure and other nutrient resources. Nevertheless, nutrient 

management is important for sustainable agricultural productivity. Technologies that 

replenish soil nutrients need to be developed and promoted in order to meet the rising food 

demand (Abdel-Mawgoud, 2006; Chivenge et al., 2009; Mugwe et al., 2007).  

1.1.2 Role of fertilizers and farmers perception 

Inorganic fertilizers are considered to be a key factor to reduce land degradation and food 

insecurity. Especially in densely populated regions such as Western Kenya, where the lack 

of rangeland limits the inflow of nutrients through livestock (Tittonell et al., 2008). Herman & 

Lal (2011) reported that inorganic fertilizers produce an average maize grain yield of 3.95 

t/ha in comparison with 2.35 t/ha from organic cattle manure in Kakamega, Kenya. Yields of 

inorganic fertilizer were thus 68% higher than from cattle manure. However, yields were 

below the potential yield and most of the nutrients in plant tissue were below the critical 

nutrient levels. Fertilizer use may also result in higher carbon (C) and nutrient input to the soil 

through crop residues and roots. When crop residues are not removed from the field after 

harvest, they contribute to the buildup of SOM (Tittonell et al., 2008a).  

However, if farmers can afford fertilizers, they generally use it on staple food crops like maize 

and common bean (Phaseolus vulgaris L.) (Vanlauwe & Giller, 2006). Furthermore, there is 

still a gap between attainable and actual maize yield. Grain yield differs by season and soils 

with 4 to 5 t/ha on Nitisol and about 6 t/ha on Acrisol and Ferralsol (Ngome et al., 2013). The 

yield gap is partly demonstrated between the differences on farmer- and research-managed 

plots as shown in Figure 1.2 (Tittonell et al., 2008a). Factors that are responsible for this gap 

are: biological factors (soil, water, seed quality, pests), socio-economic factors 

(social/economic status, family size, household income), farmers knowledge (education 

level) and experience, farmers management skills, farmers decision making (attitude, 

objectives, capability, behavior) and institutional/policy support (rural development and 

infrastructure, land tenure, irrigation, price, etc.). All these factors should be addressed to 

reduce the yield gap between research and farm experiments (Papademetriou et al., 2000). 
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Figure 1.2 The concept of yield gaps among experiment station yield, potential farm yield and 

actual farm yield (Papademetriou et al., 2000) 

Even though the use of inorganic fertilizers is recommended by many researchers, it is 

declining for a variety of reasons. First of all, national statistics have shown that over 50% of 

the population in Western Kenya lives below the poverty line of 1240 KES (10.32 EUR) per 

month (Place et al., 2005). Most of these people live in rural areas where inorganic fertilizers 

are sold at much higher prices than in urban wholesale markets, because transport costs 

double the price (Mutoko et al., 2013). Furthermore, the relatively low sale price of staple 

crops, or restricted local markets for staple food also leads to little opportunities for 

investment (Vanlauwe & Giller, 2006). Secondly, policy changes in the past decade, such as 

the removal of subsidies on agricultural inputs have also made fertilizers unaffordable for 

smallholder farmers (Mugwe et al., 2009). Finally, decisions on buying fertilizers are made 

before planting, at a time when for example school fees need to be paid, or when farmers 

have already sold their harvest from the previous season (Tittonell et al., 2008b).  

As mentioned above, Misiko et al. (2010) also reported spatial soil variability in Western 

Kenya. The use of fertilizers often leads to variable crop response, but can also be caused 

by poor agronomic practices, like poor seedbed preparation, narrow spacing, limited use of 

improved genotypes, delay in planting, incorrect use of fertilizers, or weed and pest 

problems. Moreover, the produce price of a crop has increased with fertilizer use, but the 

crop response towards inorganic fertilizers is negative. Therefore, guidelines for fertilizer use 

need to be more flexible. Recommendations are often on a per hectare basis, while most of 

the smallholder farmers have a limited area to cultivate, so they use wrong amounts (Misiko 

et al., 2010; Vanlauwe & Giller, 2006). Another solution may be the use of smaller packages, 

which are more within reach of farmers’ budget. Guidelines should also be related to the 

season of crop production, because of the variation in climate and particularly the bimodal 
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rainfall. The basic approach is to apply only less mobile nutrients (P and K) and small 

amounts of N at or soon after planting and to apply the majority of the N as topdressing when 

plant demand is maximal (Vanlauwe & Giller, 2006). 

Sometimes farmers’ perception of fertilizer use is negative. For example maize hybrids have 

usually been promoted with mineral fertilizers. If one has to buy fertilizers, then one has to 

buy hybrid seeds, so farmers associate this with high costs (Misiko et al., 2010). Farmers 

also indicate that using fertilizers ‘makes crops more hungry’ or that ‘fertilizers damage the 

soil’. However, if yields are increased, this will lead to a higher nutrient uptake from the soil. If 

farmers use inappropriate nutrient combinations, higher nutrient uptake may lead to depletion 

of stocks of other nutrients and eventually to marginal yields (Vanlauwe & Giller, 2006).  

All these factors have led to the decreased use of inorganic fertilizers and the increased use 

of organic resources to improve soil fertility. Gido et al. (2013) studied the organic soil 

management practices through a household survey with 650 smallholder maize farmers in 

Bungoma County, Western Kenya. To improve soil fertility, 70.7% of the respondents applied 

farm yard manure, 62.7% incorporated crop residues into the soil, 60% applied animal 

manure, 55.3% planted leguminous crops and 42% used green manure on their farms. The 

age of the household head, had a positive influence towards organic soil management 

practices. As farmers get older they are more eager to try new agricultural technologies, 

because they have more years of farming experience. 

1.1.3 Integrated soil fertility management 

Since inorganic fertilizers are expensive, the Alliance for a Green Revolution in Africa has 

adapted integrated soil fertility management (ISFM) as a base for increasing crop productivity 

(Vanlauwe et al., 2010). ISFM includes a combined strategy of nutrient, crop, water, soil and 

land management for sustainable agriculture. This strategy aims to combine organic and 

inorganic fertilizers for the improvement of soil fertility (Killham, 2010).  

Vanlauwe et al. (2010) defined ISFM as ‘A set of soil fertility management practices that 

necessarily include the use of fertilizers, organic inputs, and improved germplasm combined 

with the knowledge on how to adapt these practices to local conditions, aiming at maximizing 

agronomic use efficiency of the applied nutrients and improving crop productivity.’ The goal 

of ISFM is to maximize the interaction between combinations of fertilizers and organic inputs, 

improved germplasm and farmers knowledge. Local adaptation also adjusts for variability in 

soil fertility and recognizes that substantial improvements in agronomic efficiency can be 

expected on responsive soils (A in Fig. 1.3) while on poor, less-responsive soils, application 

of fertilizer alone does not result in improved agronomic efficiency (B in Fig. 1.3). Fertilizers 

are better applied in combination with organic inputs (C in Fig. 1.3) (Alley & Vanlauwe, 2009). 
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Figure 1.3 Principles of integrated soil fertility management  

Organic materials such as crop residues and animal manure are not available in adequate 

amounts and cannot by themselves improve soil fertility. Additionally, nutrient content of the 

organic resources are generally low and released at a rate determined by their chemical 

characteristics or their quality. Therefore, application of realistic levels of organic inputs 

seldom release sufficient nutrients for optimum crop yield (Vanlauwe et al., 2010; Negassa et 

al., 2007; Omotayo & Chukwuka, 2009). Processing and application of organic inputs 

(cutting, carrying and incorporating) is also labor demanding (Jama et al., 2000; Herman & 

Lal, 2011). Farmers are therefore encouraged to create their own “biomass banks” within 

their farms to reduce the transport and labor cost (Mwiti Mutegi et al., 2012). 

As mentioned before, ISFM recommends the combined application of organic and inorganic 

fertilizers. Neither of these two inputs are usually available in sufficient quantities and both 

inputs are needed in the long-term to sustain soil fertility and crop production (Vanlauwe et 

al., 2010; Mwiti Mutegi et al., 2012). Organic inputs are a source of C, which is necessary for 

all microbial and faunal soil processes. Organic resources increase SOM, cationic nutrient 

retention, enhance soil fertility and reduce soil P sorption. Restoring and maintaining SOM 

content is essential for long-term crop productivity (Kimetu et al., 2008; Jaime & Viola, 2011). 

Inorganic fertilizers on the other hand improve crop yields and increase the quantity of crop 

residues useful as livestock feed or as organic fertilizer. They supply nutrients or correct 

unfavorable soil pH conditions. Calculated application of N fertilizer improves the 

performance of most cropping systems, even N-fixing legumes. For example, application of 

small amounts of N at planting, stimulates the root growth of legumes and therefore leading 

to better nodulation. More correct timing and placement of top-dressed N during high 

demand of maize, improves crop yield and agronomic efficiency (Alley & Vanlauwe, 2009; 

Vanlauwe & Giller, 2006). 
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According to Mugwe et al. (2009), maize treated with organic materials plus inorganic 

fertilizer had higher grain yield compared to the recommended rate of inorganic fertilizer 

(Table 1.1). The combination is a result of enhanced nutrient use efficiency, improved 

synchronization of nutrient release and uptake by the crop, as well as reduced acidity and a 

more balanced supply of nutrients. Manure treatments had lower yield in comparison to 

Tithonia, Calliandra and Leucaena, which could be attributed to lower rates of decomposition 

and therefore slow release of available nutrients. Moreover, applying organic materials over 

several seasons results in increased yields, because the tannin and lignin content slows their 

decomposition and has a long-term effect on nutrient availability. Negassa et al. (2001, 2005) 

also reported an increase in maize grain yield when low doses of N and P fertilizers were 

applied with different organic materials such as farmyard and compost, as compared with the 

control treatment (Table 1.2). The combined use of organic materials and N and P fertilizers 

gave similar grain yield when compared to the recommended rate of N and P fertilizers 

(110/20 kg/ha).  

Table 1.1 Maize grain yield obtained with different fertilizer treatments in the Central highlands 

of Kenya (Mugwe et al., 2009)  

Treatment Maize grain yield 
(t/ha) 

Cattle manure 4.1 

Cattle Manure + 30 kg N/ha 4.8 

Tithonia diversifolia 6.0 

Tithonia + 30 kg N/ha 5.8 

Calliandra calothrysus 5.3 

Calliandra + 30 kg N/ha 6.1 

Leucaena trichandra 5.3 

Leucaena + 30 kg N/ha 5.3 

Fertilizer (60 kg N/ha) 4.2 

Control (no inputs) 1.7 

 

Table 1.2 Maize grain yield obtained with application of compost, farmyard manure and N and P 

fertilizers in Western Ethiopia (Negassa et al., 2001; Negassa et al., 2005) 

Treatment  
(kg/ha + t/ha) 

Maize grain yield 
 (t/ha)  

25/11 N/P + 5 compost  6.34 

55/10 N/P + 5 compost  6.88 

20/20 N/P + 8 farmyard 6.82 

20/20 N/P + 12 farmyard 6.16 

110/20 N/P 7.42 

Control (no inputs) 3.97 
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Studies have indicated that the combination of organic and inorganic fertilizers ensure 

greater synchrony between nutrient release and plant uptake and therefore increase crop 

yield (Mugwe et al., 2009; Omotayo & Chukwuka, 2009). This explains why generally the 

integration of organic N inputs with inorganic fertilizers gives higher benefits than the 

recommended rate of fertilizer. Considering that most smallholder farmers cannot afford 

inorganic fertilizers, the use of organic resources or their combination with inorganic 

fertilizers may be an alternative to improve soil fertility and crop productivity (Mwiti Mutegi et 

al., 2012; Babajide et al., 2012). 

Essential in the development and application of ISFM, is improving farmers’ understanding 

as well as policy changes (Killham, 2010; Bationo et al., 2006a). The high yields obtained 

from on-station plots are not yet achieved on farms. Testing performance of ISFM practices 

under local conditions in on-farm experiments would enhance the relevance of research and 

accelerate finding adoptable and sustainable options (Mugwe et al., 2009).   
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1.2 An overview of compost  

1.2.1 The composting process 

Composting is the biological decomposition and stabilization of organic substrates by a 

mixed microbial population under optimum moisture, temperature and aeration conditions 

(Dalzell et al., 1987; Sunar et al., 2009). The process requires mostly aerobic conditions for 

the mineralization and humification of organic matter (OM) (Martínez-Blanco et al., 2013). 

Anaerobic composting occurs, but is less rapid and odourless than aerobic composting 

(Gardiner & Miller, 2008).  

The composting process is characterized by a period of rapid decomposition and 

temperature accumulation followed by a cooler, slower decline of the remaining organic 

substrates. Temperature will rise due to enhanced microbial heat production, resulting from 

heterotrophic oxidation and the slow heat release to the environment (Savala et al., 2003). 

To destroy pathogens effectively, temperatures of 71°C inside the composting heap for one 

hour or more need to be attained. The complete destruction of plant pathogens is almost 

impossible because the outside layers of the heap are cooler than the required killing 

temperature (Gardiner & Miller, 2008). During the composting process, carbonaceous and 

nitrogenous compounds are transformed through the activity of micro-organisms into more 

stable complex organic forms, which chemically resemble soil humic matter (Diacono & 

Montemurro, 2010; Stan et al., 2009). There is an order of decomposition rate for the 

different plant parts: carbohydrates, sugars, proteins and fats decompose the quickest, 

followed by hemicelluloses, cellulose and finally lignin (Mohee, 2007). 

The composting process is divided into different phases characterized by temperature and 

the bacterial and fungal populations, as shown in Figure 1.4. The psychrophilic stage is the 

first stage in the composting process with temperatures below 25°C. Psychrophilic bacteria 

only give off a small amount of heat in comparison to other types of bacteria. Nevertheless, 

the heat they produce is enough to help build up the compost heap temperature to the point 

where mesophilic bacteria and fungi take over. The mesophilic stage initiates the 

decomposition process with temperatures ranging from 25 to 40°C, allowing bacteria and 

fungi to grow. Micro-organisms in this stage breakdown effectively biomaterials. The third 

stage is the thermophilic stage, which is necessary to ensure stabilization and to pasteurize 

the compost. Harmful organisms are eliminated and the compost heap is detoxified. In this 

stage, temperatures can rise up to 75°C but are normally around 50 to 60°C. Bacteria, fungi 

and actinomycetes breakdown cellulose, lignin and other resistant materials. The 

thermophilic stage may last a few days depending on how well oxygen (O2) is supplied and 

on the quality and quantity of the substrate. Inside the compost heap, temperatures are much 

higher than outside, so to obtain even decomposition and better aeration, periodic turning is 

necessary. During the final stage, the maturation stage, the temperature will stabilize 

because substrate becomes a limit to micro-organisms (Savala et al., 2003; Hubbe et al., 

2010; Sunar et al., 2009; Dalzell et al., 1987).  
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Figure 1.4 The different stages of the composting process (Mohee, 2007) 

1.2.2 Determining factors of the composting process  

The most important factor of the composting process is the diverse population of 

predominantly aerobic micro-organisms. Their activity depends on the C/N ratio, O2 supply, 

moisture content, temperature, particle size and pH of the compost heap (Mohee, 2007).  

Micro-organisms need 30 parts of C for each part of N, where 20 parts are oxidized to carbon 

dioxide (CO2) for energy and 10 parts are used in the syntheses of protoplasm (Sunar et al., 

2009). N is used as a source of protein for cell production and population growth. A C/N ratio 

between 20:1 to 35:1 leads to an efficient process, but a ratio of 30:1 is optimal. When the 

C/N ratio rises above this level, meaning there is an inadequate N supply, heat production 

drops and the rate of composting slows down. On the other hand, when the C/N ratio drops 

below 20:1, excess N is lost as ammonia gas (NH3) or nitrate (NO3
-) and there is a rise in pH, 

which may be toxic to some micro-organisms. During the composting process, the C/N ratio 

of the initial material typically declines because the C is oxidized and the N is mineralized by 

micro-organisms (Mohee, 2007; Hubbe et al., 2010; Dalzell et al., 1987). 

Bacteria, fungi and actinomycetes prefer different types of organic material and when these 

organic molecules are no longer available, they become dormant or die. Microbial activity is 

optimal when pH ranges between 6.5 and 8. However, bacteria need a pH between 6 and 

7.5 whereas fungi need a pH between 5.5 and 8.9 for their activity. The pH varies with the 

raw material used in the compost and the production of various products (lactic and acetic 

acids) during the composting period. During the thermophilic stage, pH can rise up to 9 and 

thereby releasing NH3. In the maturation stage, pH will drop to neutral (Mohee, 2007; Hubbe 

et al., 2010).  

As mentioned above, composting is an aerobic process, so micro-organisms require O2 to 

break down the organic materials. Therefore, there should be enough void space to allow 

movement of O2 from the atmosphere into the heap and allowing CO2 and other gases to go 

out. The O2 concentration is related to the different microbial populations and gasses in the 

compost heap, like O2, NH3, hydrogen sulfide (H2S) and CO2 (Sunar et al., 2009). Micro-
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organisms can only digest organic material if the compost heap has a moisture content 

between 50 and 60%. This will provide a thin layer of moisture around the organic material, 

while still allowing free air movement. Water is produced during the compost process by the 

micro-organisms and is lost by evaporation. In the tropics, temperatures are high and 

compost can quickly dry out. Therefore, farmers need to ensure an adequate moisture 

content at all times by wetting the mixture initially and if necessary during the process as well 

(Dalzell et al., 1987). Recommended conditions for rapid composting are summarized in 

Table 1.3 (Mohee, 2007) 

Table 1.3 Recommended conditions for rapid composting  

Parameter Range of values Preferred range 

Temperature (°C) 45 – 65 55 – 60 

O2 concentration (%) >5 >12 

Moisture content (% ww) 40 – 65 50 – 60 

C/N ratio 20:1 - 35:1 25:1 

Particle size (mm) 3 – 13 - 

pH 5.5 - 9.0 6.5 - 8.0 

All the mentioned factors like moisture content and C/N ratio are depending on the physical 

and chemical characteristics of the organic material used for composting. Physical properties 

of importance are particle size and moisture content. Particle size affects O2 movement into 

and within the heap, as well as microbial and enzymatic access to the substrate. If particles 

are too large, the organic materials should be chopped into smaller pieces. On the other 

hand if particles are too small, the addition of a bulking agent (eg. wood chips or tree bark) 

will increase aeration. The optimum moisture content for the compost process is 50 to 60%. 

Water will interfere with O2 accessibility, slowing the rate of composting. Inadequate amounts 

of water will hinder diffusion of soluble molecules and microbial activity (Savala et al., 2003; 

Gardiner & Miller, 2008; Sunar et al., 2009).  

Chemical characteristics of importance are nutrient quality and quantity. The relative quantity 

of C, N, P, sulfur (S) and other nutrients is important. Secondary compounds, such as lignin 

and polyphenol are more recalcitrant to decomposition and may restrict N availability through 

protein-binding (Savala et al., 2003; Gardiner & Miller, 2008). 

Compost must be mature for its use as an organic fertilizer and is defined as material in 

which biological activity has slowed down. The term mature can also refer to the degree of 

phytotoxicity of the compost, due to the presence of phenols and low molecular weight 

organic acids. If compost is applied too soon, the leaves of plants may burn, the growth can 

stop or sensitive plants can die. Immature compost is still hot, smells poorly, has a wide C/N 

ratio and a high ammonium content, but continues to break down once it is incorporated into 

the soil. Mature compost is odourless, has a fine texture and dark colour and contains little N, 

P or K as shown in Table 1.4 and 1.5 (Mohee, 2007).  
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Table 1.4 Physical characteristics used to determine compost quality  

Parameter Mature compost 

Particle size Uniform particle size <12.5 mm for potting media and 
<7 mm for higher grade compost 

Texture Soil like 

Colour Dark brown to black 

Absence of inert material 
(plastics, glass and rocks) 

<1% (dry weight) of particles <4 mm 

Table 1.5 Typical nutrient value of manure-derived compost  

Nutrient Dry weight (%) 

N <1 up to 4.5 

K 0.5 to 1 

P 0.8 to 1 

Ca 2 to 3 

Mg 2 to 3 

1.2.3 Types of organic residues used for composting 

Practically any organic material can be composted, but some are less suitable than others. 

