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ABSTRACT

Maize remains a vital staple in Kenya, providing food for over 90% of the population and
serving as the backbone of both food security and livestock nutrition. Despite its
importance, maize production has declined in recent years, largely due to soil fertility
depletion. This study, therefore, adopts the Integrated Soil Fertility Management (ISFM)
principle of combining inorganic and organic P amendments to improve soil health and
increase maize yields. The study leverages pressmud, a nutrient-rich residue from
sugarcane processing that remains largely untapped in East Africa, despite its potential to
improve soil health. Field trials were set up using a randomized complete block design to
evaluate effect of sole application of pressmud in combination with cattle manure and
reduced doses of P inorganic fertilizers in enhancing soil fertility, maize performance
(grain yield and forage quality) and economic returns in two agro-ecological zones of
western Kenya- Bungoma (LM2) and Kisumu (LM3). Soil samples were collected before
and after the season to monitor changes in pH, organic carbon, nitrogen, phosphorus and
potassium. Agronomic data, including plant growth, grain yield, forage quality and cost-
effectiveness, were also recorded and analyzed using ANOVA. The results showed that
pressmud applied at 30 kg P ha® (PM30) improved soil pH, available phosphorus and
organic carbon, while cattle manure was more effective at boosting nitrogen content. The
combination of 15kg Pha from both organic and inorganic sources (TSP15+PM15 or
TSP15+CM15) consistently resulted in grain yields exceeding 4.4 tons per ha, improved
plant growth, crude protein in fodder and showed superior profitability while forage dry
matter yields peaked under TSP10+PM10+CM10 in Bungoma and TSP22.5+PM7.5 in
Kisumu. While not all treatments enhanced every aspect of forage quality most improved
digestibility and maintained acceptable fiber levels but however, fodder from Bungoma
showed slightly inferior acid detergent fiber (ADF) content. Based on these findings,
farmers in similar regions are encouraged to use PM30 for improving phosphorus
availability or CM30 for boosting nitrogen. To maximize grain yields and profitability,
TSP15+CM15 (75kgTSP+3.06 t per ha of cattle manure) is recommended which also
supports better fodder quality. Further research is needed in other agro-ecological zones
and to better understand the factors behind reduced fodder quality.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the study

Maize is one of the most important staple cereal crops grown by farmers globally. On the
global scale, maize production reached 1,241.6 million metric tons in 2023 (FAOSTAT,
2025). North America, particularly the United States, leads in maize production,
contributing to over 30% of the global output (Purewal et al, 2022). In Africa, maize is a
major cereal crop, with Ethiopia, Nigeria, Egypt and South Africa, being the main
producers (Benjamin et al., 2024)-. In Eastern Africa, maize is extensively cultivated in
Kenya, Uganda, Tanzania, and Ethiopia, serving as a primary staple food for majority of
the region’s population (Were, 2021). Maize remains one of the most important cereal food
crops in Kenya, where it a staple food for over 90% of the population (de Jong, Selten,
Gitata-Kiriga, Peters & Dengerink, 2024). The crop is grown in high-potential areas mainly
by smallholder farmers in the North Rift and parts of Western Kenya (Wanyama, Mighty,
Sim & Kaoti, 2021; de Jong et al., 2024). The average per capita consumption of maize is
estimated at 0.103 t, translating to 36% of the country's calorie intake (Aguk, Onwonga,
Chemining’wa, Jumbo & George, 2021). The crop is also utilised for livestock feed and
fodder, hence supporting the livestock sector in Kenya. Nutritionally, maize grain
comprises 72% starch, 10% protein, 4.8% oil, 8.5% fiber, 3% sugar, and 1% ash (Purewal
et al., 2022), which provides a significant source of energy and protein in livestock feed
formulations (Amanjyoti, Sowdhanya, Rasane, Singh, Ercisli, Verma & Ullah, 2024

(Palamarchuk, Krychkovskyi, & Skakun, 2024). Moreover, maize fodder is a highly



nutritious source of crude protein and digestible dry matter, favorable to ruminant livestock
(Aguk et al., 2021; Rangasami, Purnima, Pushpam & Ajaykumar, 2024). Maize is,
therefore, indispensable for both human and livestock diets in Kenya (Dejene, 2018;

Meenakshi, Sahitya, & Ali, 2024).

In Kenya maize production has fluctuated over the years (Mang’eni, 2022; Shilwatso,
Simiyu, & Rutto, 2024). The estimated average grain yield of maize in Kenya is about 1.6
t/ha, against the potential production of 5.8 t/ha (2021-2023, FAOSTAT 2025), reflecting
a yield gap of more than 4.2 t/ha, which is attributed to food insecurity affecting 34.5 and
28.6% of the inhabitants of Kenya and Eastern Africa and hence, there is need for

intervention to meet the deficit.

Among the factors limiting maize production, the key ones include edaphic factors, pests
and diseases, and low soil fertility (Yokamo, Jiao, Gurmu, Atinafu, Alemu, & Jiang, 2022).
Climate change and land degradation remain major constraints (Saik et al.,2024). The areas
suitable for maize production are under continuous production and hence deteriorate in
terms of soil fertility due to nutrient depletion, potentially explaining the decline observed
in maize production in Kenya up to 2019 (Chen, Li, Zhao, Li, Wei, Ma, & Tan (2024). The
importance of maize for food, feed, and fodder calls for either increasing acreage or
intensifying available production approaches that includes intensified fertilizer application
(Brandt, Yesuf, Herold & Rufino, (2020); Wanyama et al., 2021; Wamalwa, 2024) as an

avenue towards improved production.

Low and declining soil fertility is a key drawback to maize production (Mutuku,

Roobroeck, Vanlauwe, Boeckx, & Cornelis, 2020); Sime, Ballo, Abro, Gugissa, Mendesil,



& Tefera, 2024). Maize grain yields can be increased by between 200-500% when limiting
nutrients are adequately supplied (Edmeades, Bénziger, & Ribaut, 2024). A soil
investigation led by National Accelerated Agricultural Inputs Access Programme
(NAAIAP, 2014), reported that in Kenya, between 88.7%, 71.5%, 62.5% and 19.4% of

farms have low levels of C, N, P and K.

The use of inorganic and organic fertilizer inputs has proved beneficial in providing crops
with the necessary nutrients deficient in the soil as evidenced by the studies done in western
Kenya (Barasa, Ochuodho, Kebeney, & Barasa, 2022) in the recent past. Inorganic
fertilizers are known to support high crop yields (Barasa et al.,2022), but contribute to
enormous soil-related negative effects that include nutrient leaching, water and
environmental pollution, nutrient toxicities to plants, soil acidity that lead to nutrient
unavailability (Mutuku et al., 2020; Radulov, & Berbecea, 2024). Industrial waste products
like pressmud can also lead to environment pollution if not well managed (Lahori, Tunio,
Ahmed, Mierzwa-Hersztek, Vambol, Afzal, & Muhammad, 2024; Sajid, Aslam, Hussain,

Mumtaz, & Kousar, 2024).

In Kenya, pressmud is often disposed of in open dumpsites, contributing to air pollution
and the contamination of ground and surface water (Nyonje, Njogu, & Kinyua, 2014;
Srivastava, & Chakma, 2023). The sugar industry is the main source of pressmud, a by-
product generated during the clarification and filtration of sugarcane juice. Kenya produces
approximately 5.6 million metric tons of sugarcane annually (Statista, 2023), and studies
indicate that pressmud accounts for about 3—4% of the cane processed. This translates to

an estimated 168,000-224,000 tons of pressmud produced each year across the country’s



major sugar mills, including Mumias, Nzoia, Chemelil, South Nyanza, and Transmara

Sugar Companies.

Most of this pressmud remains underutilized and is often discarded near factory premises,
despite its potential as an organic amendment rich in organic carbon, phosphorus, calcium,
and micronutrients. If properly handled, pressmud and other sugar industry waste can serve
as valuable organic fertilizers (Reganold, & Wachter, 2016; Arulazhagan, Muthaiyan,
Murugaiyan, Uthandi, Alagirisamy, & Murugaiyan, 2024). Research findings show that
pressmud and other sugar industry wastes can be used as organic fertilizers (Dotaniya,

Datta, Biswas, & Meena, 2016; Khumla, Solomon, Manimekalai, & Misra, 2024).