For example wood, cornstalks, large masses of wet material, weed with seeds and diseased 

plants are generally unsuitable for composting. Although some of these materials can be 

used if they are first shredded and well mixed with other materials. Large amounts of low-

cellulose materials, such as food wastes, are also difficult to compost. They will form large 

masses of gelatinous, anaerobic materials in piles. Farmers can solve this problem by adding 

fibrous materials (leaves, straw, wood chips) to improve the compost process by increasing 

aeration. Compost materials are often not sources of large amounts of available nutrients, 

commonly with less than 2% of N, P, or K (Gardiner & Miller, 2008; Dalzell et al., 1987).  

Palm et al. (2001) introduced an organic resource database containing information on quality 

parameters like macronutrients, lignin and polyphenol contents of fresh leaves, litter, stems 

and/or roots from 300 species found in the tropics. Cattle manure and crop residues were 

compared with the different plant parts of trees, shrubs and cover crops. Manure, crop 

residues, and the leaf litter, stems, and roots had median N values less than 2.0%, only a 

few samples had higher concentrations. On the other hand, fresh leaves had a median N 

concentration higher than 3.0%, ranging from 1 to 5.5%. The P concentrations in crop 

residues, leaf litter, stem, and root samples were less than 0.15% only a few samples had 

concentrations above 0.20%. Cattle manure and fresh leaf samples had P values as high as 

0.50%. Furthermore, fresh leaves of selected plant families had N concentrations less than 

3.0%, except for those of the Leguminosae and the Asteraceae. The N concentrations of 
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fresh leafs from Asteraceae were similar to legumes, with an average of 3.5%. The majority 

of the samples in these two families had N concentrations higher than 3.0%. The P 

concentrations of the leaves of legumes (0.17%) were lower than leaves of non-leguminous 

plants (0.21%). Leave samples from Asteraceae had higher P concentrations than the other 

families with an average of 0.30%. This can be attributed to the large number of samples 

from Tithonia diversifolia, which is high in P. 

Crop residues 

Crop residues vary greatly in nutrient content depending on plant species, plant parts and 

their maturity. Older vegetation is drier and contains less N. Nutrient content is also 

depending on plant available nutrients that are released in the soil. Generally crop residues 

are characterized by a high K content, low to moderate P content and a relatively low N 

content, as shown in Table 1.6 (Alley & Vanlauwe, 2009; Mohee, 2007).  

Green manure 

Tithonia diversifolia also called the Mexican sunflower, a member of the Asteraceae, is a 

high quality plant (Fig. 1.5). Olabode et al. (2007) and Babajide et al. (2012) both 

recommend this plant for use as a major component of compost. This non-legume shrub is 

commonly found on field boundaries and roadsides. Green biomass of Tithonia contains 

about 3.50% N, 0.37% P and 4.10% K on a dry weight basis. Tithonia has the ability to 

extract relatively high amounts of nutrients from the soil, decomposes fast and leads to a 

rapid increase in soil inorganic N (Olabode et al., 2007; Jama et al., 2000; Mustonen et al., 

2013).  

Another recognized advantage of Tithonia is the ease of handling its biomass due to the 

absence of thorns, which makes it more attractive to farmers than the thorny Lantana camara 

L.. This is also a non-legume shrub found on roadsides and farm boundaries. The green 

leaves of Lantana camara L. contain about 2.8% N, 0.25% P and 2.1% K on a dry weight 

basis (Jama et al., 2000). 

 

Figure 1.5 Tithonia diversifolia 
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Animal manure 

Animal manure is often a major component of compost and is widely recognized as a 

valuable nutrient source. Typical nutrient contents for various manures are shown in Table 

1.6. However, poor quality feed for livestock can result in manure with low nutrient contents. 

In SSA, where livestock actually gets poor quality feed, the N content in manure is often 

below 2% (Mohee, 2007; Alley & Vanlauwe, 2009). Livestock is mainly fed with Napier grass 

(Pennisetum purpureum) as shown in Figure 1.6, which is planted around the fields (Savala 

et al., 2003). 

Table 1.6 General nutrient content values of crop residues and poultry and livestock manures 

(Alley & Vanlauwe, 2009) 

Nutrient Crop residues 
(g/kg) 

Poultry manure 
(g/kg) 

Livestock manure  
(g/kg) 

N 10-15 25-30 20-30 

P 1-2 20-25 4-10 

K 10-15 11-20 15-20 

Ca 2-5 40-45 5-20 

Mg 1-3 6-8 3-4 

S 1-2 5-15 4-50 

 

 

Figure 1.6 Pennisetum purpureum (Encyclopedia of life, 2014) 
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1.3 Benefits of compost  

1.3.1 Source of organic matter  

SOM is the organic component of soil, consisting of plant and animal residues at various 

stages of decomposition, cells and tissues of soil organisms, and substances synthesized by 

soil organisms (Leroy et al., 2007).  

OM plays a crucial role in maintaining soil functions and is a parameter for soil fertility and 

resistance to erosion. The build-up in the soil is a slow process, much slower than its decline 

and can be enhanced by farm management techniques. Examples of these techniques are: 

zero tillage, organic farming, maintenance of permanent grassland and cover crops, 

mulching, manuring with green legumes and application of farmyard manure and compost 

(Ros et al., 2006). 

If soils have inadequate amounts of OM, they may not hold enough water and cannot supply 

an environment for beneficial microbes. These soils become quickly dependent on high 

levels of watering, multiple fertilizer applications and pesticides (Stan et al., 2009). Therefore, 

soils containing less than 2% OM benefit from management strategies that will increase OM 

(Ros et al., 2006). Compost increases SOM, improving physical, chemical and biological 

functions of the soil (Savala et al., 2003; Abdel-Mawgoud, 2006). 

Physical functions 

Increasing SOM will enhance aggregation and stability and thereby improving soil structure 

and soil porosity. Stability of aggregates prevents surface sealing and soil erosion, improves 

water infiltration, and enhances water holding capacity (Martínez-Blanco et al., 2013). Soil 

porosity is important for root proliferation, gas exchange, and water retention and movement. 

Moreover SOM improves the retention of plant nutrients and increases the soil biodiversity 

(Lal, 2009; Erhart & Hartl, 2010; Vanlauwe et al., 2010). 

Chemical functions 

OM is a source of plant nutrients, especially in the direct supply of N, P, S and K. Organic 

inputs also enhance CEC particularly in sandy soils and reduce Al toxicity and P-fixation in 

strongly acid soils with oxide mineralogy (Savala et al., 2003; Negassa et al., 2007). Diacono 

& Montemurro (2010) and Mwiti Mutegi et al. (2012) both reported a significant increase of 

organic C with the application of compost as compared to inorganic fertilizers. Compost has 

an impact on mineralization rate by increasing soil C directly, whereas inorganic fertilizers 

increase C only indirectly by improving plant growth. 

Biological functions 

SOM stimulates the activity of macrofauna and micro-organisms in the soil and contributes to 

the nutrient release. The micro-organisms require N for their growth, so they break down the 

organic materials and release nutrients. This process involves immobilization of N from the 

soil by the micro-organisms (Savala et al., 2003; Diacono & Montemurro, 2010). 
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1.3.2 Source of macro and micronutrients  

Compost provides macronutrients, like N, P and K which are immediately plant available, but 

also micronutrients. Depending on the feedstock of the compost, a wide range of 

micronutrients may be added, including Fe, copper (Cu), zinc (Zn) and B. These elements 

are necessary for plant growth and not easily obtained since most inorganic fertilizers contain 

only macronutrients (Gardiner & Miller, 2008). Chemical properties of different composts are 

shown in Table 1.7.  

Table 1.7 Chemical properties of different composts (Ros et al., 2006) 

Compost Urban organic 

waste compost 

Green  

compost 

Manure 

compost 

Sewage sludge 

compost 

Organic matter (g/kg) 330 350 270 470 

Total N (g/kg) 12 16 13 22 

C/N 16 13 10 12 

P2O5 (g/kg) 27 14 12 19 

K2O (g/kg) 6 13 13 32 

Cu (mg/kg) 70 38 41 168 

Zn (mg/kg) 277 163 213 630 

Ni (mg/kg) 21 22 19 36 

Cr (mg/kg) 32 28 15 40 

Pb (mg/kg) 75 28 13 70 

Cd (mg/kg) 0.56 0.34 0.20 0.89 

Hg (mg/kg) 0.24 0.15 0.07 0.85 

 

Nitrogen 

N is an important component of chlorophyll and is determined for the high photosynthetic 

activity, the vigorous vegetative growth and dark green colour of the plant. N deficiency leads 

to yellowish-green leaves (chlorosis), stunted growth and lower leaves may die (Silas et al., 

2012; Martin et al., 2006). 

Mwiti Mutegi et al. (2012) reported that total N was highest in treatments with organic 

residues in comparison to inorganic fertilizers. This significant difference could be attributed 

to the fact that OM must first undergo microbial decomposition unlike the inorganic fertilizers 

which are applied in plant available form and are lost through leaching and denitrification. 

Diacono & Montemurro (2010) also reported a significant increase by up to 90% in soil 

organic N after repeated applications of compost.  

However, only a fraction of the N and other nutrients becomes available in the first year after 

compost application. A large part of the compost N needs to be mineralized, because more 

than 90% is bound to the organic N pool and 30 to 60% is present in humic acids. The 

characteristics of the compost influence this mineralization process including the C/N, the 

biodegradability of the compost C and the microflora. Other factors are the biochemical 
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composition, like contents of soluble C, cellulose, and lignin and environmental factors like 

soil texture, pH, and climate. Therefore, 30 to 35% of the total N content can be plant 

available in the first year of application and most of the N release will occur in the first two 

years after application (Erhart & Hartl, 2010; Diacono & Montemurro, 2010).  

Phosphorous 

P is a component of the complex nucleic acid structure of plants, which regulates protein 

synthesis. Therefore, P is important in cell division, development of new tissue and is 

associated with complex energy transformations. Plants need P for the growth of roots and 

short tissues and the development of seeds and kernels of grain. P deficiency leads to 

stunted growth, slow emergence and growth, purple petioles, poor root development, less 

fruits and the plant will look spindly or stunted (Silas et al., 2012; Martin et al., 2006). 

P in compost is not readily available for plant uptake. Similar to N it is incorporated in OM. 

However, a part of the mineralized P is quickly made unavailable by binding with other 

elements in the soil. About 20 to 40% of the P in compost is immediately available to plants 

and has been decomposed to ortho-phosphate. OM is not only a source of P, but can also 

reduce the capacity of acid soils and soils with a pH above 8 to fix P (Erhart & Hartl, 2010; 

Diacono & Montemurro, 2010). 

Potassium 

Plants require K ions for protein activity primarily in maintenance of positive ion balance to 

satisfy negative ion charges on the protein. Furthermore, K is required in enzyme activation, 

osmotic regulation, regulation of stoma opening and production of high energy phosphate 

molecules. K deficiency leads to shortening of internodes, dwarfing, loss of green colour, 

marginal discolouration, premature death of older leaves, small size and quantity of fruits and 

white spots on leaves (Silas et al., 2012; Martin et al., 2006). 

Diacono & Montemurro (2010) reported a soil available K increase of 26% as compared with 

control, in a five year compost experiment. The compost was derived from organic household 

wastes and yard trimmings. Large proportions of woody plant material and kitchen refuse in 

the raw material could explain the increased availability, because these materials are rich in 

K. Babajide et al. (2012) also mentioned Tithonia as an organic source with high K amounts. 

Compost derived from this plant contained 2.18% K, whereas poultry manure only contained 

1.2% K. 

Not only plant material is determined for K availability, but also the composting process. For 

example, when compost is exposed to rainfall, K can leach due to its high water solubility. 

More than 85% of the K in compost can be immediately plant available and the rest is easily 

mineralized. Soil contents of available K generally increase with application of compost made 

from plant residues (Erhart & Hartl, 2010). 
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Micronutrients 

Fe, Mn, Cu, Zn, B, and Mo are essential elements for crop production and food quality. Low 

concentrations of Fe, Mn, Cu and Zn in long-term diets can cause human malnutrition. 

Applying organic matter to the soil can either decrease or increase metal availability, 

solubility, and plant uptake. Insoluble OM usually forms insoluble organometal complexes, 

making them less available for plant uptake or leaching. However, many organic 

amendments have a soluble C component or produce soluble decomposition products, which 

can increase metal solubility by forming soluble organometal complexes. Micronutrients are 

also released through the biodegradation of OM by micro-organisms (Erhart & Hartl, 2010). 

1.3.3 Cation exchange capacity and soil pH 

CEC refers to the total exchangeable cations in the soil. Clay minerals and humic substances 

are negatively charged and adsorb cations, avoiding them to leach. Cations may only enter 

the soil solution through exchange for other cations. Generally, soils with large quantities of 

negative charged sites are more fertile, because they retain more cations. The main cations 

associated with CEC in soils are Ca, Mg, sodium (Na) and K, also called the base cations. 

However, as soils become more acidic these cations are replaced by hydrogen (H+), Al3+ and 

Mn2+ (Erhart & Hartl, 2010). 

In a 5 year experiment with biowaste-compost, the CEC increased linearly with the amount of 

OM added through compost. CEC increased by 3 to 7% in the compost treatments compared 

with the control. In a second experiment, with compost application of 130 t/ha in different 

doses and intervals during 6 years, CEC increased by 4 to 10% (Erhart & Hartl, 2010).  

SOM increases the organic carbon stock and thereby the CEC, because OM is negatively 

charged. This is important for retaining nutrients and making them available for plants 

(Diacono & Montemurro, 2010; Mwiti Mutegi et al., 2012).  

Soil pH reflects the acidity or alkalinity of the soil and controls many chemical processes but 

especially affects plant nutrient availability. Acid soils can contain toxic concentrations of Al 

and/or Mn in the soil solution, which can restrict root and plant growth. Some plant nutrients 

like P are less available in acid soils due to precipitation with Al and Fe ions (Alley & 

Vanlauwe, 2009). 

Compost has an average pH between 7.5 and 7.8. Application of compost increases the soil 

pH in acidic soils and slightly acidic soils through base-forming cations (Erhart & Hartl, 2010; 

Leroy et al., 2007). Ouédraogo et al. (2001) also reported an increase in soil pH on plots 

treated with compost at rates between 0 and 10 t/ha compared to the control. Mwiti Mutegi et 

al. (2012) investigated different organic and mineral amendments on their influence on soil 

chemical properties. The soil pH increased significantly in sole manure treatment while it 

declined in treatments that received fertilizer at 60 kg N/ha, although this decline was not 

significant. However, the pH did not change in treatments with manure combined with 30 

kg·N/ha, sole Tithonia application and the control. The soils in this experiment were acidic 

with a pH between 4.8 and 5.6. Under such conditions, the availability of the base forming 
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cations is limited because the soil solution is mostly occupied by Al and H+. The increased 

soil pH could be attributed to the reduction of exchangeable Al, through Al precipitation or 

chelation of organic colloids. The increased soil pH observed with manure application could 

also be attributed to increased levels of exchangeable bases. 

1.3.4 Soil structure and bulk density 

Soil texture (sand, silt and clay) and structure determine the soil water holding capacity. For 

instance, silt-loam and clay soils hold more plant available water than sandy soils. Bulk 

density (grams of soil per cm³) is related to the mechanical impedance of soil to root growth 

and the movement of O2 to roots. Higher bulk density values mean that the soil has less pore 

space (Alley & Vanlauwe, 2009; Mueller et al., 2010). A good soil structure, in terms of 

agronomic use, has the following characteristics: optimal soil strength and aggregate stability 

for resistance to structural degradation; optimal bulk density which supports root 

development and contributes to other soil physical parameters such as water and air 

movement within the soil; optimal water holding capacity and rate of water infiltration (Erhart 

& Hartl, 2010; Mueller et al., 2010). 

Application of compost increases soil physical fertility, mainly by improving aggregate 

stability, decreasing soil bulk density and increasing soil pore volume (Manivannan et al., 

2009; Leroy et al., 2007; Olabode et al., 2007). The amount of large, continuous vertical 

coarse pores (>50 μm) is important for soil aeration and warming, for root growth and water 

infiltration. SOM will also increase soil’s capacity to hold plant available water. This is a result 

of the direct absorption of water and the improved aggregate stability containing plenty of 

pores that hold water under moderate tensions. Therefore, crops are more drought resistant 

(Erhart & Hartl, 2010). Martínez-Blanco et al. (2013) mentioned an increase in soil structural 

or aggregate stability between 29 and 63% and a reduced soil loss between 5 and 36% after 

compost application. Soil bulk density decreased between 0.7 and 23%, thereby increasing 

soil workability. Water holding capacity and plant available water increased by 50 and 34%. 

As mentioned above soil structure and soil aggregate stability improve with increased SOM, 

because OM binds mineral particles (sand, silt and clay) together. This could be a result of 

the increased microbial activity and their synthesized products, like polysaccharides. 

Conversely, products rich in humic compounds, such as manures or composts, would also 

be expected to increase aggregate hydrophobicity of clays. High aggregate stability is 

important, because the soil becomes more resist to rain drop impact and less susceptible to 

erosion. Improved soil structure allows higher rates of rainfall infiltration, because OM has 

much higher water holding capacity than mineral soil materials due to greater pore space. 

Finally, good soil structure improves air exchange that is needed for plant root development 

(Alley & Vanlauwe, 2009; Diacono & Montemurro, 2010). 
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1.3.5 Plant growth and yield  

As mentioned before, application of compost influences physical, chemical and biological 

functions of the soil and therefore influences plant growth and yield. 

Common bean 

Common bean is a legume that can fix N. Their response to compost may differ from that of 

other crops, but they will profit from other nutrients as well as from the improved soil 

conditions. The positive effect of compost on plant growth and yield are observed by Erhart & 

Hartl (2010) and Abdel-Mawgoud (2006). They both attribute this increase primarily to the 

release of nutrients in the soil. Compost has also the ability to preserve nutrients from 

leaching away through water.  

Manivannan et al. (2009) evaluated the effect of vermicompost on crop productivity. The 

growth and yield of beans increased due to application of vermicompost from sugar mill 

wastes. However, this increase was higher in soil treated with vermicompost supplied with 

NPK fertilizer (Table 1.8). This treatment supplies higher macro and micronutrients to the soil 

and the plants in an available form. The application of only NPK fertilizers had the lowest 

growth and yield. This can be attributed to fertilizer toxicity as mentioned by Kabir et al. 

(2010). Inorganic fertilizers like triple superphosphate (TSP), diammonium phosphate (DAP) 

or monoammonium phosphate (MAP) should not be placed closely to the seed, as it will 

inhibit emergence and establishment of the seed. The increased ammonium and P 

concentration close to the developing seed may suppress early growth including root growth 

and high osmotic pressure prevent water uptake by seeds. 

Table 1.8 Effect of vermicompost and NPK on plant growth and yield parameters of common 

bean 

Plant characteristics  

 

Control 
(no inputs) 

Vermicompost 
(5 t/ha) 

Vermicompost 
+ 50% NPK 

Shoot length after 20 days (cm) 31 34.8 40.3 

Shoot length after 40 days (cm) 37.5 43.5 55 

Shoot length after 60 days (cm) 40 54.2 69.1 

Number of seeds per pod 5 6 9 

Number of pods per plant 9 19 24 

Pod weight (ton/ha) 6.75 11.26 14.38 

 

Naluyange et al. (2014) evaluated the effect of water hyacinth compost on plant growth and 

yield of common bean (Table 1.9). Seeds grown with DAP had significantly lower 

germination percentage (<20%) than the compost formulations (>80%) and control (>80%). 

However, there was no significant difference in germination percentage between the 

composts and plants without fertilizer. Development period is determined by the number of 

days to emergence, first trifoliate, flowering, pod formation and pod ripening. The 
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development period was the longest for DAP treatment, with respectively 8.4, 15.5, 38.2, 

44.8 and 71.9 days. Compost treatments had significantly shorter development periods, with 

respectively 7.1, 14.8, 35.7, 43.4 and 69.7 for water hyacinth compost with cattle manure. 