Applying well-composted organic waste offers several benefits, such as reducing soil
erosion and runoff, decreasing nitrate leaching, increasing soil carbon, and enhancing
nutrient availability for plants (Szogi, Vanotti, & Ro, 2015; Hiranmai, Neeraj, & Vats,
2024; Seufert, & Ramankutty, 2017). Studies have demonstrated that using animal manure
as the main organic source in agriculture increased biodiversity, improved soil and water
quality, and enhanced profitability and nutritional value of food (Kumar, Ansari,

Choudhary, Ravisankar, Singh, & Mehta, 2024).

Pressmud cake, constituting about 3% of the cane crushed in sugar processing, is a rich
source of organic matter and plant nutrients and can be utilized profitably for crop
production (Palanichamy, Kuppusamy, Suresha, & Prakash, 2024). It is acknowledged as
a valuable organic manure and effective soil amendment (Sajid et al, 2024). Converting
pressmud and other sugarcane processing waste into nutrient-rich organic manures

addresses disposal and pollution problems while providing an alternative for soil



replenishment, potentially reducing fertilizer costs for farmers (Selvamurugan, Doraisamy,

& Maheswari, 2013; Lahori et al., 2024).

Proper soil fertility management is essential for sustainable agriculture, resulting in
increased yields while decreasing environmental and soil degradation (Oldfield, Bradford
& Wood, 2019; Ndegwa, Gichimu, Mugwe, Mucheru-Muna, & Njiru, 2023). Therefore,
research focusing on recycling sugarcane pressmud and blending it with cattle manure
and/or synthetic fertilizers to improve maize yields and soil properties is necessary (Lahori
et al 2024). The aim of this study is to fill the knowledge gap on the effectiveness of
pressmud and cattle manure alone or blended with lower rates of inorganic fertilizer on soil

fertility improvement, growth and yield of food and fodder maize in Western Kenya.

1.2 Statement of the problem

The depletion of soil fertility is a significant factor contributing to the decline of per capita
food production in sub-Saharan Africa (Tefera et al., 2024). Maize yields have been
decreasing over the past decade (Kihara, Bolo, Kinyua, Nyawira, & Sommer, 2020;
Kasera, Osure, Oloo, Odhiambo, Salu, & Oguna, 2024). In Kenya, maize yield averages
1.8 t/ha for smallholder farmers compared to the potential yield of 6.0 t/ha, translating to
over 50% yield gap (Munialo, Dahlin, Onyango, Oluoch-Kosura, Marstorp & Oborn,
2020). This persistent yield gap has significant economic implications, as it directly affects
household incomes, food affordability, and national food security targets. Low yields limit
the profitability of maize farming, reducing farmers’ capacity to invest in soil improvement
practices or purchase quality inputs, thereby perpetuating rural poverty. Low maize grain
and fodder yields are primarily due to several constraints, with low soil fertility resulting

from nutrient depletion, improper management of fertilizers, and climate change effects as



the key contributors (Kugedera & Kokerai, 2024; Sharma, Kumar, Farooq, MeCarty,
Kumar, Sharma, & Mehta, 2024) In Kenya, nutrient deficiencies are the primary reasons
for low and declining maize yields (Kiboi, Ngetich, Mucheru-Muna, Diels, & Mugendi,
2021). Most agricultural soils in western Kenya are highly deficient in phosphorus (P) and
nitrogen (N), which are crucial for optimal maize production (Otieno, 2021; Otieno et al.,
2024). As a remedy the soil fertility problem, many smallholders’ farmers resort to
applying synthetic fertilizers such as diammonium phosphate (DAP) and NPK fertilizers
(Manorama, Behera, & Suresh, 2024; Nasar, Ahmad, Gitari, Tang, Chen, & Zhou, (2024).
However, these inorganic fertilizers often lack secondary nutrients (calcium, magnesium,
and sulfur) and micronutrients like iron, copper, and zinc, which are essential for crop yield
and quality (Dhaliwal, Dubey, Kumar, Toor, Walia, Randhawa, & Shivey, 2024). The
continuous application of certain inorganic fertilizers can lead to increasing soil acidity,
which reduce crop productivity, thereby creating food insecurity (Wato, Negash,
Andualem, & Bitew, 2024; Wang, H., Yang, Yao, Feng, Wang, Kong, & Deng, 2024).
Farmers can apply organic inputs to correct soil fertility. y. Presmud is an abundant organic
resource presenting disposal challenges for the sugar processing industry, and can be used
as an organic manure. However, its use as organic fertiliser has not been assessed for field

crop production in Kenya, and this study will partially fill this knowledge gap.