Plants treated with the different composts were larger in size, with longer leaves at the first 

trifoliate stage and had higher number of flowers when compared to plants without fertilizer. 

Furthermore, the average seed weight per plant was higher with DAP, but the yield per unit 

area was lower when compared to compost treatments and control. As mentioned above, the 

toxicity of inorganic fertilizers can lead to few germinated seedlings, which results in a low 

population density of plants that yield heavy seeds. In this study yields of compost treatments 

were similar to those without fertilizer, although compost has long-term benefits in nutrient 

deficient soil. 

Table 1.9 Effect of water hyacinth compost and DAP on plant growth and yield parameters of 

common bean 

Plant characteristics Control  
(no inputs) 

DAP Water hyacinth 
compost 
+molasses 

Water hyacinth 
compost 
+cattle manure  

Leaf length (cm) 10.0 10.2 9.6 10.1 

Leaf width (cm) 6.3 6.8 6.1 6.2 

Height (cm) 5.9 5.8 6.1 6.2 

Flowers 4.8 6.3 4.6 4.4 

Harvested pods 17.0 25.8 15.3 13.4 

Seeds per pod 4.1 4.4 4.2 4.0 

Seed weight (g) 24.9 32.8 18.3 20.4 

Yield (t/ha) 2.2 0.4 1.8 1.5 

 

Fernández-Luqueño et al. (2010) evaluated the effect of different N sources on plant 

characteristics and yield of common bean. The emergence of the seedlings increased in soil 

treated with vermicompost compared to the other treatments (urea, wastewater-sludge and 

control). Vermicompost contains essential nutrients, like P and K, and micronutrients which 

will stimulate plant emergence. Moreover, vermicompost contains humic acids, which 

regulate many processes of plant development including macro and micronutrients 

adsorption and stimulation of plant growth. The number of flowers and pods, pod dry weight, 

yield per plant and number of beans per plant were higher in the vermicompost treatment 

compared to the control.  

Maize 

Maize requires a large amount of readily available plant nutrients and a soil pH between 5.5 

and 8. On poor soils, vegetative growth may use most of the available nutrients leaving little 

for grain production. When the crop is growing, N fertilizers should be applied, because the 
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roots will quickly absorb it and prevents losses from leaching or denitrification. All N should 

be applied before tasseling (Martin et al., 2006; Erhart & Hartl, 2010).  

Aziz et al. (2010) and Ogbonna et al. (2012) both report an influence of compost on plant 

growth. Plant height and leaf area were significantly improved with application of compost 

compared to the control. Generally, vegetative parameters including, maize stem length, 

girth, number of leaves and leaf length, were significantly influenced by the application of 

compost at different concentrations (Table 1.10).  

Table 1.10 Effect of compost manure on plant growth parameters of maize (Ogbonna et al., 

2012) 

Plant characteristics Control 
 (no inputs) 

Compost 
manure  
(3 t/ha) 

Compost 
manure  
(9 t/ha) 

Compost 
manure  
(18 t/ha) 

Stem length (cm) 72.0 170.5 207.0 189.5 

Stem girth diameter 
(cm) 

2.7 2.8 2.9 2.8 

Number of leaves 8.0 14.0 17.0 19.0 

Leaf length (cm) 81.0 98.5 108.5 101.5 

Leaf width (cm) 27.0 30.5 35.0 28.5 

 

Mugwe et al. (2007) reported higher maize yields in treatments where Tithonia, Calliandra 

and Leucaena prunings either alone or in combination with fertilizer were applied compared 

to the control. The increase can be attributed to the higher amounts of nutrients. However, 

these treatments gave significantly higher yields than the recommended amount of inorganic 

fertilizer. Chivenge et al. (2009) also mentioned higher maize yields in treatments with 

Tithonia and Calliandra compared to the control. Tithonia had the highest mean yield of 4.9 

t/ha in Embu and 2.3 t/ha in Machanga, both in the central highlands of Kenya.  

However during a two year experiment, Mwiti Mutegi et al. (2012) reported that soil treated 

with Calliandra had the highest maize grain yield between 4.2 and 4.8 t/ha compared to sole 

Tithonia application. Sole Tithonia application resulted in grain yield between 3.1 and 3.4 

t/ha. The control gave the lowest grain yield between 0.4 and 1.6 t/ha and fertilizer (calcium 

ammonium nitrate) at 30 kg N/ha gave 1.8 t/ha. Generally, grain yield was lower in 

treatments with mineral N compared to treatments with sole organic materials and organic 

materials with 30 kg N/ha. Mugwe et al. (2009) also reported that combined application of 

organic materials (30 kg N/ha) and inorganic fertilizer (30 kg N/ha) gave significantly higher 

maize yields than the recommended rate of inorganic fertilizer, an indication that the organic 

materials improve nutrient use efficiency from inorganic fertilizer.  

As mentioned before, there is a yield gap between farmer- and research-managed plots. 

Mugwe et al. (2009) reported that maize yields were higher on research-managed plots than 

on farmer-managed plots. This could be attributed due the higher soil fertility status of 
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research plots or to better management/agronomic practices on research stations than on 

farms.  

Compost does not only have benefits in the short term, but also in the long term. For 

instance, N mineralization from vegetable, fruit and garden compost is very limited in the 

short term. However, there is a significant residual N effect which becomes visible after 4 to 5 

years, resulting in higher N availability and yields. Moreover, repeated compost application 

improves soil physical properties and growing conditions (water uptake, aeration) for the crop 

(Leroy et al., 2007). 
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2 Material and methods 

2.1 Objectives 

The objectives of this research are : 

 To assess the effect of organic manure on the growth and yield of maize and beans 

 To assess the effect of organic manure on soil properties 

2.2 Experimental sites 

The field experiments were conducted in Kakamega County, Western Kenya during the long 

rain season. Kakamega is situated 0°12’N; 34°48’E at an elevation of 1,250 m above sea 

level (asl) in the southwest and 2,000 m asl in the east. Annual mean temperature varies 

between 18 to 21°C and annual rainfall varies between 1,000 and 2,400 mm. There are two 

yearly rain seasons: the long rains, from March until June, and the short rains from August 

until November. About 500 to 1,100 mm falls during the long rains and 450 to 850 mm during 

the short rains. The rainy season is characterized by heavy afternoon showers with 

occasional thunderstorms.  

Soils in Kakamega are highly weathered and vary in texture from clay to sandy loam. 

However, due the heavy rains, soils are vulnerable to erosion leading to a reduced 

agricultural productivity. Therefore, 70% of the soils are low in fertility due the intensive 

weathering, leaching and continuous cultivation without using fertilizers (Rota et al., 2006).  

The research was carried out at five farms (Fig. 2.1), each one making their own compost. 

Farmers were in charge of the compost production, plot selection. All farming operations like 

ploughing and weeding were done under the supervision of project research assistants. The 

sixth location was within MMUST (On-station) where the compost from all five farms was 

tested. On the general soil map of Kenya (Fig. 2.2), the soils of the five farms are classified 

as Haplic Acrisols and are developed on granitic rocks. Although this map also indicates that 

the soil at MMUST is the same, this soil has very different physical and morphological 

properties than the farm soils and is classified as a Nitisols developed on basic rocks 

(dolerite) (see Results). Table 2.1 gives an overview of the location of the experiential sites, 

the farm size, the crops they grow and their livestock. 
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Figure 2.1 Location of the six experimental sites in Kakamega (Google Maps, 2014) 

 

Figure 2.2 Distribution of the different soil types at the experimental sites (ISRIC, 2014) 
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Table 2.1 Characteristics of the experimental sites 

Site Location Elevation              
(m asl) 

Farm size         
(acre) 

Crops Livestock 

Musundi N: 00°19.696’          
E: 34°46.346' 

1,550 2 maize, mushroom, 
Napier grass, 
pumpkin, sugarcane, 
fruit, sorghum 

cows and 
chickens fed with 
Napier grass 

Caipa N: 00°19.914’          
E: 34°46.772' 

1,582 2 maize, fruit, Napier 
grass 

cows, chickens 
and goats fed with 
Napier grass and 
sugarcane 

Rogers N: 00°20.542’          
E: 34°46.436' 

1,516 34 maize, Napier grass, 
fruit 

cows and 
chickens fed with 
Napier grass and 
maize 

Kahi N: 00°19.927’          
E: 34°44.785' 

1,516 2 maize, fruit, 
sugarcane, pumpkin  

cows and 
chickens fed with 
maize 

Perez N: 00°19.350’          
E: 34°44.901' 

1,547 1.5 maize, fruit, 
cabbage, Napier 
grass, spinach  

cows and 
chickens fed with 
Napier grass 

On-
station 

N: 00°17.104’          
E: 34°45.871' 

1,559  / / 

 

2.2 Compost heap formation 
For each farm, ten members were selected for their involvement in the composting process. 

Farmers only used organic materials within their reach (Table 2.2). The compost heap 

contained repeated layers of dry plant material, wood ashes which accelerated the process, 

soil, animal material and green plant material if available. Water is essential for all enzymatic 

processes, so 20 l was sprinkled over the several layers. The soil served as an inoculum and 

was the main source of micro-organisms for the compost. Each layer (thickness of 8 cm) was 

added three times, resulting in a heap of 4 x 1.5 x 1.5 m (L x W x H) (Fig. 2.3). The compost 

heaps were protected from the sun by a plastic sheet shade in order to prevent overheating 

and drying out.  

The compost heap was turned three times with two weeks in between (Fig. 2.4). Farmers 

used pitch forks for turning and mixing the compost. Biological activity and temperature were 

monitored by pushing a stick into the middle of the heap. The stick was pulled out each time 

the compost heap was turned and felt by hand for temperature changes. Turning is important 

as it ensures proper mixing, wetting, aeration and decomposition. After two months the 

compost was sieved and ready to use on the field. 
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Table 2.2 Characteristics of the farm compost 

 Site 

 Musundi Caipa Rogers Kahi Perez 

Compost  CF4 CF2 CF5 CF1 CF3 

Dry plant             
material 

Leaves from 
Eucalyptus, 
sugarcane, banana, 
guava, Napier grass, 
Grevillea. Waste 
from sugarcane 
factory comprising 
lime and molasses 

Leaves from 
Eucalyptus, 
sugarcane, guava 
and Lantana camara 

Leaves from 
Markhamia lutea, 
Ficus spp. and 
local tree called 
'Sofia' 

Leaves from 
Spathodea 
campanulata (Nandi 
flame) and 
Eucalyptus 

Leaves from 
Eucalyptus, Napier 
grass, finger millet 
and Grevillea 

Green plant      
material 

Leaves from 
cassava, Calliandra 
and Tithonia 
diversifolia 

/ Leaves of guava 
and Acanthus 
arboreus 

/ Vine tree leaves 

Animal material Cattle dung Waste obtained from 
slaughter house, 
consisting of 
digested and 
undigested materials 

Cattle dung Cattle dung Cattle dung and 
chicken droppings 

Ratio of 
plant/animal 
waste 

4/1 1/5 1/1 1/3 1/4 
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Figure 2.3 Compost heap formation: layers of dry plant, animal and green plant material  

Figure 2.4 Compost heap after 45 days of composting 

2.3 Experimental design  

2.3.1 Common bean 

The certified variety KK 8 (KARI Kakamega), only used in Western Kenya, was chosen for 

this research. The experiment (On-station at MMUST campus) was set up as a randomized 

complete block design, with three replicates of each treatment (block A, B, C) (Fig. 2.5). 

There were seven treatments, including the five different composts (CF1, CF2, CF3, CF4, 

CF5), inorganic fertilizer (DAP 18-46-0) and no fertilizer (NON). Each micro plot had a total 

surface area of 6.65 m2 with seven micro plots per block. Between each micro plot in a block, 

a space of 0.5 m was left free to demarcate the different treatments. Between each block a 

space of 1 m was left free. There were 8 rows per micro plot with 20 plants on each row. 

Beans were planted on 16th April 2013 at the university farm (On-station) and sown with an 

inter row spacing of 0.5 m and between plant spacing of 0.1 m. Table 2.3 gives an overview 

of the applied fertilizer amounts and their N, P and K content. During the growing season, 

the field was weeded two times using hoes. 
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Block A  Block B  Block C 

DAP CF2 NON 

CF4 NON CF5 

CF2 CF1 DAP 

NON CF3 CF4 

CF5 DAP CF2 

CF3 CF4 CF1 

CF1 CF5 CF3 

 

Figure 2.5 Randomized complete block design for beans and maize 

Table 2.3 Applied amounts of fertilizer and their NPK content in the bean experiment 

Treatment Application  
rate (t/ha) 

N (kg/ha) P (kg/ha) K (kg/ha) 

CF1 26.52 556.88 100.77 326.17 

CF2 19.31 270.28 61.78 218.16 

CF3 19.82 346.89 87.22 49.56 

CF4 21.13 591.75 90.88 128.92 

CF5 37.26 521.70 134.15 190.05 

DAP 0.26 47.52 121.44 / 

 

2.3.2 Maize 

The certified variety H-614-D (hybrid) was chosen for this research. The randomized 

complete block design for the beans was also used for planting the maize. It included the 

same seven treatments (5 composts, DAP and NON) and one more treatment planted 

without fertilizer but topdressed with inorganic fertilizer (NON+). Maize On-station was 

planted on 16th April 2013 and sown at an inter row spacing of 0.75 m and between plant 

spacing of 0.25 m. Each micro plot had 6 rows with 13 plants, resulting in a micro plot of 

14.625 m². Table 2.4 gives an overview of the applied fertilizer amounts and their N, P and K 

content. The plants of the NON+ treatment were topdressed on 14th June 2013 with calcium 

ammonium nitrate (CAN 26-0-0). The plants of the compost treatments were topdressed with 

compost (amounts similar to those at planting). The control (NON) was not topdressed. 

During the growing season, the field was weeded two times using hoes. 
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Table 2.4 Applied amounts of fertilizer and their NPK content in the maize experiment On-

station 

Treatment Application  
rate (t/ha) 

N (kg/ha) P (kg/ha) K (kg/ha) 

CF1 13.60 285.60 51.68 167.28 

CF2 9.87 138.13 31.57 111.49 

CF3 10.03 175.47 44.12 25.07 

CF4 11.20 313.60 48.16 68.32 

CF5 19.31 270.29 69.50 98.46 

DAP 0.19 33.79 86.36 / 

CAN 0.13 34.53 / / 

 

At the farms only maize was planted to evaluate the benefits of compost on soil, because 

there was not enough land available for planting maize and beans. The experiment at the 

farms comprised of five fertilizer treatments: the compost produced by the farmer, inorganic 

fertilizer (DAP), the combination of compost and DAP, a treatment without fertilizer (NON) 

and a treatment topdressed with inorganic fertilizer (NON+). Surface area and planting date 

of the five farms are shown in Table 2.5. The same methods for planting On-station were 

used for planting at the farms with three replicates per treatment. Table 2.6 gives an 

overview of the applied fertilizer amounts and their N, P and K content. The plants of all 

treatments were topdressed 18th June 2013 with 0.13 t/ha of CAN, except for the treatment 

without fertilizer (NON).  

Table 2.5 Surface area and planting date of maize at the farms 

Experimental site L x W (m) Surface area (m²) Planting date 

Musundi 3 x 2.25 6.75 20/04 

Caipa 2.5 x 2.25 5.63 19/04 

Rogers 3.75 x 3 11.25 18/04 

Perez 3 x 2.25 6.75 23/04 

Kahi 5.25 x 1 5.25 23/04 
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Table 2.6 Applied amounts of fertilizer and their NPK content in the maize experiment at the 

farms 

Farm Treatment Application  
rate (t/ha) 

N (kg/ha) P (kg/ha) K (kg/ha) 

Kahi CF1 13.60 285.60 51.68 167.28 

DAP 0.19 33.79 86.36 / 

CF1+DAP 7.07+0.07 161.17 59.26 86.98 

Caipa CF2 9.87 138.13 31.57 111.49 

DAP 0.19 33.79 86.36 / 

CF2+DAP 5.15+0.07 84.75 48.86 58.17 

Perez CF3 10.03 175.47 44.12 25.07 

DAP 0.19 33.79 86.36 / 

CF3+DAP 5.29+0.07 105.17 55.64 13.21 

Musundi CF4 11.20 313.60 48.16 68.32 

DAP 0.19 33.79 86.36 / 

CF4+DAP 5.64+0.07 170.47 56.62 34.38 

Rogers CF5 19.31 270.29 69.50 98.46 

DAP 0.19 33.79 86.36 / 

CF5+DAP 9.94+0.07 151.80 68.16 50.68 

 

2.4 Plant growth and yield 

2.4.1 Common Bean 

Physical parameters were measured to characterize the growth of beans. Measurements 

were taken at row 4 and 5 of each micro plot. The emergence date of every seedling was 

recorded and used to calculate the duration for germination (days after planting). The 

number of seedlings that germinated out of the total number of seeds that were planted was 

used to determine the germination percentage. The date for formation of the first three 

leaves was recorded and used to calculate the duration. When the first three leaves were 

fully formed in 80% of the plants, plant height, length of the middle leaf and width were 

measured, using a meter rule to ± 0.1 cm. Plant height was measured from stem base to 

petiole. The length of the middle leaf was measured from base to apex and the width at the 

widest part of the leaf.  

The date when the first flower appeared was recorded and the amount of flowers was 

counted every three days for a period of three weeks. The date when the first pod was 

formed was recorded, as well as the ripening date of the first pod. When 80% of the plants 

had fully mature green pods, the number of mature pods and total number of pods per plant 

was recorded. Plants were harvested on 16th July 2013 and the number of harvested pods 

per plant recorded (Fig. 2.6). The harvested pods from every plant were packed in separate 

paper bags and sun dried. From every paper bag, three pods were randomly selected and 

the number of seeds in each of the pod recorded. The total weight of seeds per plant was 
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recorded, using a weighing balance to ± 0.01 g and converted to yield (t/ha) using the 

following formula (Naluyange et al., 2014):  

                      
     

        
 

Whereby y is the seed weight per plot (g/plot), x is the space occupied by one plant (0.05 

m2), n is the number of plants per treatment (40), α converts weight in grams to tons (10-6) 

and β converts area in m² to hectares (10-4). 

 

Figure 2.6 Experimental field at MMUST: 1 month after planting (left) and at harvest (right) 

2.4.2 Maize 

Physical parameters were measured to characterize the growth of maize. Measurements 

were taken at row 3 and 4 of each micro plot. The emergence date of every seedling was 

recorded and used to calculate the duration for germination (days after planting). The 

number of seedlings that germinated out of the total number of seeds that were planted was 

used to determine the germination percentage. The plant size in terms of leaf number, plant 

height, leaf length and width were recorded every two weeks from the date when the first 

plant emerged for a period of two months. All measurements were done by a meter rule to ± 

0.1 cm. Plant height was measured from the plant base to the funnel of the youngest two 

leaves. Leaf length and width were measured on the youngest fully open leaf. Leaf length 

was taken from the apex to the stalk scar, while leaf width was measured at the widest part 

of the leaf. Two months after planting, plant girth was measured 30 cm from the soil level. 

The appearance date of the male (anthesis) and female (silking) flower was recorded, as 

well as the physiological maturity date of the ears. The senescence date was recorded when 

the entire plant was starting to dry.  

Plants were harvested on 18th September 2013 at the university farm and on 19th and 20th 

September 2013 at the five farms. The harvested cobs from every plant were packed in 

separate paper bags and sun dried. The stover was cut and weighed, in order to determine 

the fresh weight. A part of the stover was cut into small pieces to take a random subsample. 

These samples were then dried in the oven to determine the dry weight. Dry cobs were 

degrained and grains were weighed separately. Moisture content of every micro plot was 
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recorded using a grain moisture meter (Dickey John MINI GAC PLUS), as well as the weight 

of 100 grains. Grain yield was calculated using following formula (Khalil et al., 2011):  

                    
                       

             
 

Whereby EW is the ear weight per plot (kg/plot), MC1 is the moisture content of the grains at 

harvest (%), MC2 is the moisture content required in maize grains at storage (13%), S is the 

shelling percentage (85%) and P is the area of the harvested plot (4.875 m²). 

Grain yield of the farms of Caipa and Perez were not determined. The experimental field at 

Caipa was destroyed by a storm (11th August), plants were lying down and weeds had 

overgrown the maize plants (Fig. 2.7). The experimental field at Perez was partly harvested 

by the owner and cobs were rotten or eaten by birds, remaining with not enough plants to 

determine grain yield (Fig. 2.7). The experimental fields of other farms and at MMUST are 

shown in Figure 2.8 and 2.9.  

 

Figure 2.7 Experimental field at Caipa (left) and Perez (right) 

 

Figure 2.8 Experimental field at Kahi (left) and Rogers (right) 
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Figure 2.9 Experimental field of maize at MMUST: 4 months after planting (left) and at harvest 

(right) 

2.5 Soil and compost analysis 

Compost from the five farms was analyzed for their nutrient composition at the Kenya 

Agricultural Research Institute’s National Agricultural Laboratory (KARI-NAL). Soil samples 

were collected before experimental set up and after harvesting the beans. Topsoil (0–20 cm) 

samples were taken with a spade at ten points per micro plot and per block on the bean field. 

Samples were mixed and air dried for two days before analyzing. The samples were used in 

determination of soil texture and soil pH at MMUST. Bulk density was determined using 

Kopecky rings at MMUST. Nutrient composition of the soil was analyzed at KARI-NAL soil 

lab.  

2.5.1 Soil particle size  

Particle size analysis of a soil estimates the percentage sand, silt and clay. The hydrometer 

method depends on the particles size and its different settling velocities within a water 

column. Fragments of the soil were separated, using a 2 mm sieve. Each sample, 50 g of 

soil, was treated with hydrogen peroxide (H2O2) to destroy organic matter. Distilled water and 

10 ml of 10% calgon (sodium hexametaphosphate) were added to the solution to disperse 

the soil particles. After 10 minutes the suspension was mixed with an electric high speed 

stirrer for 5 minutes. The soil suspension was transferred into a sedimentation cylinder and 

water was added to the 1 litre mark. The suspension was stirred with a plunger for 2 minutes, 

moving it up and down through the cylinder. Three drops of amyl alcohol was added to 

remove excessive foam. Two readings with the hydrometer were taken, after 40 seconds and 

after 2 hours. Soil particle size can be estimated using the following formula (Okalebo et al., 

1993):  

        
              

  
      

        
            

  
      



37 

 

                         

Soil texture can be classified according to USDA-FAO texture triangle (Fig. 2.10). 

 

Figure 2.10 USDA-FAO texture triangle (Schoeneberger et al., 2012) 

2.5.2 Bulk density 

Samples for bulk density where taken with Kopecky rings at harvest. Before inserting the 

metal ring, 2 cm of the surface soil was removed. The ring was inserted, using an auger and 

excessive soil around the ring was removed with a knife. After weighing the sampled soil, the 

samples were dried at 105°C for 2 days and the dry weight was measured. Bulk density can 

be estimated using the following formula:  

                       
       

 
  

whereby wt1 is the initial weight (g) of soil after sampling, wt2 is the final weight (g) of soil 

after drying in an oven at 105°C for 2 days and V the volume (cm3) of metal cylinder (volume: 

100 cm³, height 5 cm) used for sampling (Okalebo et al., 1993). 

2.5.3 Soil pH 

The pH of the soil was determined on a soil/water ratio of 1:2.5 and 1:5. Therefore, 20 g of 

soil (fragments <2 mm) was diluted in 50 ml of deïonised water (ratio 1:2.5) and 10 g of soil 

diluted in 50 ml of deïonised water (ratio 1:5). The samples were shaken for 10 minutes, 

standing for 30 minutes and again shaken for 2 minutes. Soil pH was measured using a pH-

meter. 
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The pH potassium chloride (KCl) was determined on a soil/KCl ratio of 1:5 Therefore, 10 g of 

soil (fragments <2 mm) was diluted in 50 ml of 1.0 M KCl solution. The samples were shaken 

for 10 minutes, left standing for 30 minutes and again shaken for 2 minutes. Soil pH was 

measured using a pH-meter (Okalebo et al., 1993). 

2.5.4 Compost analysis 

The method for analyzing compost at KARI-NAL is based on the digestion in tubes with 

H2SO4, salicylic acid, H2O2 and selenium (Se). The larger part of organic matter is oxidized 

by 30% H2O2 at relatively low temperature (100°C). After decomposition of the excess H2O2 

and evaporation of water, the digestion is completed by concentrated sulphuric acid at 

elevated temperature (330°C) under the influence of Se as a catalyst.  

K is determined with a flame photometer, P is determined calorimetrically with a 

spectrophotometer, total N is measured by distillation followed by titration with standardized 

0.01N HCl and Ca, Mg, Cu, Zn, Mn and Fe are determined with atomic absorption 

spectrophotometer (AAS). 

2.5.5 Soil fertility analysis 

Following methods are used at KARI-NAL for determining soil fertility.  

Mehlich Double Acid method  

The method is used to determine the available P, K, Na, Ca, Mg and Mn. The oven-dry soil 

samples are extracted in a 1:5 ratio (w/v) with a mixture of 0.1 N HCl and 0.025 N H2SO4. 

Elements such as Na, Ca and K are determined with a flame photometer and P, Mg and Mn 

are determined spectrophotometrically.  

Calorimetric method  

The method is used to determine the total organic C. All organic C of the soil sample is 

oxidized by acidified dichromate at 150°C for 30 minutes to ensure complete oxidation. 

Barium chloride is added to the cool digests. After mixing thoroughly, digests are allowed to 

stand overnight. The C concentration is read on the spectrophotometer at 600 nm. 

Kjeldahl method 

The method is used to determine the total N. Soil samples are digested with concentrated 

sulphuric acid containing potassium sulphate, selenium and copper sulphate hydrated at 

approximately 350°C. Total N is determined by distillation followed by titration with diluted 

standardized H2SO4. 

Exchangeable Acidity 

A sieved (2 mm) soil sample of 5 g is placed into a 50 ml container and 12.5 ml of 1 M KCl is 

added. The solution is stirred and allowed to stand for 30 minutes. Afterwards, the solution is 

filtered through a funnel and leached with 5 successive 12.5 ml aliquots of 1 M KCl. Three 

drops of phenolphthalein indicator solution are added and titrated with 0.1 M NaOH to the 
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first permanent pink colour of end point. The used volume (ml) of NaOH is read on the 

burette. The titration is corrected by readings for a blank titration of 75 ml KCl solution. 

Extraction with 0.1 M HCl 

The method is used for determining available trace elements (Fe, Zn and Cu). The oven - dry 

soil samples are extracted in a 1:10 ratio (w/v) with 0.1 M HCl. Elements are determined with 

AAS. 

Soil pH – water 

Soil pH determined in a 1:1 (w/v) soil – water suspension with pH – meter. 

2.6 Statistical data analysis 

Statistical analysis was conducted using SPSS Statistics Version 20. Data on plant growth, 

yield and soil chemical properties were first checked for normality using the Shapiro-Wilk 

test. If data was normal, they were analyzed using Two-way ANOVA, if not the non-

parametric test Kruskal-Wallis was used at the 0.05 probability level (P<0.05). Two 

treatments were compared with each other using the Mann-Whitney U test. The On-station 

the treatments were compared to determine significant differences in organic and inorganic 

fertilizers. At each farm compost was compared to DAP and the combined combination of 

DAP and compost.  

.  
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3 Results 

3.1 Soil and compost characteristics  

3.1.1 Characterization of the experimental sites 

Results of the physico-chemical analyses of the soil at MMUST are shown in Table 3.1 and 

3.2. The soil at MMUST is classified as a Umbric Nitisol (Eutric, Rhodic). The textural class is 

clay, the clay % ranging from 50% in the topsoil to 67% in the B-horizon. The topsoil has a 

pH water (pHw) of 5.16 and a pH KCl of 4.3, which means the topsoil is moderately acid. The 

pH rises with depth to nearly neutral values (pHw) in the lower part of the soil profile. The 

clayey texture is typical for highly weathered soils derived from basic rock. Base saturation 

(V) ranges from 45% in the A-horizon to 69% in the subsoil. CEC is less than 22 cmol(+)/kg 

throughout the soil.  

Table 3.1 Physico-chemical data of the soil On-station before planting the beans 

Profile Total N 
% 

C  
% 

Pavail  
mg/kg 

Ca  
cmol(+)/kg 

K  
cmol(+)/kg 

Mg  
cmol(+)/kg 

Na  
cmol(+)/kg 

Topsoil 0.23 2.45 21.70 7.05 0.52 1.65 0.08 

Ap 0-20 cm 0.19 2.16 27.00 7.15 0.38 1.78 0.08 

AB 20-36 cm 0.20 2.17 3.94 6.40 0.26 1.12 0.07 

BA 36-55 cm 0.14 1.58 0.51 9.85 0.25 1.19 0.08 

Bt1 55-95 cm 0.06 0.56 0.35 6.00 0.27 0.95 0.08 

Bt2 95-131 cm 0.06 0.54 0.67 6.90 0.19 1.17 0.06 

 

Table 3.2 Physico-chemical data of the soil On-station before planting the beans 

Profile CEC 
cmol(+)/kg 

V  
% 

pHw 
(1:5) 

pH KCl 
(1:5) 

Sand  
% 

Silt  
% 

Clay  
% 

Topsoil 21.1 44 5.16 4.30 18.4 31.9 49.6 

Ap 0-20 cm 20.9 45 5.60 4.38 17.9 25.8 56.3 

AB 20-36 cm 20.8 38 5.46 4.19 18.6 28.3 53.1 

BA 36-55 cm 18.5 61 5.82 4.88 18.7 26.5 54.9 

Bt1 55-95 cm 14.1 69 6.19 5.24 16.0 23.1 61.0 

Bt2 95-131 cm 14.4 58 6.34 5.26 13.6 19.5 66.9 

 

Results of the physico-chemical analyses of the soil at the different farms are shown in Table 

3.3. The textural class at the farms of Musundi, Perez, Caipa and Rogers is sandy clay loam, 

while the textural class at the farm of Kahi is sandy loam (Table 3.4). The soils are 

moderately acid and N, P and K are deficient. However, the soil at Caipa is only deficient in 

N whereas the soil at Kahi is only deficient in N and K. The total organic C is low, therefore 

soil organic matter should be improved, except for the soil at Caipa which has a moderately 

total organic C content. The soil at Musundi and Rogers has a low Zn content compared to 
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the other farms. The soil at the farms of Perez, Kahi and Rogers is deficient in Ca and the 

soil at Perez is also deficient in Mg.  

Table 3.3 Physico-chemical data of the soil at the farms before planting the maize 

Parameter Musundi Perez Caipa Kahi Rogers 

pHw (1:1) 5.83 5.34 5.85 5.69 5.45 

Total N (%) 0.11 0.10 0.15 0.13 0.10 

Total Org. C (%)  1.04 0.96 1.45 1.29 0.96 

P (ppm) 15 25 35 45 10 

K (cmol(+)/kg) 0.14 0.14 0.30 0.20 0.18 

Ca (cmol(+)/kg) 2.00 1.50 2.00 1.50 1.30 

Mg (cmol(+)/kg) 1.64 0.58 2.56 2.63 1.86 

Mn (cmol(+)/kg) 0.37 0.49 0.69 0.41 0.49 

Cu (mg/kg) 2.98 2.59 2.77 4.45 2.61 

Fe (mg/kg) 68.20 22.80 20.80 36.60 15.10 

Zn (mg/kg) 2.48 2.05 14.00 9.28 1.95 

Na (cmol(+)/kg) 0.18 0.16 0.16 0.14 0.16 

 

Table 3.4 Soil texture at the farms 

Texture Musundi Perez Caipa Kahi Rogers 

Sand % 63 67 61 73 63 

Clay % 25 23 25 17 25 

Silt % 12 10 14 10 12 

 

3.1.2 Characterization of the compost  

Results of the chemical analyses of the composts are shown in Table 3.5. The compost of 

Musundi (CF4) has the highest N and P content as compared to the other composts. 

However, the compost of Perez (CF3) has similar amounts of P and the compost of Kahi 

(CF1) has also a higher N content as compared to the other composts. The compost of Kahi 

has the highest amounts of micronutrients (Fe, Cu, Mn and Zn), only the compost of Caipa 

(CF2) has a higher Fe content. The compost of Kahi also has the highest amounts of K and 

Ca. Both compost of Perez and Rogers are low in nutrients, especially their Ca, Mg, Cu, Mn 

and Zn content. The compost of Perez has the lowest K and Ca content. The Mg content of 

all composts is rather low as compared to farm yard manure. 
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Table 3.5 Chemical characteristics of the compost from the farms 

Parameter CF4 CF3 CF2 CF1 CF5 

N (%) 2.80 1.75 1.40 2.10 1.40 

P (%) 0.44 0.43 0.32 0.38 0.36 

K (%) 0.61 0.25 1.13 1.23 0.51 

Ca (%) 0.59 0.15 1.41 2.19 0.19 

Mg (%) 0.05 0.03 0.04 0.17 0.03 

Fe (mg/kg) 477 215 1670 1132 628 

Cu (mg/kg) 6.0 2.3 4.3 19.8 3.7 

Mn (mg/kg) 261 142 234 880 181 

Zn (mg/kg) 31.3 20.3 23.7 98.3 21.2 

 

3.1.3 Effect of compost on soil properties 

Table 3.6 shows the effect of compost on topsoil bulk density and pH. Due the absence of 

the Kopecky rings at the start of the project, there are no results of bulk density before 

planting. The soil of the five farms was analyzed at KARI, where a different soil/water ratio 

was used to determine soil pH than at MMUST. Therefore, no conclusions can be found 

whether compost decreased the bulk density or increased the pH. Results of the pH at the 

farms analyzed at KARI are shown in Table 3.7. The bulk density On-station is lower than on 

the farms due the better texture of a Nitisol and the compaction of the soil at the farms.  

Table 3.6 Effect of compost on topsoil (0–20 cm) bulk density and pH  

Site Bulk density 
(g/cm³) 

pHw  
(1:5) 

pHw  
(1:2.5) 

pH KCl 
(1:5) 

On-station 1.15 5.06 4.89 4.28 

Musundi 1.44 4.78 4.81 4.17 

Perez 1.51 5.05 5.32 4.29 

Caipa 1.48 5.28 5.27 4.45 

Kahi 1.45 5.52 5.47 5.03 

Rogers 1.46 5.15 5.17 4.32 

 

The effects of compost and inorganic fertilizer on the chemical properties of the soil On-

station are shown in Table 3.7 and 3.8. After harvesting, no significant difference in 

exchangeable acidity, total N and total organic C was observed between the different 

fertilizer treatments. However, exchangeable acidity decreased slightly in soil treated with 

compost and DAP as compared to the control (NON). Total N and organic C increased in all 

compost treatments as compared to the control. The compost of Rogers (CF5) gave the 

highest increase in total N and organic C with respectively 0.21% and 2.06% as compared to 

the control with 0.18% and 1.78%.  
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Furthermore, the nutrient content of P, K, Ca, Mg and Na increased in soil treated with 

compost as compared to the control, although this increase was not significant. The DAP 

treatment slightly decreased the topsoil K content from 0.21 cmol(+)/kg to 0.19 cmol(+)/kg 

and also decreased the Mn, Cu and Fe content of the topsoil as compared to the control. The 

nutrient content of P, K, Mn, Cu and Fe in the topsoil were the highest for the compost of 

Rogers. The Mg and Na content were the highest for the compost of Caipa (CF2) and the Ca 

content was the highest for the compost of Musundi (CF4).  

Soil pH and Zn content were significantly influenced by the application of compost, although 

the increase in soil pH was small from 4.92 to 5.24. The compost of Musundi gave the 

highest soil pH, but there was no significant difference between CF4, CF3 and CF5. The Zn 

content increased from 4.87 mg/kg to 9.07 mg/kg and was the highest in soil treated with 

CF5. Soil pH and Zn content increased slightly in soil treated with DAP, although no 

significant difference was observed between DAP and the control.  
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Table 3.7 Effect of fertilizer treatments on topsoil (0–20 cm) chemical properties after harvesting the beans
a
 

Treatment Soil pH 
(1/1) 

Exchangable 
acidity 
cmol(+)/kg 

Total N 
% 

Total Organic C  
% 

P  
mg/kg 

K 
cmol(+)/kg 

CF1 5.06±0.07
A
 0.37±0.15 0.19±0.02 1.84±0.23 23.33±2.87 0.27±0.06 

CF2 5.12±0.03
AB

 0.27±0.06 0.20±0.01 1.97±0.09 23.33±2.87 0.31±0.06 

CF3 5.19±0.05
BC

 0.27±0.06 0.20±0.01 1.90±0.02 26.67±5.77 0.30±0.05 

CF4 5.24±0.07
CD 0.20±0.14 0.20±0.01 1.90±0.10 22.50±3.54 0.28±0.08 

CF5 5.21±0.20
ABCDE

 0.33±0.15 0.21±0.02 2.06±0.16 31.67±5.77 0.35±0.05 

DAP 4.97±0.10
AEF

 0.30±0.17 0.18±0.01 1.74±0.10 26.67±7.64 0.19±0.06 

NON 4.92±0.07
EF

 0.47±0.06 0.18±0.01 1.78±0.06 21.67±2.89 0.21±0.05 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.8 Effect of fertilizer treatments on topsoil (0–20 cm) chemical properties after harvesting the beans
a
 

Treatment Ca 
cmol(+)/kg 

Mg  
cmol(+)/kg 

Mn  
cmol(+)/kg 

Cu  
mg/kg 

Fe  
mg/kg 

Zn  
mg/kg 

Na  
cmol(+)/kg 

CF1 1.83±0.29 2.69±0.33 0.89±0.10 2.84±2.37 28.20±2.86 7.02±0.91
A
 0.19±0.02 

CF2 2.13±0.15 2.89±0.08 0.91±0.09 6.51±0.23 34.13±0.81 6.89±0.40
AB

 0.21±0.01 

CF3 1.80±0.44 2.59±0.29 0.55±0.11 6.87±0.32 32.40±4.37 7.25±0.31
ABC

 0.18±0.02 

CF4 2.17±0.29 2.54±0.49 0.66±0.10 6.86±0.37 28.50±0.57 6.54±0.08
A 0.19±0.01 

CF5 2.03±0.06 2.54±0.65 0.96±0.36 7.36±1.02 34.90±10.59 9.07±3.18
ABC

 0.18±0.02 

DAP 1.87±0.32 2.65±0.26 0.49±0.10 6.13±1.18 23.13±5.44 4.88±0.64
D
 0.19±0.02 

NON 1.73±0.25 2.54±0.25 0.64±0.12 6.73±0.12 26.53±0.50 4.87±0.40
D
 0.17±0.03 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.2 Common Bean 

3.2.1 Germination percentage and development period 

No significant difference was observed between the different fertilizer treatments with respect 

to germination percentage, although the DAP treatment had much lower germination 

percentages compared to the other treatments (Table 3.9). Seeds grown with DAP had the 

lowest germination percentage with an average of 52.5%, while compost treatments and the 

control had an average germination percentage of 95%.  

Germination of the seeds was complete 8 days after sowing with the DAP treatment (Table 

3.9). Therefore, plants grown with DAP took a significantly longer period to germinate than 

the other treatments. Plants grown with CF5 germinated 7 days after sowing and took the 

shortest period to germinate. The formation of the first three leaves occurred first at plants 

grown with CF1 and CF3. However, no significant difference was observed between these 

two treatments. The compost treatments took significantly shorter periods to form the first 

three leaves compared to DAP, although no significant difference was observed between 

CF2, CF4, CF5 and the control.  

Furthermore, no significant difference was observed between the different compost 

treatments with respect to days to flower and pod formation. The different compost 

treatments took a significantly shorter period for flowering and formation of the pods than 

DAP and the control, but no significant difference was observed between these last 

treatments. Moreover, no significant difference was observed between the different compost 

treatments with respect to days to pod ripening. Plants grown with DAP and the control 

required significantly more days to ripen as compared to the different compost treatments. 