1.3 Justification of the study

Maize is one of the leading cereal crops relied upon for human food, income, industrial
raw material, and animal feed. Its production and productivity need to be enhanced and
sustained. Maize, the preferred crop for this study, is the staple food and primary animal

feed source in Kenya (Njoroge, Otinga, Okalebo, Pepela, & Merckx, 2018; Vuckovski &



Marina, 2024). Kisumu and Bungoma Counties are important areas for maize production
in Kenya (Njagi, Riungu, Opiyo, Mwadime, & Aloo, 2024; Nzaka, Koech, Bett, & Owuor,
2024). These regions represent medium potential maize production areas, although maize
yields in the two counties have remained below expectations for most of the improved
varieties cultivated there (Kiprop, Kirwa, Ngotho, Mwungu, Wanjau, Otieno & Ghosh,

2024).

Integrated soil fertility management involving the combined use of organic manure and
synthetic fertilizers has proved beneficial in improving maize productivity and produce
quality in many studies compared to the application of manures or synthetic fertilizers
alone (Barasa et al., 2022). Composting of industrial, or domestic solid waste is an effective
strategy for solid waste management that provides opportunities for the conversion and
recycling of organic materials. The organic materials in solid waste are decomposed and
stabilized through composting, and the final compost products can be applied as a fertilizer,

soil conditioner, or organic amendment (Jaffari, Hong & Park, 2024).

To ensure food security, addressing limiting factors contributing to low crop yields is
crucial (Toromade, Soyombo, Kupa, & ljomah, 2024). There is a need to reduce inorganic
fertilizer application to alleviate the negative effects associated with their prolonged use
and high application rates on soil characteristics and crop performance. Organic Manures
are a suitable supplement to inorganic fertilizers and are beneficial for both soil nutrient
and carbon (C) management (Barasa et al., 2022; Wato et al.,2024). However, they are not
readily available in smallholdings. Due to limited supply, most smallholder farmers usually

apply animal and green manure at very low rates, which makes minimal improvement on



soil nutrient levels and crop performance, especially with the prevalent low inorganic

fertilizer application (Kalibata, Thangata, Mutyasira, Nhlengethwa & Chirwa, 2024).

Kenya had 15 sugar milling companies with production capacity of 6 million tones.
Average production of sugarcane in Kenya was 5.262 million per year, pressmud
constitutes 2 to 4% of the weight of sugar cane processed. The 5,262 million can produce
average of 105 to 210 million of pressmud (Mati & Thomas, 2019, Tiema, C., Ochung, A.,
& Omwoma, S. 2021), posing a serious waste management challenge in the absence of
local options for recycling or conversion to useful by-products. Despite its abundant
availability locally and demonstrated potential as a fertilizer elsewhere (Meghana &
Shastri, 2020; Tiema et al 2024), there is limited use of sugarcane pressmud as a manure
in Kenya.

There is a lack of information on the quality and effectiveness of pressmud as a fertilizer
for maize production in Kenya to support its recommendation for bioconversion and
application. Therefore, this study evaluated the potential of sugarcane pressmud as an
alternative organic manure for maize production when applied as the sole nutrient source
or in combination with cattle manure and/or synthetic fertilizers. The ultimate goal is to
sustainably reduce the use of synthetic fertilizers and increase soil organic carbon by
supplementation with organic sources in maize production. Therefore, replenishing soil
nutrients in arable lands where maize is cultivated is required to reverse the decline in

production.



1.4 Objectives

1.4.1 Broad objective
To contribute towards food security through application of affordable alternatives in

managing soil quality for sustainable maize production.

1.4.2 Specific objectives

1. To assess the effect of integrated application of organic amendments and reduced

inorganic fertilizer levels on soil properties.

2. To determine the effect of different organic amendments integrated with different
inorganic fertilizer levels on maize growth and grain yield in lower midland semi-

humid (LM3) and sub-humid (LM2) agro-ecological zones in western Kenya.

3. To evaluate the effect of organic amendments integrated with different inorganic
fertilizer levels on the forage quality of maize in low midland semi-humid (LM3)

and sub-humid (LM2) agro-ecological zones in western Kenya.