Generally, plants grown with DAP took the longest period to develop.  

3.2.2 Plant growth 

Compost treatments influenced significantly the plant growth as compared to the control. 

Plants grown with compost had significantly larger leaves as compared to the control (Table 

3.10). However; no significant difference was observed in leaf size between the different 

compost treatments. Plants grown with CF2 had the largest leaves, with an average leaf 

length of 8.2 cm and an average leaf width of 4.9 cm. Plants grown without fertilizers had the 

smallest leaves, with an average leaf length of 7.2 cm and an average leaf width of 4.0 cm.  

Furthermore, plants grown with compost were significantly taller as compared to plants 

grown with DAP. Plants grown with CF5 were significantly taller than plants grown with CF4. 

No significant difference was observed between plants grown with CF2 and CF4 and the 

control with respect to plant height. The application of CF5 gave the tallest plants with an 

average plant height of 8.5 cm, while plants grown with DAP gave the shortest plants with an 

average plant height of 7.5 cm.  



46 

 

Table 3.9 Effect of fertilizer treatments on germination percentage and development period of beans
a 

Treatment Germination 
percentage 

Germination 
(days) 

First trifoliate 
(days) 

Flowering 
(days) 

Pod formation 
(days) 

Pod ripening 
(days) 

CF1 96.67±2.89 7.4±0.96
A
 15.7±1.24

A
 42.0±0.30

A
 44.5±0.57

A
 74.1±1.74

A
 

CF2 95.83±1.44 7.5±0.97
AB

 16.1±1.41
B
 41.9±0.70

A
 44.6±0.66

A
 73.9±1.60

A
 

CF3 93.33±5.20 7.6±0.98
ABC

 15.7±1.30
A
 42.0±0.13

A
 44.5±0.54

A
 74.1±1.88

A
 

CF4 95.00±6.61 7.5±1.01
ABCD

 16.3±1.50
BC

 42.0±0.09
A
 44.5±0.63

A
 73.9±1.38

A
 

CF5 94.17±5.20 7.0±0.88 16.3±1.51
BCD

 42.1±0.44
A
 44.5±0.67

A
 74.2±1.79

AB
 

DAP 52.5±25.37 8.2±1.28 17.2±0.93 42.3±0.75
B
 44.9±0.56

B
 75.2±1.96

C
 

NON 95.00±8.66 7.5±0.88
ABCD

 16.4±1.44
BCD

 42.3±0.70
B
 45.1±1.05

B
 74.6±1.79

BC
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.10 Effect of fertilizer treatments on plant growth, the amount of flowers and pod count of beans
a 

Treatment Leaf length (cm) Leaf width (cm) Plant height (cm) Flowers per 
plant 

Pods per plant 

CF1 7.7±2.31
A
 4.7±1.31

A
 8.2±1.28

A
 8.3±3.86

A
 14.4±5.57

A
 

CF2 8.2±1.87
A
 4.9±1.09

AB
 8.2±1.11

AB
 7.0±3.65

B
 14.6±5.66

AB
 

CF3 7.8±2.21
A
 4.8±1.18

ABC
 8.1±1.21

ABC
 7.1±3.22

BC
 16.5±5.63

C
 

CF4 7.8±2.07
A
 4.5±1.31

ACD
 8.0±1.19

ABCD
 6.8±3.60

BCD
 13.7±5.27

ABD
 

CF5 7.9±2.02
A
 4.8±1.33

ABCDE
 8.5±1.48

ABC
 7.4±4.42

BCDE
 15.1±5.34

ABCD
 

DAP 7.6±2.23
AB

 4.6±1.52
ABCDE

 7.5±1.07 7.4±4.54
ABCDEF

 20.0±8.02 

NON 7.2±1.34
B
 4.0±0.95 7.9±1.25

BD
 6.1±3.69

DF
 10.6±4.38 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.2.3 Yield  

Plants grown with CF1 produced significantly more flowers than the other compost 

treatments and the control (Table 3.10). However, no significant difference was observed 

between plants grown with CF1 and DAP. Plants grown with CF2, CF3 and CF5 produced 

significantly more flowers than the control. The amount of flowers per plant ranged from 6 

(the control) to 8 (CF1). Plants grown with DAP produced 20.0 pods per plant, while plants 

grown without fertilizers produced 10.6 pods per plant. Plants grown with CF3 produced 

significantly more pods than plants grown with CF1, CF2 and CF4.  

Furthermore, total harvested pods per plant was highest on plants grown with DAP (Table 

3.11). Compost treatments CF2, CF3 and CF5 had significantly more harvested pods than 

plants grown with CF4. Plants grown without fertilizers had significantly less harvested pods 

than the fertilizer treatments, with 9.2 pods compared to 18.0 pods on plants grown with 

DAP. The number of seeds per pod was highest in plants grown with DAP. However, no 

significant difference was observed between the different fertilizer treatments.  

Plants grown with DAP had the highest seed weight with 20.83 g (Table 3.11). The different 

compost treatments gave significantly higher seed weights than the control. Plants grown 

with CF2 and CF3 had significantly higher seed weights than plants grown with CF4. Plants 

grown without fertilizer had an average seed weight of 10.24 g. The highest yield was 

obtained on plants grown with CF2 and CF3, with an average yield of 3.01 t/ha and the 

lowest yield was obtained on plants grown without fertilizers, with an average grain yield of 

1.84 t/ha. However, no significant difference was observed between the different fertilizer 

treatments.  

Table 3.11 Effect of fertilizer treatments on yield determining factors of beans
a 

Treatment Harvested pods 
per plant 

Seeds  
per pod  

Seed weight 
 (g) 

Yield  
(t/ha) 

CF1 13±4.74
A
 3.5±1.14 15.39±5.65

A
 2.89±0.45 

CF2 13.9±5.26
AB

 3.5±1.14 17.04±6.71
AB

 3.01±0.61 

CF3 13.9±5.46
ABC

 3.7±1.13 16.62±6.55
ABC

 3.01±0.61 

CF4 11.9±4.72
A
 3.6±1.17 14.27±6.01

AD
 2.66±0.49 

CF5 14.1±5.16
ABC

 3.7±0.96 16.40±6.54
ABCD

 2.95±0.12 

DAP 18.0±9.08 3.9±1.07 20.83±10.21 1.98±0.74 

NON 9.2±3.86 3.4±1.12 10.24±4.09 1.84±0.27 
a
 ± S.D. Treatments having the same letters within a column are not significantly different with the 

Mann-Whitney U test at P<0.05 
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3.3 Maize 

3.3.1 On-station 

No significant difference was observed between the different treatments with respect to 

germination percentage, days to germination and grain yield. Seeds grown with CF1 and 

CF5 had the lowest germination percentage with an average of 82.05% and 80.77%, while 

the control (NON) had the highest germination percentage with an average of 96.15% (Table 

3.12). Compost treatments took a significantly shorter period to develop than the control and 

DAP. Plants grown with CF1, CF2 and CF3 reached physiological maturity after 110 days, 

while plants grown with CF4 and CF5 reached physiological maturity after 111 days. Plants 

grown with DAP took the longest period to develop and reached physiological maturity after 

115 days.  

Plant growth was determined 20, 34, 48 and 62 days after planting and plant girth was 

determined 61 days after planting. Compost treatments influenced significantly the plant 

growth as compared to the control. Plants grown with CF1 and CF2 were the tallest 20 days 

after planting, with an average plant height of 9.8 cm and 9.6 cm (Table 3.13). Plants grown 

with CF4 were the shortest with an average plant height of 7.0 cm. No significantly difference 

was observed between the compost treatments with respect to the amount of produced 

leaves. Plants grown with CF1, CF2 and CF5 had the largest leaves as compared to the 

other treatments. The same results were observed 34 days after planting (Table 3.14). 

However, no significant difference was observed between plants grown with CF1, CF5 and 

DAP with respect to plant height.  

Plants grown with CF1 and CF5 were the tallest 48 days after planting, but no significant 

difference was observed between these two treatments and plants grown with CF3 and DAP 

(Table 3.15) Plants grown with CF1 and CF3 had the largest leaves. Furthermore, plants 

grown with CF1 were the tallest 62 days after planting with an average plant height of 138.7 

cm (Table 3.16). Plants grown with CF1 had also the largest leaves, with an average leaf 

length of 104.1 cm and an average leaf width of 9.6 cm. Nevertheless, no significant 

difference was observed between CF1, CF3 and CF5 with respect to plant height and leaf 

length. Plant height was also not significantly different with CF1 and DAP treatments. Plants 

grown with DAP produced the highest amounts of leaves with an average of 10.3. No 

significant difference was observed with respect to plant girth between CF1 and CF2 

treatments and between CF4, CF5, DAP and the control (Table 3.17).  

The highest 100 grain weight was obtained on plants grown with CF1, although no significant 

difference was observed between CF1, CF4, DAP and NON+ (Table 3.17). As mentioned 

above, no significant difference was observed between the fertilizer treatments and the 

control with respect to grain yield. The highest grain yield was obtained on plants grown with 

CF1 and DAP, with an average grain yield of 7.11 t/ha and 7.13 t/ha. However, the NON+ 

treatment gave an average grain yield of 7.35 t/ha indicating that topdressing the soil with 

CAN has a positive effect on grain yield. The lowest grain yield was obtained on plants grown 

with CF4, with an average grain yield of 4.72 t/ha. 
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Table 3.12 Effect of fertilizer treatments on germination percentage and development period of maize On-station
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis 
(days) 

Silking 
 (days) 

Earing  
(days) 

Physiological 
maturity(days) 

Scenecence  
(days) 

CF1 82.05±8.00 7.7±0.89 77.7±3.04
A
 84.4±3.66

A
 81.0±3.13

A
 110.1±1.58

A
 123.0±0.00

A
 

CF2 87.18±12.36 7.4±0.74 80.0±4.11
B
 86.9±4.78

B
 83.2±4.08

B
 110.4±2.91

AB
 123.4±1.96

AB
 

CF3 92.31±7.69 7.8±0.71 78.9±3.44
BC

 85.7±4.45
AB

 82.3±3.91
ABC

 110.7±3.90
ABC

 123.8±2.83
BC

 

CF4 87.18±5.88 7.6±0.92 79.6±3.81
BCD

 87.9±4.93
BD

 83.6±4.31
BCD

 111.5±4.37
ABCD

 124.1±3.30
BCD

 

CF5 80.77±15.39 7.6±1.07 79.5±3.80
BCD

 87.5±4.66
BD

 83.7±4.09
ABDE

 111.5±4.49
ABCDE

 123.0±1.88
ABC

 

DAP 91.03±2.22 7.9±1.06 77.2±2.74
A
 84.2±3.70

AC
 91.0±14.38

BDEF
 115.6±7.40

F
 124.3±4.40

BCDF
 

NON 96.15±3.85 7.8±0.78 81.6±4.31 89.9±4.93 85.7±4.65
F
 113.2±5.08

F
 125.1±4.33

DF
 

NON+ No results No results 82.3±3.03 89.5±4.46 85.1±3.33
F
 112.4±4.67

DEF
 124.5±3.83

CDF
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.13 Effect of fertilizer treatments on plant growth of maize On-station 20 days after planting
a 

Treatment Plant height (cm) Leaves Leaf length (cm) Leaf width (cm) 

CF1 9.8±3.19
A
 4.8±0.72

A
 23.9±5.01

A
 1.8±0.45

A
 

CF2 9.6±2.57
AB

 4.8±0.79
AB

 23.2±5.72
AB

 1.9±0.45
AB

 

CF3 8.3±3.71
ABC

 4.9±0.70
ABC

 22.0±5.18
ABC

 1.7±0.33
ABC

 

CF4 7.0±3.89
D
 4.6±0.66

ABD
 21.7±5.25

BCD
 1.7±0.36

ABCD
 

CF5 7.7±3.36
CDE

 4.9±0.70
ABCE

 23.7±5.36
AB

 1.7±0.42
ACDE

 

DAP 7.2±3.46
DEF

 5.0±0.87
ABCE

 22.1±4.76
BCDF

 1.6±0.45
DEF

 

NON 7.1±2.30
DEF

 4.5±0.83
BD

 19.6±5.98
D
 1.5±0.32 

NON+ 8.5±2.57
CDE

 4.3±0.59 21.3±5.92
BCDF

 1.6±0.41
EF

 
a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.14 Effect of fertilizer treatments on plant growth of maize On-station 34 days after planting
a 

Treatment Plant height (cm) Leaves Leaf length (cm) Leaf width (cm) 

CF1 24.3±5.03
A
 6.1±1.01

A
 51.8±8.40

A
 4.5±0.64

A
 

CF2 22.4±5.34
B
 5.5±0.86 47.0±8.98

B
 4.1±0.88

B
 

CF3 23.6±4.69
ABC

 5.9±1.00
AC

 50.7±7.00
A
 4.4±0.76

AC
 

CF4 22.0±5.18
BD

 6.6±1.31
AD

 42.2±11.10
D
 3.5±1.11

D
 

CF5 24.9±5.41
ACE

 6.6±1.59
ADE

 45.6±11.95
BDE

 4.1±1.09
BCE

 

DAP 25.0±5.72
ACE

 7.1±1.85
DE

 41.1±13.08
DF

 3.7±1.24
DF

 

NON 18.4±4.33 6.2±1.22
ACDE

 39.9±10.82
DF

 3.3±0.88
DF

 

NON+ 21.4±5.69
BD

 6.4±1.73
ACDE

 46.4±13.23
ABCE

 3.7±0.97
DEF

 
a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.15 Effect of fertilizer treatments on plant growth of maize On-station 48 days after planting
a
 

Treatment Plant height (cm) Leaves Leaf length (cm) Leaf width (cm) 

CF1 68.2±10.82
A
 9.7±1.67

A
 83.8±9.72

A
 7.2±1.27 

CF2 63.1±11.72
B
 9.4±1.65

AB
 79.2±10.25

B
 6.5±1.14

B
 

CF3 64.5±11.06
ABC

 9.4±1.52
ABC

 80.7±10.65
ABC

 6.8±1.25
BC

 

CF4 59.1±12.31
D
 9.6±1.84

ABCD
 72.3±12.94

D
 5.9±1.26

D
 

CF5 65.8±11.11
ABCE

 10.2±1.46
AE

 78.7±13.49
ABCE

 6.6±1.46
BCE

 

DAP 64.2±12.54
BCE

 10.3±1.90
ADE

 77.0±11.03
BE

 6.2±1.36
BDEF

 

NON 51.2±10.52 9.2±1.66
ABCD

 70.8±11.55
D
 5.3±1.20 

NON+ 56.6±12.15
D
 8.2±1.34 72.2±12.27

D
 5.8±1.21

DF
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.16 Effect of fertilizer treatments on plant growth of maize On-station 62 days after planting
a 

Treatment Plant height (cm) Leaves Leaf length (cm) Leaf width (cm) 

CF1 138.7±17.37
A
 9.9±1.51

A
 104.1±10.89

A
 9.6±1.40

A
 

CF2 135.2±20.16
B
 8.9±2.05

AB
 101.9±10.39

AB
 9.3±1.90

AB
 

CF3 131.4±21.26
ABC

 9.2±1.66
ABC

 99.7±10.76
ABC

 8.8±1.42
C
 

CF4 127.5±21.25
CD

 9.9±1.46
ACD

 97.6±12.90
BCD

 8.1±1.44
D
 

CF5 132.8±21.07
ABCDE

 9.8±2.27
ACDE

 102.9±8.09
ABC

 9.1±1.35
BCE

 

DAP 133.0±23.40
ABCDE

 10.3±1.94
ADE

 97.8±11.30
CDF

 8.6±1.73
CDEF

 

NON 114.3±25.01 8.3±1.96
B
 97.2±11.94

CDF
 10.4±1.91

DF
 

NON+ 117.3±25.06 8.6±2.16
BC

 95.7±12.71
DF

 8.4±1.79
CDF

 
a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.17 Effect of fertilizer treatments on plant girth 60 days after planting, 100 grain weight and grain yield of maize On-station
a 

Treatment Plant girth (cm) 100 grain weight (g) Grain yield (t/ha) 

CF1 9.4±1.26
A
 37.25±9.51

A
 7.11±1.34 

CF2 9.3±1.61A
B
 30.69±7.18

B
 6.70±0.68 

CF3 8.9±1.40
BC

 32.01±9.46
BC

 6.46±0.88 

CF4 8.4±1.42
CD

 35.47±8.32
ACD

 4.72±1.45 

CF5 8.9±1.62
ABCDE

 29.14±5.70
B
 5.40±0.57 

DAP 8.8±1.98
ABCDEF

 35.98±9.10
ADF

 7.13±0.65 

NON 8.5±1.66
CDEF

 30.78±7.62
BCE

 5.59±0.75 

NON+ 8.4±1.65
CDEF

 36.39±7.62
ADF

 7.35±1.10 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.3.2 Musundi 

No significant difference was observed between the different treatments with respect to 

germination percentage and days to germination. Seeds grown with DAP and CF4+DAP had 

the lowest germination percentage with an average of 84.62% and 74.36%, while the 

compost treatment had the highest germination percentage with an average of 92.31% 

(Table 3.18). Fertilizer treatments took a significantly shorter period to develop as compared 

to the control (NON), although no significant difference was observed between CF4, DAP 

and CF4+DAP. Plants grown with DAP and CF4+DAP reached physiological maturity after 

118 days, while plants grown without fertilizers reached physiological maturity after 122 days.  

The application of compost and the combination of compost and inorganic fertilizer 

significantly influenced the plant growth as compared to the control. Plants grown with 

CF4+DAP were significantly the tallest 20 days after planting, with an average plant height of 

8.7 cm (Table 3.19). No significant difference was observed between CF4 and DAP with 

respect to plant height, the amount of produced leaves and leaf width. Plants grown without 

fertilizers had the shortest plants with an average plant height of 3.3 cm. Plants grown with 

CF4+DAP had the largest leaves with an average leaf length of 25.8 cm and an average leaf 

width of 2.3 cm. The same results were observed 34 days after planting (Table 3.19). 

However, no significant difference was observed between plants grown with DAP and 

CF4+DAP with respect to the amount of produced leaves and the leaf length.  

Plants grown with CF4+DAP were also the tallest 48 days after planting (Table 3.20). 

However, no significant difference was observed between plants grown with DAP and 

CF4+DAP with respect to plant height, the amount of produced leaves and leaf width. Plants 

grown with CF4+DAP had the largest leaves. Plants grown with DAP were the tallest 62 days 

after planting with an average plant height of 59.8 cm (Table 3.20). Although, no significant 

difference was observed between plants grown with DAP and CF4+DAP. Plants who were 

topdressed with CAN were the shortest 62 days after planting with an average plant height of 

27.2 cm. No significant difference was observed between plants grown with DAP and 

CF4+DAP with respect to leaf length and leaf width, although both treatments had 

significantly larger leaves than CF4 and the control. Plants grown with CF4+DAP produced 

significantly more leaves than plants grown with CF4 and DAP, and the control. No 

significant difference was observed with respect to plant girth between plants grown with 

DAP and CF4+DAP, both treatments had significantly larger plant girths than CF4, the 

control and NON+ (Table 3.21).  

The highest 100 grain weight was obtained on plants grown with DAP, although no 

significant difference was observed between DAP and CF4+DAP (Table 3.21). The highest 

grain yield was obtained on plants grown with DAP, with an average grain yield of 2.68 t/ha. 

However, no significant difference was observed between plants grown with CF4, DAP and 

CF4+DAP. The lowest grain yield was obtained on plants grown without fertilizers (NON), 

with an average grain yield of 0.26 t/ha. Plants who were topdressed with CAN had 

significantly higher grain yield than the control. 
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Table 3.18 Effect of fertilizer treatments on germination percentage and development period of maize at Musundi
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis  
(days) 

Silking 
(days) 

Earing 
(days) 

Physiological 
maturity(days) 

CF4 92.31±7.69 7.4±0.62 86.2±5.58 95.5±4.59 100.2±4.24 119.4±2.91
A
 

DAP 84.62±7.70 7.5±1.01 83.7±5.47
A
 92.2±5.68

A
 98.0±3.89

A
 118.8±2.96

A
 

CF4+DAP 74.36±14.56 7.9±1.21 81.6±4.85
A
 90.9±5.39

A
 96.2±4.54

A
 118.6±3.58

A
 

NON 91.03±5.87 7.6±0.95 94.1±4.72 98.6±4.89 104.2±5.71 122.5±1.65 

NON+ 91.03±2.22 7.7±1.04 93.6±5.35 99.4±4.32 104.8±5.12 122.6±2.09 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.19 Effect of fertilizer treatments on plant growth of maize at Musundi 20 and 34 days after planting
a 

 20 days after planting 34 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF4 6.2±2.05
A
 4.4±0.79

A
 22.4±8.62 1.8±0.34

A
 14.7±4.56 6.8±0.99 32.8±9.13 2.8±0.59

A
 

DAP 6.8±3.07
A
 4.4±0.82

A
 19.6±7.47 1.8±0.59

A
 19.7±7.25 8.0±1.24

A
 36.3±10.36

A
 3.0±0.89

A
 

CF4+DAP 8.7±3.55 4.9±0.81 25.8±8.31 2.2±0.68 22.6±7.34 8.0±1.51
A
 40.1±11.58

A
 3.4±0.94 

NON 3.3±1.39 3.4±0.65 12.5±3.90 1.4±0.20 8.2±3.98 5.5±0.90 21.7±7.85 2.1±2.71 

NON+ 3.4±1.30 3.4±0.69 13.3±3.96 1.4±0.18 9.5±4.69 5.7±1.14 24.1±12.48 2.1±0.49 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.20 Effect of fertilizer treatments on plant growth of maize at Musundi 48 and 62 days after planting
a 

 48 days after planting 62 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF4 27.0±9.41 8.6±1.52 46.5±9.71 3.6±0.88 41.9±13.08 11.9±1.46 64.6±12.53 5.4±1.06 

DAP 34.7±9.37
A
 9.9±1.78

A
 54.0±11.94 4.4±1.28

A
 59.8±19.45

A
 13.5±1.87 73.0±13.89

A
 7.4±1.84

A
 

CF4+DAP 36.3±10.15
A
 11.7±1.12

A
 58.0±13.96 4.6±1.21

A
 56.9±15.88

A
 14.3±2.05 76.8±13.90

A
 6.4±1.48

A
 

NON 20.0±12.50 7.8±1.28 34.9±10.73 2.8±1.28 33.6±10.76 10.9±1.59 51.8±11.85 4.4±1.15 

NON+ 15.0±6.43 7.4±1.26 31.1±8.75 2.4±0.67 27.2±9.00 10.9±1.49 44.4±13.41 3.8±0.99 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.21 Effect of fertilizer treatments on plant girth 61 days after planting, 100 grain weight and grain yield of maize at Musundi
a 

Treatment Plant girth (cm) 100 grain weight (g) Grain yield (t/ha) 

CF4 5.4±1.01 22.39±9.14
A
 2.17±1.60

A
 

DAP 6.8±1.54
A
 29.57±8.26

B
 2.68±0.25

A
 

CF4+DAP 6.4±1.29
A
 22.39±5.54

ABC
 2.13±0.20

A
 

NON 4.3±1.01 17.42±10.68
ABC

 0.26±0.19 

NON+ 3.9±1.00 20.26±11.46
AC

 1.04±0.58
A
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.3.3 Perez 

No significant difference was observed between CF3, CF3+DAP and the control (NON) with 

respect to germination percentage. Seeds grown with DAP had significantly the lowest 

germination percentage with an average of 74.36%, while the compost treatment had the 

highest germination percentage with an average of 92.31% (Table 3.22). Germination of the 

seeds was complete 7 days after sowing for plants grown without fertilizers and plants who 

were topdressed with CAN, but no significant difference was observed with CF3. Compost 

treatments took a significantly shorter period to develop as compared to the control, although 

no significant difference was observed between CF3 and CF3+DAP. Plants grown with CF3 

and CF3+DAP reached physiological maturity after 119 days, while plants grown without 

fertilizers reached physiological maturity after 122 days.  

The application of compost and the combination of compost and inorganic fertilizer 

significantly influenced the plant growth as compared to the control. Plants grown with 

CF3+DAP were the tallest 20 days after planting, with an average plant height of 10.7 cm 

(Table 3.23). However, no significant difference was observed between CF3, DAP and 

CF3+DAP with respect to plant height and the amount of produced leaves. Plants who were 

topdressed with CAN had the shortest plants with an average plant height of 5.4 cm. Plants 

grown with CF3+DAP had the largest leaves with an average leaf length of 23.2 cm and an 

average leaf width of 1.5 cm, although no significant difference was observed with plants 

grown with CF3. The same results were observed 34 days after planting (Table 3.23). 

However, no significant difference was observed between plants grown with DAP and plants 

grown with CF3+DAP with respect to plant height and the amount of produced leaves. Leaf 

size was significantly larger in CF3+DAP treatments than in CF3 and DAP treatments. 

Plants grown with CF3+DAP were also the tallest 48 days after planting (Table 3.24). 

However, no significant difference was observed between plants grown with DAP and 

CF3+DAP with respect to all plant growth parameters. The same results were observed 

between CF3 and DAP. Plants grown with CF3+DAP had the largest leaves with an average 

leaf length of 53.0 cm and an average leaf width of 3.5 cm. Plants grown with CF3+DAP 

were the tallest 62 days after planting with an average plant height of 59.0 cm (Table 3.25). 

Although, no significant difference was observed between plants grown with DAP and 

CF3+DAP. Plants who were topdressed with CAN were the shortest 62 days after planting 

with an average plant height of 25.1 cm. No significant difference was observed between 

plants grown with CF3, DAP and CF3+DAP with respect to the amount of produced leaves, 

leaf length and leaf width. No significant difference was observed with respect to plant girth 

between plants grown with DAP and CF3+DAP and between plants grown with CF3 and 

DAP (Table 3.25).  

As mentioned before, no results with respect to 100 grain weight and grain yield were 

determined at this farm. At harvest, the owner had already harvested a part of the field 

herself and due to poor field management grain yield was not representative. 
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Table 3.22 Effect of fertilizer treatments on germination percentage and development period of maize at Perez
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis  
(days) 

Silking  
(days) 

Earing  
(days) 

Physiological 
maturity(days) 

CF3 92.31±3.85
A
 7.2±0.61

A
 87.5±7.08

A
 94.3±4.75

A
 99.9±3.28

A
 119.6±2.18

A
 

DAP 74.36±11.10 7.7±1.28
B
 84.3±6.37

AB
 91.7±5.74

AB
 99.2±3.48

AB
 121.5±2.07

B
 

CF3+DAP 87.18±4.44
AB

 7.5±0.92
B
 84.3±6.01

B
 91.9±5.96

BC
 98.4±3.63

ABC
 119.9±2.23

A
 

NON 89.74±2.22
AB

 7.1±0.41
A
 93.2±5.60 94.6±3.88

ABC
 97.6±8.38

ABC
 121.8±2.68

B
 

NON+ 93.59±2.22
AB

 7.1±0.38
A
 91.5±5.87 97.8±3.42 102.2±2.64 122.9±2.43

B
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.23 Effect of fertilizer treatments on plant growth of maize at Perez 20 and 34 days after planting
a 

 20 days after planting 34 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF3 9.0±3.74
A
 4.1±0.80

A
 21.2±5.63

A
 1.4±0.28

A
 14.9±5.30

A
 4.0±1.05

A
 34.9±9.73

A
 2.3±0.76

A
 

DAP 8.8±4.70
A
 4.1±0.83

A
 18.0±7.86

B
 1.3±0.36

B 
17.3±6.75

AB
 4.2±1.42

AB
 35.4±12.98

A
 2.2±0.88

A
 

CF3+DAP 10.7±4.69
A
 4.4±0.97

A
 23.2±9.93

A
 1.5±0.54

A
 19.9±7.79

B
 4.6±1.24

B
 41.9±11.40 2.9±1.02 

NON 5.5±2.71 3.8±0.81
B
 14.3±4.80 1.1±0.17

B
 9.5±3.99 3.1±1.03 23.4±7.15 1.5±0.45 

NON+ 5.4±2.61 3.5±0.59 15.3±4.96
B
 1.1±0.14 9.2±3.51 3.1±0.89 23.3±7.30 1.4±0.39 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.24 Effect of fertilizer treatments on plant growth of maize at Perez 48 days after planting
a 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF3 24.9±9.61
A
 5.5±1.23

A
 47.2±12.71

A
 2.9±0.89

A
 

DAP 28.7±11.60
AB

 5.4±1.62
A
 50.4±16.75

AB
 3.0±1.14

AB
 

CF3+DAP 32.6±13.17
B
 5.5±1.42

A
 53.0±12.29

B
 3.5±1.19

B
 

NON 14.8±5.55 4.1±1.04 32.2±12.00 1.8±0.53 

NON+ 14.2±5.64 4.1±0.98 31.1±9.42 1.7±0.45 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.25 Effect of fertilizer treatments on plant growth and plant girth of maize at Perez 61 and 58 days after planting
a 

Treatment Plant  
height (cm) 

Leaves Leaf  
length (cm) 

Leaf  
width (cm) 

Plant  
girth (cm) 

CF3 48.6±16.07
A
 6.8±1.43

A
 66.4±12.82

A
 4.6±1.08

A
 4.7±1.24

A
 

DAP 54.1±20.53
AB

 7.0±1.90
A
 69.3±16.55

A
 4.7±1.84

A
 5.1±1.42

AB
 

CF3+DAP 59.0±19.44
B
 7.2±1.64

A
 70.0±13.26

A
 4.6±1.38

A
 5.2±1.35

B
 

NON 29.4±13.04 5.3±1.25 48.9±15.11 2.9±1.19 3.3±0.77 

NON+ 25.1±9.94 5.3±1.23 44.8±13.08 2.6±0.92 3.2±0.76 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.3.4 Caipa 

No significant difference was observed between the different treatments with respect to days 

to physiological maturity and leaf length 62 days after planting. Seeds grown with DAP and 

CF2+DAP had the lowest germination percentage with an average of 74.24% and 77.27%, 

while the NON+ treatment had the highest germination percentage with an average of 

92.42% (Table 3.26). However, no significant difference was observed between CF2, DAP 

and CF2+DAP treatments. Germination of the seeds was complete 7 days after sowing for 

plants grown without fertilizers and plants who were topdressed with CAN, but no significant 

difference was observed with CF2. All treatments reached physiological maturity after 119 

days and therefore no differences in development period were observed. 

The application of compost and the combination of compost and inorganic fertilizer 

significantly influenced the plant growth as compared to the control. Plants grown with 

CF2+DAP were the tallest 20 days after planting, with an average plant height of 10.4 cm 

(Table 3.27). However, no significant difference was observed between DAP and CF2+DAP 

with respect to all plant growth parameters. Plants who were topdressed with CAN had the 

shortest plants with an average plant height of 5.9 cm. Plants grown with CF2+DAP had the 

largest leaves. The same results were observed 34 days after planting (Table 3.27). 

However, no significant difference was observed between plants grown with CF2, DAP and 

CF2+DAP with respect to plant height.  

Plants grown with DAP were the tallest 48 days after planting (Table 3.28). However, no 

significant difference was observed between plants grown with DAP and CF2+DAP with 

respect to all plant growth parameters. Plants grown with CF2+DAP had the largest leaves 

with an average leaf length of 58.1 cm and an average leaf width of 4.7 cm. Plants grown 

with DAP were the tallest 62 days after planting with an average plant height of 69.2 cm 

(Table 3.29). Although, no significant difference was observed between plants grown with 

DAP and CF2+DAP. Plants grown without fertilizers were the shortest 62 days after planting 

with an average plant height of 50.2 cm. No significant difference was observed between 

plants grown with CF2, DAP and CF2+DAP with respect to the amount of produced leaves 

and leaf length. No significant difference was observed with respect to plant girth between 

plants grown with DAP and CF2+DAP, although both treatments had significantly larger plant 

girths than the other treatments (Table 3.29).  

As mentioned before, no results with respect to 100 grain weight and grain yield were 

determined at this farm. Due to poor field management, weeds had overgrown the field and 

most of the plants had small cobs which were either eaten by birds or rotten.  
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Table 3.26 Effect of fertilizer treatments on germination percentage and development period of maize at Caipa
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis  
(days) 

Silking  
(days) 

Earing  
(days) 

Physiological 
maturity(days) 

CF2 86.4±7.88
A
 7.3±0.47

A
 82.0±4.18

A
 91.1±4.34

A
 99.4±4.64

A
 119.5±3.03 

DAP 74.2±17.21
AB

 7.9±1.37
B
 78.4±4.15

B
 87.9±5.30

B
 94.8±3.61

B
 118.5±2.32 

CF2+DAP 77.3±9.64
ABC

 7.5±0.99
ABC

 79.2±4.97
B
 88.1±5.74

B
 94.6±4.26

B
 119.2±2.54 

NON 90.9±9.09
AC

 7.2±0.45
AC

 82.5±4.51
A
 91.9±4.37

A
 97.5±4.65

A
 119.9±2.66 

NON+ 92.4±9.46
AC

 7.1±0.35
AB

 84.0±4.16
A
 93.0±4.92

A
 98.6±4.57

A
 119.5±2.52 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.27 Effect of fertilizer treatments on plant growth of maize at Caipa 20 and 34 days after planting
a 

 20 days after planting 34 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF2 8.3±2.22
 

4.5±0.64
A
 19.4±6.17 1.8±0.38

A
 17.3±4.42

A
 6.8±1.21 37.4±8.76 2.9±0.66

AB
 

DAP 9.6±2.42
A
 4.3±0.68

A
 22.5±5.56

A
 1.8±0.38

A
 19.5±6.03

AB
 7.4±1.03

A
 42.9±9.01

A
 2.8±0.67

A
 

CF2+DAP 10.4±3.79
A
 4.6±0.83

A
 24.2±9.63

A
 1.9±0.55

A
 20.6±6.79

B 
7.6±1.35

A
 42.8±13.05

A
 3.1±0.65

B
 

NON 6.5±1.56 4.1±0.40 16.1±4.51 1.6±0.45 14.8±2.64 6.8±0.86
A
 33.9±6.64 2.5±0.50 

NON+ 5.9±1.70 4.1±0.40B 14.0±3.36 1.7±0.66 14.7±3.00 6.8±0.80
A
 31.2±6.92 2.4±0.54 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.28 Effect of fertilizer treatments on plant growth of maize at Caipa 48 days after planting
a 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF2 30.8±11.17
A
 8.8±1.14

A
 49.8±11.95

A
 3.9±1.08

A
 

DAP 37.5±9.53
B
 9.2±1.22

AB
 55.3±11.03

B
 4.5±1.11

B
 

CF2+DAP 35.6±10.89
AB

 9.6±1.45
B
 58.1±10.70

B
 4.7±0.88

B
 

NON 27.6±6.42
A
 8.5±1.06

A
 49.6±8.54

A
 4.0±0.93

A
 

NON+ 30.5±8.49
A
 8.5±1.30

A
 46.3±9.44

A
 3.9±0.91

A
 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.29 Effect of fertilizer treatments on plant growth and plant girth of maize at Caipa 62 and 61 days after planting
a 

Treatment Plant  
height (cm) 

Leaves Leaf  
length (cm) 

Leaf  
width (cm) 

Plant  
girth (cm) 

CF2 57.2±19.03
A 

12.2±1.72
A
 77.7±15.27 5.7±1.30

A
 5.5±1.38 

DAP 69.2±19.02
B
 12.0±1.47

A
 67.5±11.15 6.5±1.19

B
 6.8±1.36

A
 

CF2+DAP 64.6±20.43
AB

 12.6±1.64
A
 71.3±16.95 6.6±1.33

B
 6.9±1.42

A
 

NON 50.2±15.47 12.0±1.48
A
 65.2±15.34 5.6±0.91

A
 6.1±0.95 

NON+ 55.5±13.25
A
 11.4±1.25

B
 72.5±19.99 6.0±1.01

AB
 6.0±1.07 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.3.5 Kahi 

No significant difference was observed between the different treatments with respect to days 

to germination and grain yield. Seeds grown with DAP had the lowest germination 

percentage with an average of 80.00%, while CF1 and the control (NON) had the highest 

germination percentage with an average of 94.44% and 97.78% (Table 3.30). The CF1 

treatment and the control had significantly higher germination percentages than the DAP 

treatment. Fertilizer treatments took a significantly shorter period to develop as compared to 

the control, although no significant difference was observed between CF1, DAP and 

CF1+DAP. Plants grown with CF1, DAP and CF1+DAP reached physiological maturity after 

117 days, while plants grown without fertilizers reached physiological maturity after 121 days.  

The application of compost and the combination of compost and inorganic fertilizer 

significantly influenced the plant growth as compared to the control. Plants grown with 

CF1+DAP were the tallest 20 days after planting, with an average plant height of 15.75 cm 

(Table 3.31). No significant difference was observed between CF1 and DAP with respect to 

plant height, the amount of produced leaves and leaf length. Plants grown without fertilizers 

had the shortest plants with an average plant height of 8.4 cm. Plants grown with CF1+DAP 

had the largest leaves with an average leaf length of 30.6 cm and an average leaf width of 

2.5 cm. The same results were observed 34 days after planting (Table 3.31). However, no 

significant difference was observed between plants grown with CF1 and DAP with respect to 

leaf size in terms of leaf length and leaf width.  

Plants grown with CF1+DAP were also the tallest 48 days after planting (Table 3.32). 

However, no significant difference was observed between plants grown with CF1 and DAP 

with respect to all plant growth parameters. Plants grown with CF1+DAP had significantly the 

largest leaves as compared to the other treatments. Plants grown with CF1+DAP were the 

tallest 62 days after planting with an average plant height of 120.9 cm (Table 3.32). Although, 

no significant difference was observed between plants grown with CF1 and DAP.  

Plants who were topdressed with CAN were the shortest 62 days after planting with an 

average plant height of 75.8 cm. No significant difference was observed between plants 

grown with CF1, DAP and CF1+DAP with respect to leaf size in terms of leaf length and leaf 

width. Overall, plants grown with CF1+DAP had significantly taller plants which produced 

significantly more leaves as compared to CF1, DAP and the control. No significant difference 

was observed with respect to plant girth between plants grown with DAP and CF1+DAP 

(Table 3.33). Although, plants grown with CF1+DAP had significantly larger plant girths than 

plants grown with CF1 and the control.  

The highest 100 grain weight was obtained on plants grown with CF1, although no significant 

difference was observed with the other fertilizer treatments (Table 3.33). The highest grain 

yield was obtained on plants grown with CF1+DAP, with an average grain yield of 3.68 t/ha. 

The lowest grain yield was obtained on plants grown without fertilizers, with an average grain 

yield of 1.58 t/ha. However, no significant difference was observed between the different 

treatments with respect to grain yield.  
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Table 3.30 Effect of fertilizer treatments on germination percentage and development period of maize at Kahi
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis 
(days) 

Silking 
(days) 

Earing 
(days) 

Physiological 
maturity(days) 

CF1 94.44±1.93
A
 7.1±0.50 78.2±4.38

A
 85.0±4.42

A
 93.1±4.38

A
 117.6±3.01

A
 

DAP 80.00±5.77
B
 7.5±1.14 79.0±5.35

A
 85.9±6.36

A
 93.0±4.89

A
 117.3±4.33

A
 

CF1+DAP 90.00±3.33
ABC

 7.2±0.60 77.8±4.48
A
 83.7±4.82

A
 91.8±4.45

A
 117.3±3.78

A
 

NON 97.78±1.92
A
 7.2±0.52 82.2±7.00 90.3±6.08 97.8±4.71 120.9±2.69 

NON+ 94.44±1.93
AC

 7.1±0.33 82.7±4.86 90.9±5.40 98.5±3.55 121.7±2.23 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.31 Effect of fertilizer treatments on plant growth of maize at Kahi 20 and 34 days after planting
a 

 20 days after planting 34 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF1 13.4±3.16
A
 5.1±0.65

A
 22.8±6.26

A
 2.1±0.50 27.6±7.29 8.2±1.16 49.1±11.07

A
 4.0±0.89

A
 

DAP 12.5±4.09
A
 5.0±0.83

A
 24.1±8.96

A
 1.8±0.54 23.4±7.34 8.5±1.42

A
 47.3±13.07

A
 3.7±1.15

A
 

CF1+DAP 15.8±4.06 5.4±0.87 30.6±8.30 2.5±0.63 30.9±8.59 8.8±1.18
A
 57.9±11.15 4.5±0.91 

NON 8.4±3.03 4.2±0.63 17.3±5.71 1.6±0.21 16.1±5.24 7.3±1.27 35.6±9.96 2.8±0.69 

NON+ 8.8±3.57 4.2±0.54 17.8±6.28 1.6±0.27 16.3±5.73 6.8±1.16 35.7±8.66 2.7±0.88 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.32 Effect of fertilizer treatments on plant growth of maize at Kahi 48 and 62 days after planting
a 

 48 days after planting 62 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF1 57.5±18.66
A
 11.4±1.54

A
 71.8±14.97

A
 6.0±1.51

A
 107.7±33.55

A
 14.2±2.41

A
 91.2±19.24

A
 8.7±1.73

A
 

DAP 54.8±20.45
A
 11.6±1.69

AB
 69.2±18.72

A
 5.8±1.71

A
 93.9±37.83

A
 14.4±1.95

A
 100.3±32.84

AB
 8.4±2.13

AB
 

CF1+DAP 69.7±18.46 12.2±1.41
B
 82.6±13.38 6.8±1.37 120.9±31.68 15.6±1.61 102.9±15.79

B
 9.0±1.69

AB
 

NON 40.8±13.87 10.6±1.41 57.2±14.74 4.6±1.31 76.4±25.12 12.7±2.80 79.0±22.67 7.7±1.57
B
 

NON+ 39.5±11.58 10.1±1.36 56.1±13.52 4.2±1.19 75.8±20.34 12.7±1.42 77.0±19.56 6.6±1.24 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.33 Effect of fertilizer treatments on plant girth 59 days after planting, 100 grain weight and grain yield of maize at Kahi
a 

Treatment Plant girth (cm) 100 grain weight (g) Grain yield (t/ha) 

CF1 7.6±1.67
A
 30.32±9.70

A
 3.31±0.57 

DAP 7.9±1.85
AB

 29.64±11.25
A
 2.27±0.52 

CF1+DAP 8.4±1.54
B
 30.27±6.20

AB
 3.68±1.08 

NON 6.5±1.75 22.74±5.75 1.58±0.31 

NON+ 6.0±1.50 34.53±9.75
AB

 1.71±1.14 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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3.3.6 Rogers 

No significant difference was observed between the different treatments with respect to 

germination percentage, 100 grain weight and grain yield. Seeds grown with DAP had the 

lowest germination percentage with an average of 66.67%, while CF5, CF5+DAP and NON+ 

had the highest germination percentage with an average of 91.03% for CF5 and CF5+DAP 

and 94.87% for NON+ (Table 3.34). Compost treatments took a significantly shorter period to 

develop than the control (NON), although no significant difference was observed between 

CF5, DAP and CF5+DAP. Plants treated with DAP reached physiological maturity after 117 

days and plants treated with CF5 and CF5+DAP after 118 days, while plants grown without 

fertilizers reached physiological maturity after 122 days.  

The application of compost and the combination of compost and inorganic fertilizer 

significantly influenced the plant growth as compared to the control. Plants grown with CF5 

were the tallest 20 days after planting, with an average plant height of 11.1 cm but no 

significant difference was observed between CF5 and CF5+DAP (Table 3.35). Plants grown 

without fertilizers and plants who were topdressed with CAN had the shortest plants with an 

average plant height of 7.4 cm. Plants grown with CF5+DAP had the largest leaves with an 

average leaf length of 28.2 cm and an average leaf width of 2.4 cm. Though, no significant 

difference was observed between CF5, DAP and CF5+DAP with respect to leaf length. The 

same results were observed 34 days after planting (Table 3.35). However, no significant 

difference was observed between plants grown with CF5 and DAP+CF5 with respect to all 

plant growth parameters. Plants grown with DAP and CF5+DAP significantly differed in terms 

of plant height and leaf length. 

Plants grown with CF5+DAP were the tallest 48 days after planting (Table 3.36). However, 

no significant difference was observed between plants grown with CF5 and DAP with respect 

to all plant growth parameters. Plants grown with CF5+DAP had significantly larger leaves 

than plants grown with DAP and plants grown without fertilizers. Plants grown with CF5+DAP 

were the tallest 62 days after planting with an average plant height of 91.4 cm (Table 3.36). 

Although, no significant difference was observed between plants grown with DAP and 

CF5+DAP. Plants grown without fertilizers were the smallest 62 days after planting with an 

average plant height of 43.2 cm. No significant difference was observed between plants 

grown with CF5, DAP and CF5+DAP with respect to the amount of produced leaves. Plants 

grown with CF5+DAP had the largest leaves, although no significant difference was 

observed between DAP and CF5+DAP. No significant difference was observed with respect 

to plant girth between plants grown with CF5, DAP and CF5+DAP (Table 3.37).  

The highest 100 grain weight was obtained on plants grown with CF5, although no significant 

difference was observed between the different treatments (Table 3.37). The highest grain 

yield was obtained on plants grown with CF5, with an average grain yield of 2.72 t/ha. The 

lowest grain yield was obtained on plants grown without fertilizers, with an average grain 

yield of 0.66 t/ha. However, no significant difference was observed between the different 

treatments with respect to grain yield.  
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Table 3.34 Effect of fertilizer treatments on germination percentage and development period of maize at Rogers
a 

Treatment Germination 
percentage 

Germination 
(days) 

Anthesis 
(days) 

Silking 
(days) 

Earing 
(days) 

Physiological 
maturity(days) 

CF5 91.03±2.22 6.9±0.80
A
 79.0±4.46

A
 87.6±5.38

A
 94.8±4.39

A
 119.0±4.55

A
 

DAP 66.67±4.44 8.3±1.71
B
 79.5±3.20

A
 88.1±6.51

A
 95.6±4.81

A
 117.2±4.11

A
 

CF5+DAP 91.03±2.22 7.7±0.84
B
 79.6±6.39

A
 85.9±4.69

A
 93.3±3.57 118.4±4.67

A
 

NON 89.74±5.87 6.8±0.70
A
 89.4±6.79 97.9±4.92 102.7±4.51 122.3±4.85 

NON+ 94.87±2.22 6.9±1.06
A
 81.1±4.22

B
 91.7±4.39 98.2±6.14 120.8±3.70 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.35 Effect of fertilizer treatments on plant growth of maize at Rogers 20 and 34 days after planting
a 

 20 days after planting 34 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF5 11.1±2.66
A 

5.2±0.73
A
 27.8±6.79

A
 2.2±0.63

AB
 29.2±7.77

AB
 9.0±0.96

A
 51.6±11.30

AB
 4.8±1.05

A
 

DAP 9.7±3.83 5.2±1.70
AB

 25.8±7.30
A
 2.1±0.65

A
 26.0±9.20

A
 8.8±1.44

A
 48.2±12.35

A
 3.9±1.07

A
 

CF5+DAP 11.0±3.15
A
 4.9±0.74

B
 28.2±8.13

A
 2.4±0.63

B
 31.5±8.08

B
 9.0±1.44

A
 53.5±10.08

B
 4.4±1.26

A
 

NON 7.4±2.08 4.3±0.55 22.2±4.40 1.7±0.35 14.4±4.16 6.7±1.08 34.4±7.69 2.8±0.61 

NON+ 7.4±2.18 4.5±0.60 21.4±6.70 1.7±0.46 19.5±5.21 8.2±1.14 39.7±8.23 3.4±0.62 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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Table 3.36 Effect of fertilizer treatments on plant growth of maize at Rogers 48 and 62 days after planting
a 

 48 days after planting 62 days after planting 

Treatment Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

Plant height 
(cm) 

Leaves Leaf length 
(cm) 

Leaf width 
(cm) 

CF5 56.7±12.40
A
 11.4±1.36

A
 74.7±12.94

AB
 6.3±1.02

A
 80.1±22.66

A
 14.0±1.72

A
 82.6±11.78

A
 6.9±1.19

A
 

DAP 55.7±16.77
A
 11.3±1.43

A
 67.2±18.88

A
 6.1±1.23

A
 83.1±24.79

AB
 13.9±2.10

A
 85.2±15.65

AB
 7.1±1.61

AB
 

CF5+DAP 62.2±17.02 11.4±1.73
A
 75.3±15.87

B
 6.3±1.29

A
 91.4±28.68

B
 14.1±1.81

A
 88.6±13.89

B
 7.4±1.51

B
 

NON 28.2±10.08 9.3±1.66 47.2±11.89 3.7±1.04 43.2±18.35 12.1±1.84 62.4±14.72 4.9±1.31 

NON+ 38.7±9.66 10.8±1.38 56.7±11.09 4.9±0.97 61.7±16.54 13.1±1.37 74.3±19.46 6.0±0.92 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 

Table 3.37 Effect of fertilizer treatments on plant girth 61 days after planting, 100 grain weight and grain yield of maize at Rogers
a 

Treatment Plant girth (cm) 100 grain weight (g) Grain yield (t/ha) 

CF5 6.8±1.16
A
 27.72±4.31 2.72±0.56 

DAP 7.6±2.54
A
 27.20±6.30 1.56±0.75 

CF5+DAP 7.1±1.77
A
 26.03±6.45 2.24±0.92 

NON 4.8±1.32 23.80±9.65 0.66±0.10 

NON+ 6.0±1.02 26.23±5.99 1.88±0.53 

a
 ± S.D. Treatments having the same letters within a column are not significantly different with the Mann-Whitney U test at P<0.05 
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4 Discussion 

4.1 Effect of compost application on soil properties 

Compost application had no significant influence on soil chemical properties. The lack of 

change in soil nutrient content could be attributed to the long term effect of compost 

application. Leroy et al. (2007) mentioned that N mineralization from vegetable, fruit and 

garden compost is very limited in the short term. The residual N effect becomes visible after 

4 to 5 years and repeated application will also improve soil physical properties. In this 

research, soil properties were determined after 5 months of compost application and this 

may be too soon to determine the influence of compost on soil properties. Similarly, Erhart & 

Hartl (2010) and Diacono & Montemurro (2010) both pointed out that only a part of the N and 

P in compost is readily available for plant uptake and a large part needs to be mineralized.  

However, compost application significantly increased the soil pH. This is in agreement with 

Ouédraogo et al. (2000), who reported an increase in soil pH on plots treated with compost. 

The increase in soil pH could be attributed to the reduction of exchangeable Al in the acidic 

soils, which is reflected in this study by the decrease in total exchangeable acidity. On the 

other hand, the levels of exchangeable bases like K, Ca and Mg increased in all compost 

treatments and could also have contributed to the pH increment. Therefore, we may assume 

that if compost is applied over several years the nutrient content in the soil will also increase 

because many nutrients become more available in less acid soils (Alley & Vanlauwe, 2009).  

The type of material used for composting and the rate of application could also have 

influenced the results. No exact amounts of the plant and animal material which were used in 

the composting process were determined. Therefore, no conclusions can be found of which 

plants had the most effect on the nutrient content of the compost. Although, the compost of 

Musundi (CF4) contained adequate amounts of Tithonia diversifolia which is high in N, P and 

K that could possibly have contributed to the high N and P content of the compost (Olabode 

et al., 2007; Jama et al., 2000).  

Further knowledge should be obtained about the plant and animal materials used in the 

composting process in order to determine the influence on compost characterization. Plant 

and animal material should be examined for its nutrient content, because no results were 

found in the literature for most plants. Observations from this study noted the need to apply 

compost over several years in order to determine the effect on soil properties. Many 

researchers have pointed out that there is a diversity in plot management and thus a diversity 

in soil fertility. Therefore, soil samples should have been taken per micro plot before planting 

of both maize and beans at MMUST in order to determine the variability in soil fertility of the 

micro plots. This should also have been done at the farms because results have shown that 

there is a difference in soil fertility between the soil at MMUST and the soil at the farms.  

4.2 Effect of compost application on plant growth and yield of beans 

Beans treated with compost took a shorter period to develop compared to DAP and the 

control. However, no significant difference was observed between the different compost 



68 

 

treatments. The lower germination percentage obtained in plants grown with DAP could be 

attributed to the toxicity of the inorganic fertilizer as reported by Kabir et al. (2010). The high 

osmotic pressure close to the seeds may prevent water uptake and therefore reduce the 

germination percentage. Compost on the other hand contains essential nutrients, like P and 

K which stimulates plant emergence. This confirms earlier findings reported by Naluyange et 

al. (2014) and Fernández-Luqueño et al. (2009). Furthermore, Kabir et al. (2010) also 

pointed out that inorganic fertilizers increase the ammonium and P concentrations near the 

seed, which may suppress early growth and results in a longer development period. 

Previous research by Manivannan et al. (2007) reported a positive effect of vermicompost on 

plant growth of beans. This seemed to be the case in this present study, where plants treated 

with compost were larger in size in terms of leaf length, leaf width and plant height compared 

to the control. However, no significant difference was obtained between the different compost 

treatments. Plants treated with compost produced significantly more flowers than the control, 

although no significant difference was obtained with DAP. This is in agreement with the 

research of Fernández-Luqueño et al. (2009) who reported a higher number of flowers and 

pods per plant on beans treated with vermicompost compared to the control. The number of 

produced flowers is correlated with the number of pods formed per plant. This was not the 

case for plants treated with CF1 that produced the highest number of flowers but not the 

highest number of pods per plant. 

Plants treated with DAP had the highest number of harvested pods, which resulted in the 

highest seed weight per plant but the lowest yield per unit area of the fertilizer treatments. 

This observation confirms the earlier findings reported by Naluyange et al. (2014) who 

mentioned a lower yield in the DAP treatment due the negative effect of the phytotoxicity 

from inorganic fertilizers on the germination percentage. Plants grown with CF2 and CF3 had 

the highest yield with 3.01 t/ha and plants grown with CF4 had the lowest yield of the 

compost treatments with 2.66 t/h. Beans are legumes and can fix N but may benefit from 

small amounts of N at planting, stimulating root growth and nodulation (Alley & Vanlauwe, 

2009). However, the lower yield obtained in plants grown with CF4 could be attributed to the 

high amount of applied N (591.75 kg/ha) which could suppress nodulation and N fixation.  

Although, no differences were observed between the compost treatments with respect to 

plant growth and yield, CF2 and CF3 treatments produced larger plants and higher yields 

compared to the other compost treatments. This could be attributed to the lower amounts of 

applied N, respectively 270.28 kg/ha and 346.89 kg/ha. These amounts have probably 

contributed to the early growth of the plants but have not suppressed nodulation or N fixation.  

However, further knowledge needs to be obtained on the yield of beans treated with DAP if 

the inorganic fertilizer is not applied near the seeds. In this study the germination percentage 

of the DAP treatment was very low compared to the other treatments and could have 

resulted in wrong conclusions. A study is required to determine whether the combined 

application of compost and DAP has also an effect on plant growth and yield of beans as 

observed at the maize experiment. Finally, soil samples per micro plot should have been 
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taken before planting in order to determine whether differences between the treatments with 

respect to plant growth and yield are due differences in fertilizer content or also due 

differences in soil fertility.  

4.3 Effect of compost application on plant growth and grain yield of 

maize 

4.3.1 On-station 

No significant differences were obtained with respect to germination percentage and days to 

germination between the different treatments. Maize treated with compost took a significantly 

shorter period to develop compared to the control and the DAP treatment. As mentioned 

above, compost provides essential nutrients, like P and K which stimulates plant emergence. 

Whereas inorganic fertilizers increase the ammonium and P concentrations around the seed 

and may suppress early growth, as such contributing to the longer development period 

obtained on plants treated with DAP.  

Compost treatments significantly influenced the plant growth compared to the control. This is 

in agreement with Aziz et al. (2010) and Ogbonna et al. (2012), who both reported a 

significantly taller plants and larger leaves with compost application. Plants treated with CF1 

and CF2 were the tallest 62 days after planting and produced the largest leaves compared to 

the other compost treatments. This could be attributed to the high nutrient content, especially 

CF1 which is high in micronutrients. The CF1 treatment had also the most favorable NPK 

application for plant growth, with respectively 285.60 kg N/ha, 51.68 kg P/ha and 167.28 kg 

K/ha. Martin et al. (2006) and Silas et al. (2012) both reported that not only N is important for 

plant growth but also P for the growth of the roots and K for the positive ion balance. Maize 

grown with CF4 had the smallest plants compared to the other compost treatments. Even 

though this compost has a high N content it did not result in larger plants in both beans and 

maize experiments. The nutrients of this compost could have been easily mineralized and 

lost throw leaching. 

The higher 100 grain weight of CF1 and DAP treatments compared to the other treatments, 

could be attributed to the high nutrient content of CF1 and the immediately available nutrients 

in the DAP treatment. The higher 100 grain weight also resulted in higher grain yields, while 

Mugwe et al. (2007) and Mwiti Mutegi et al. (2012) reported that application of sole organic 

materials gave higher yields compared to the recommended inorganic fertilizer. The higher 

grain yield in the NON+ treatment compared to the control (NON) could be attributed to the 

topdressing with CAN (34.53 kg N/ha). Similarly, Vanlauwe & Giller (2006) recommended 

that only less mobile nutrients like P and K should be applied at planting and the majority of 

N as topdressing when plant demand is maximal.  

However, no significant difference in terms of grain yield was observed between the different 

treatments which may be the result of the relatively fertile soil at MMUST. The soil at the 

campus has not been intensively cultivated compared to the soils at the five farms. The 

average grain yield is still below the potential grain yield of the variety H-614-D (8 to 10 t/ha), 
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which could partly be attributed to the loss of plants through the storm and through robbery. 

Although, no difference were observed between the compost treatments with respect to plant 

growth and yield, CF1 gave the best results. Therefore, CF1 compost could be an alternative 

substitute for inorganic fertilizers. 

Observations from this study noted the long development period of the hybrid variety. This 

variety needs 6 to 9 months to mature. Plants grow tall and were more vulnerable to storms 

as observed in this study, where a storm laid down half of the field. Therefore, this variety 

may be less suitable if experiments are to be conducted during both rainy seasons. There is 

also need to investigate the combination of compost and inorganic fertilizers On-station as it 

has shown better results compared to DAP on the farms. However, due to poor field 

management at the farms, data was less complete than at research-managed plots and 

results may be not reliable. As mentioned before, soil samples per micro plot should have 

been taken in order to determine whether differences between the treatments with respect to 

plant growth and yield are due differences in fertilizer content or also due differences in soil 

fertility. 

4.3.2 The farms 

Results of the five farms will be discussed in a general way. Plants treated with compost and 

compost plus DAP took significantly shorter periods to develop compared to the control. 

However, plants treated with DAP took the shortest period to develop at Caipa and Rogers. 

As mentioned above, plants treated with DAP may have lower germination percentages due 

toxicity of the inorganic fertilizers if they are applied near the seeds.  

The combined application of compost and inorganic fertilizers gave significantly taller plants 

compared to the control, although no significant difference was observed between plants 

treated with DAP and compost plus DAP. However, plant growth at the farm of Kahi was 

significantly higher with the combined application of compost and DAP compared to sole 

DAP application. This could be attributed to the higher NPK application of compost plus DAP 

with 161.17 kg N/ha, 59.26 kg P/ha and 86.98 kg K/ha compared to 33.79 kg N/ha and 86.36 

kg P/ha from DAP. The higher plant growth is also a result of the enhanced nutrient use 

efficiency, improved synchronization of nutrient release and uptake by the plant and the more 

balanced supply of nutrients when organic and inorganic fertilizers are combined (Mugwe et 

al., 2009).  

Plants treated with DAP had the highest yield at Musundi, whereas plants treated with 

compost and compost plus DAP had the highest yield at Kahi and Rogers. This confirms 

earlier findings by Mugwe et al. (2009) and Mwiti Mutegi et al. (2012), who reported a higher 

grain yield with the combined application of compost and inorganic fertilizers as compared to 

the recommended rate of inorganic fertilizer. This indicates that the organic materials 

improve the nutrient use efficiency from the inorganic fertilizer. In the long term, organic 

inputs will restore SOM and inorganic fertilizers will increase plant growth and grain yield 

(Vanlauwe & Giller, 2006). Plants who were topdressed with CAN had higher yields than 

plants grown without fertilizers. If farmers cannot afford inorganic fertilizers at planting, they 
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may be able to buy them later and benefit from the higher grain yields obtained with 

topdressing.  

Observations from this study noted the poor field management at the five farms. Grain yield 

could not been determined at two farms due to poor farm management. Farmers should be 

stimulated to maintain their fields, because in this study data was less complete at the farms 

and may have resulted in wrong observations and conclusions. There is also need to 

determine the socio-economic status of the farms as it influences their perception towards 

new agricultural technologies as observed by Gido et al. (2013). Furthermore, soil samples 

per micro plot should have been taken before planting in order to determine the variability in 

soil fertility. Vanlauwe & Giller (2006) and Misiko et al. (2010) pointed out that most of the 

inorganic and organic fertilizers are used on fields near the homestead resulting in spatial 

soil variability.  

4.3.3 Comparison between the different sites 

The development period of the maize plants On-station was shorter compared to the maize 

plants at the farms. Plants grown without fertilizers On-station reached physiological maturity 

after 112 days, while plants grown without fertilizers at the farms reached physiological 

maturity after 122 days. This could be attributed to the more fertile soil at MMUST and the 

lower bulk density compared to the farms. Bulk density is related to the pore space of the 

soil, the root growth and water and air movement within the soil (Erhart & Hartl, 2010). The 

lower bulk density at MMUST has probably contributed to a better root growth of the maize 

plants and a better water supply during the development period.  

Plants grown On-station were taller 62 days after planting as compared to the plants at the 

farms. Plants grown On-station reached a maximum height of 138.7 cm (CF1). The shortest 

plants were observed at Musundi and Perez with a maximum height of 59.8 and 59.0 cm. 

The tallest plants were observed at Kahi with a maximum height of 120.9 cm, while plants at 

Caipa and Rogers had a maximum height of 69.2 cm and 91.4 cm. These differences could 

be attributed to differences in composts, soil fertility and farm management.  

The physico-chemical data of the soils showed that the soil On-station had a higher N, P and 

K content compared to the farm soils, although topsoil P content was higher at Caipa and 

Kahi. For example, total N in topsoil was 0.23% On-station compared to 0.10% at Perez. The 

higher fertile status of the On-station soil could have contributed to the higher plant growth 

obtained on research-managed plots. Furthermore, the N, P and K content of the soil at Kahi 

was higher compared to the other farms which may have resulted in the higher plant growth 

obtained at this farm. Gido et al. (2013) reported that as farmers get older they are eager to 

try new agricultural technologies because they have more years of farming experience. This 

could also have contributed to the better results obtained at the farm of Kahi as she was the 

oldest participant of the experiment. The increased population rate and the replacement of 

traditional systems into continuous cultivation with little or no fertilizer use have led to 

depleted fields with low fertility status (Jama et al., 2000; Tittonell et al., 2005).  
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The higher soil fertility status of the soil On-station could also have contributed to the higher 

grain yields obtained On-station compared to the farms. Plants grown On-station with CF1 

had an average grain yield of 7.11 t/ha while the same treatment on farm gave an average 

grain yield of 3.31 t/ha. These observations agree with those of Mugwe et al. (2009) who 

reported higher grain yields on research-managed plots than on farmer-managed plots. 

Factors that are responsible for this yield gap are: the socioeconomic status of the farm, 

farmers knowledge and management skills and biological factors of the environment (Titonell 

et al., 2008; Papademetriou et al., 2000). Plants grown without fertilizers had an average 

grain yield of less than 2 t/ha on the farms, although the potential is around 5.59 to 7.35 t/ha 

as observed On-station. This confirms the earlier findings by Misiko et al. (2010) and Place et 

al. (2005) who reported that on N, P and K deficient soils average grain yield is less than 1 

t/ha, although the potential is around 5 to 6 t/ha.  
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5 Conclusions and recommendations 

5.1 Conclusions 

Agriculture in Western Kenya is characterized by low productivity due the declining soil 

fertility in this area. Inorganic fertilizers are expensive and farmers cannot afford adequate 

amounts to supply on their fields. Compost is suggested to be an alternative for inorganic 

fertilizers as it is a low cost and environmental friendly way to restore soil fertility. 

Composting is the biological decomposition and stabilization of organic substrates by a 

mixed microbial population. Farmers can use different plant and animal materials within their 

reach. The approach being used in this study is the application of organic fertilizer in order to 

save inorganic fertilizer, improve soil properties and improve plant growth and yield of beans 

and maize.  

Compost application significantly increased soil pH due the reduced exchangeable acidity 

and the increased levels of exchangeable bases like K, Ca and Mg. Compost application 

also increased the nutrient content of P, K, Ca, Mg and Na in the topsoil but this increment 

was not significantly. Due the lack of information on soil properties before planting at 

MMUST, full understanding of the effects of compost on soil properties is inhibited and a 

long-term experiment is necessary. 

At the On-station trial compost application significantly improved plant growth and yield of 

maize and beans compared to the control. In both experiments, compost application resulted 

in a shorter development period and taller plants compared to the control and DAP. 

However, no significant difference in yield was observed between the different treatments in 

both maize and beans experiment. The observed increase in maize and beans yield with 

application of compost compared to the control demonstrates that compost contributes to a 

better crop production. Farmers would therefore benefit of using compost as an alternative 

for the expensive inorganic fertilizers or the use of no inputs.  

At the on farm trials the combined application of compost and inorganic fertilizer significantly 

influenced plant growth and yield compared to the control. No significant difference was 

observed between DAP and compost plus DAP with respect to plant growth, except at the 

farm of Kahi. The combined application of compost and DAP had the highest yield at Kahi 

and Rogers, but no significant difference was observed between the different treatments. 

The higher yield obtained with the combined application of compost and DAP indicates that 

organic materials improve the nutrient use efficiency from inorganic fertilizer and are able to 

improve productivity.  

When the treatment effects on the sites were compared, a gap in terms of plant growth and 

yield was observed. This gap is attributed to the difference in soil fertility between the 

experimental sites. However, lack of information on soil properties analyzed by KARI of the 

site at MMUST inhibits the comparison of the experimental sites. The yield gap between the 

On-station and on farm trials is an indication that there exists a potential of increasing yields 

at farm level through the use of compost. Therefore, further research should determine which 
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factors cause the yield gap as this would help provide recommendations for maximizing 

production. 

This research has indicated that compost or the combined application of compost and 

inorganic fertilizer has beneficial effects on soil properties, plant growth and yield. However, 

further research is necessary to determine the difference in crop yield between the different 

fertilizer treatments. Subsequent research should take field variation into account and have 

detailed information on the nutrient content and quality of the plant and animal materials 

used in the compost process.  

5.2 Recommendations for further study 

One of the questions remaining is how the soil variability of the experimental sites influenced 

the results. Further research should take into account to first determine soil variability by 

taking soil samples per micro plot before planting. Factors that influence soil variability are 

farm management, fertilizer application, environmental factors and the socio-economic status 

of the farmer. Methods of applying fertilizers should also be modified as it has shown 

negative effects on seed germination in this research. Organic and inorganic fertilizers 

should be applied before planting and incorporated in the soil in order to reduce the effects of 

phytotoxicity of the inorganic fertilizers. The maize variety in this study was not suitable as it 

needed 6 to 9 months to mature. This was too long to plant maize in both rain seasons and 

at the farms maize was stolen to roast as it was still green while on other farms maize was 

mature. Therefore, further research should chose a variety with a shorter development 

period.  

Very little research has been done on the socio-economic status of the farmers and their field 

management. This information could have been helpful to understand the yield gap between 

the experimental sites and the participation of the farmers during the project. This research 

has also shown that farmers who are financially dependent on agricultural activities, are 

more eager to participate than farmers who have a second income through other activities 

than farming. The fields of the farmers should be inspected on a regular base whether the 

farmer has weeded, if plants are missing, etc.. This may not solve all the problems which 

were noted at the farms, but it will give results who are more reliable.  

Furthermore, it also important to know the exact amounts of plant and animal material used 

in the composting process. Even though, compost was made on the farms there should have 

been a weighing balance in order to determine exact amounts rather than just estimating. 

Plant and animal material should be analyzed for their nutrient content to know the influence 

on the total nutrient content of the compost, and as such to improve the quality of the 

composts to be used as organic amendment to improve the chemical (and physical) fertility 

of the considered soils. Further research should try to follow the principals of ISFM, where 

compost is supplemented with small amounts of inorganic fertilizer. This will reduce the cost 

of inorganic fertilizer and improve soil fertility. 
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Appendices 
Table A1 Results of Kruskal-Wallis test on soil properties after harvesting the beans 

 Chi-
square 

df Asymp. 
Sig. 

Soil pH 14.297 6 0.026 

Exchangable acidity (cmol(+)/kg) 6.35 6 0.385 

Total N (%) 10.526 6 0.104 

Total Organic C (%)  11.725 6 0.068 

P (ppm) 6.377 6 0.382 

K (cmol(+)/kg) 10.617 6 0.101 

Ca (cmol(+)/kg) 6.343 6 0.386 

Mg (cmol(+)/kg) 3.626 6 0.727 

Mn (cmol(+)/kg) 12.286 6 0.056 

Cu (ppm) 10.061 6 0.122 

Fe (ppm) 11.05 6 0.087 

Zn (ppm) 15.965 6 0.014 

Na (cmol(+)/kg) 5.644 6 0.464 

 

Table A2 Results of Kruskal-Wallis test on plant growth and yield of beans 

 Chi-square df Asymp. 
Sig. 

Germination percentage 8.343 6 0.214 

Emergence (days) 53.609 6 0.000 

First trifoliate (days) 85. 276 6 0.000 

Flowering (days) 68.325 6 0.000 

Pod formation (days) 65. 919 6 0.000 

Pod ripening (days) 27.483 6 0.000 

Leaf length (cm) 29.414 6 0.000 

Leaf width (cm) 48.853 6 0.000 

Plant height (cm) 34.535 6 0.000 

Flowers per plant 23.572 6 0.001 

Pods per plant 93.227 6 0.000 

Harvested pods per plant 92.615 6 0.000 

Seeds per pod  8.188 6 0.225 

Seed weight (g) 107.461 6 0.000 

Yield (t/ha) 10.996 6 0.089 
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Table A3 Results of Kruskal-Wallis test on plant growth and grain yield of maize On-station 

 Chi-square df Asymp. Sig. 

Germination percentage 6.952 6 0.325 

Germination (days) 11.554 6 0.073 

Anthesis (days) 101.513 7 0.000 

Silking (days) 87.912 7 0.000 

Earing (days) 54.298 7 0.000 

Physiological maturity(days) 35.424 7 0.000 

Scenecence (days) 24.181 7 0.001 

Plant height - 20 dap
a
 (cm) 45.347 7 0.000 

Leaves - 20 dap 41.487 7 0.000 

Leaf length - 20 dap (cm) 26.162 7 0.000 

Leaf width - 20 dap (cm) 59.254 7 0.000 

Plant height - 34 dap (cm) 79.805 7 0.000 

Leaves  - 34 dap 44.447 7 0.000 

Leaf length - 34 dap (cm) 64.300 7 0.000 

Leaf width - 34 dap (cm) 82.047 7 0.000 

Plant height - 48 dap (cm) 91.571 7 0.000 

Leaves - 48 dap 63.281 7 0.000 

Leaf length - 48 dap (cm) 68.061 7 0.000 

Leaf width - 48 dap (cm) 92.530 7 0.000 

Plant height - 62 dap (cm) 63.719 7 0.000 

Leaves - 62 dap 52.266 7 0.000 

Leaf length - 62 dap (cm) 26.689 7 0.000 

Leaf width - 62 dap (cm) 50.503 7 0.000 

Plant girth - 60 dap (cm) 29.336 7 0.000 

100 grain weight (g) 53.943 7 0.000 

Grain yield (t/ha) 13.560 7 0.060 

a days after planting 
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Table A4 Results of Kruskal-Wallis test on plant growth and grain yield of maize at Musundi 

 Chi-square df Asymp. Sig. 

Germination percentage 6.604 4 0.158 

Germination (days) 7.495 4 0.112 

Anthesis (days) 139.551 4 0.000 

Silking (days) 52.887 4 0.000 

Earing (days) 55.745 4 0.000 

Physiological maturity(days) 35.658 4 0.000 

Plant height - 20 dap
a
 (cm) 165.749 4 0.000 

Leaves - 20 dap 131.284 4 0.000 

Leaf length - 20 dap (cm) 142.480 4 0.000 

Leaf width - 20 dap (cm) 109.962 4 0.000 

Plant height - 34 dap (cm) 172.453 4 0.000 

Leaves - 34 dap 149.864 4 0.000 

Leaf length - 34 dap (cm) 115.840 4 0.000 

Leaf width - 34 dap (cm) 137.584 4 0.000 

Plant height - 48 dap (cm) 148.936 4 0.000 

Leaves - 48 dap 122.852 4 0.000 

Leaf length - 48 dap (cm) 148.976 4 0.000 

Leaf width - 48 dap (cm) 130.363 4 0.000 

Plant height - 62 dap (cm) 140.873 4 0.000 

Leaves - 62 dap 107.747 4 0.000 

Leaf length - 62 dap (cm) 138.835 4 0.000 

Leaf width - 62 dap (cm) 123.133 4 0.000 

Plant girth - 61 dap (cm) 153.438 4 0.000 

100 grain weight (g) 11.479 4 0.022 

Grain yield (t/ha) 10.833 4 0.029 

a days after planting 
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Table A5 Results of Kruskal-Wallis test on plant growth and grain yield of maize at Perez 

 Chi-square df Asymp. Sig. 

Germination percentage 9.972 4 0.041 

Germination (days) 30.285 4 0.000 

Anthesis (days) 63.524 4 0.000 

Silking (days) 17.916 4 0.000 

Earing (days) 14.518 4 0.000 

Physiological maturity(days) 20.025 4 0.000 

Plant height - 20 dap
a
 (cm) 71.177 4 0.000 

Leaves - 20 dap 35.202 4 0.000 

Leaf length - 20 dap (cm) 63.699 4 0.000 

Leaf width - 20 dap (cm) 66.849 4 0.000 

Plant height - 34 dap (cm) 119.281 4 0.000 

Leaves - 34 dap 68.872 4 0.000 

Leaf length - 34 dap (cm) 116.654 4 0.000 

Leaf width - 34 dap (cm) 119.305 4 0.000 

Plant height - 48 dap (cm) 129.058 4 0.000 

Leaves - 48 dap 70.313 4 0.000 

Leaf length - 48 dap (cm) 111.011 4 0.000 

Leaf width - 48 dap (cm) 133.797 4 0.000 

Plant height - 61 dap (cm) 136.720 4 0.000 

Leaves - 61 dap 74.943 4 0.000 

Leaf length - 61 dap (cm) 107.622 4 0.000 

Leaf width - 61 dap (cm) 115.731 4 0.000 

Plant girth - 58 dap (cm) 116.133 4 0.000 

a days after planting 
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Table A6 Results of Kruskal-Wallis test on plant growth and grain yield of maize at Caipa 

 Chi-square df Asymp. Sig. 

Germination percentage 5.434 4 0.001 

Germination (days) 19.638 4 0.001 

Anthesis (days) 40.953 4 0.000 

Silking (days) 29.596 4 0.000 

Earing (days) 35.725 4 0.000 

Physiological maturity(days) 3.216 4 0.522 

Plant height - 20 dap
a
 (cm) 95.864 4 0.000 

Leaves - 20 dap 21.751 4 0.000 

Leaf length - 20 dap (cm) 81.188 4 0.000 

Leaf width - 20 dap (cm) 20.988 4 0.000 

Plant height - 34 dap (cm) 47.984 4 0.000 

Leaves - 34 dap 21.183 4 0.000 

Leaf length - 34 dap (cm) 57.078 4 0.000 

Leaf width - 34 dap (cm) 37.034 4 0.000 

Plant height - 48 dap (cm) 31.116 4 0.000 

Leaves - 48 dap 23.729 4 0.000 

Leaf length - 48 dap (cm) 31.044 4 0.000 

Leaf width - 48 dap (cm) 25.246 4 0.000 

Plant height - 62 dap (cm) 30.073 4 0.000 

Leaves - 62 dap 14.345 4 0.006 

Leaf length - 62 dap (cm) 6.128 4 0.190 

Leaf width - 62 dap (cm) 31.557 4 0.000 

Plant girth - 61 dap (cm) 30.024 4 0.000 

a days after planting 
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Table A7 Results of Kruskal-Wallis test on plant growth and grain yield of maize at Kahi 

 Chi-square df Asymp. Sig. 

Germination percentage 11.649 4 0.020 

Germination (days) 7.949 4 0.093 

Anthesis (days) 51.503 4 0.000 

Silking (days) 68.921 4 0.000 

Earing (days) 83.629 4 0.000 

Physiological maturity(days) 53.489 4 0.000 

Plant height - 20 dap
a
 (cm) 149.079 4 0.000 

Leaves - 20 dap 126.758 4 0.000 

Leaf length - 20 dap (cm) 117.783 4 0.000 

Leaf width - 20 dap (cm) 117.437 4 0.000 

Plant height - 34 dap (cm) 157.173 4 0.000 

Leaves - 34 dap 93.643 4 0.000 

Leaf length - 34 dap (cm) 140.643 4 0.000 

Leaf width - 34 dap (cm) 147.050 4 0.000 

Plant height - 48 dap (cm) 105.871 4 0.000 

Leaves - 48 dap 78.495 4 0.000 

Leaf length - 48 dap (cm) 110.704 4 0.000 

Leaf width - 48 dap (cm) 112.247 4 0.000 

Plant height - 62 dap (cm) 87.666 4 0.000 

Leaves - 62 dap 84.130 4 0.000 

Leaf length - 62 dap (cm) 74.706 4 0.000 

Leaf width - 62 dap (cm) 67.056 4 0.000 

Plant girth - 59 dap (cm) 75.501 4 0.000 

100 grain weight (g) 27.295 4 0.000 

Grain yield (t/ha) 8.300 4 0.081 

a days after planting 
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Table A8 Results of Kruskal-Wallis test on plant growth and grain yield of maize at Rogers 

 Chi-square df Asymp. Sig. 

Germination percentage 9.281 4 0.054 

Germination (days) 82.717 4 0.000 

Anthesis (days) 97.634 4 0.000 

Silking (days) 92.574 4 0.000 

Earing (days) 83.949 4 0.000 

Physiological maturity(days) 28.933 4 0.000 

Plant height - 20 dap
a
 (cm) 96.582 4 0.000 

Leaves - 20 dap 67.512 4 0.000 

Leaf length - 20 dap (cm) 52.535 4 0.000 

Leaf width - 20 dap (cm) 68.802 4 0.000 

Plant height - 34 dap (cm) 152.625 4 0.000 

Leaves - 34 dap 100.641 4 0.000 

Leaf length - 34 dap (cm) 112.877 4 0.000 

Leaf width - 34 dap (cm) 105.533 4 0.000 

Plant height - 48 dap (cm) 147.172 4 0.000 

Leaves - 48 dap 63.817 4 0.000 

Leaf length - 48 dap (cm) 117.286 4 0.000 

Leaf width - 48 dap (cm) 132.306 4 0.000 

Plant height - 62 dap (cm) 111.421 4 0.000 

Leaves - 62 dap 48.409 4 0.000 

Leaf length - 62 dap (cm) 96.759 4 0.000 

Leaf width - 62 dap (cm) 95.982 4 0.000 

Plant girth - 61 dap (cm) 92.724 4 0.000 

100 grain weight (g) 0.642 4 0.958 

Grain yield (t/ha) 7.004 4 0.136 

a days after planting 

 

 