4. To assess the economic implication of using pressmud and cattle manure in maize

production

1.5 Hypotheses

1. The soils in Kibos and Bumula are low in soil nutrients and the applied
interventions are capable of supplying and improving the nutrients required for

optimum crop performance.

2. There is increased soil nutrient availability and utilization by the maize crop when

applied in the combined forms that positively impacts the crop performance.
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The applied nutrients in combination improves the nutrients quality of maize forage

and hence their nutritive value.

Pressmud and cattle offer similar economic benefits when used as organic

amendments in maize cultivation.



11

CHAPTER TWO

LITERATURE REVIEW

2.1 Maize utilization and constraints to production

Maize (Zea mays) is one of the most grown and diversified crops in the world. It is used
for various purposes, including food, animal feed, and industrial purposes. However, its

growth is controlled by a series of limitations affecting yield and overall production.

There are many applications for maize, making it a very adaptable crop. Consumed in a
variety of forms, including cornmeal, tortillas, popcorn, Kumar, Panwar, and polenta, it is
an important staple food for human consumption globally (Mandal, Singh, Chaudhary,
Kaur, & Kaushik 2023). It is the main source of protein and energy in cattle feed. The
production of industrial goods such as adhesives, plastics, and biofuels (ethanol) is another
application for it (Vallebueno-Estrada, Herndndez-Robles, Gonzélez-Orozco, LOpez-
Valdivia, Tham, Sanchez, & Montiel, 2023). In both traditional and modern agriculture,

maize plays a vital role that affects economies and food security in several nations.

2.2 Maize production constraints in Kenya-

According to Kipkulei, Bellingrath-Kimura, Lana, Ghazaryan, Baatz, Matavel and Sieber
(2024), maize is a crucial crop that is grown in a variety of agroecological zones, each with
its own special traits and difficulties. According to Abate et al. (2015), these zones span
from lowlands to upper highlands according to Abate et al. (2015) with transitional zones
having the greatest potential for maize production. Among the problems affecting Kenyan
maize production are drought, limited access to improved seeds, and maize lethal necrosis

(MLN) (Gressel, Mbogo, Kanampiu, & Christou., 2024). Other limiting factors that
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significantly impact crop performance and, in turn, yields include weeds, pests, diseases,
and inadequate soil fertility (Wu, Chen, Dou, Liao, Li, An, & Dong., 2024). In the humid
transitional and high tropics, stem borers, foliar and stalk/ear rot diseases, and others cause
significant losses (Hossain, Muthusamy, Bhat, Zunjare, Kumar, Prakash & Mehta., 2022).
Access to credit and financing for small-holder farmers has been found to be a major
obstacle to maize production in all agro-ecological zones (Ogunleye, Akinloye, Kehinde,
Ajayi, & Wongnaa., 2024). Biofertilizers and integrated nutrient management have been
promoted as remedies for soil fertility issues, but farmers have not adopted them
extensively. By enhancing soil nutrient content and microbial activity, these techniques
increase crop growth and resilience against environmental constraints, resulting in higher
and more sustainable crop yields (Mutegi, Hendriks, Jones, Okori, & Siambi, 2015; Xing

etal., 2024).

2.2.1 Soil fertility constraints and their management

Among other things, farmers in western Kenya list decreasing soil fertility as the main
obstacle to maize production, which results in yield losses of 20-80% and, in extreme
situations, total crop failure (Omondi, Aila, Ombok, Obange & Dida., 2024). Crop
productivity is severely hampered by declining soil fertility, especially due to deficiencies
in phosphorus (P) and nitrogen (N). Soil degradation is a result of ongoing cereal
monoculture and insufficient nutrient replenishment (Musa, Samuel, Adams, Abdulsalam,
Nathaniel, Maude, & Tiamiyu, 2024). Maize yields can be considerably increased by
increasing soil organic carbon and improving soil fertility through integrated nutrient
management (Vanlauwe, Bationo, Chianu, Giller, Merckx, Mokwunye, & Sanginga, 2006;

Kigara, Mugo, & Wekesa, 2016; Wang et al., 2024). More sustainable maize production
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results from these techniques, which also increase soil organic matter, decrease erosion,

and improve water retention (Fidelis, de Figueiredo, Oliveira, da Silva, & Pereira, 2020).

Research indicates that combining organic and inorganic fertilizers can significantly
improve maize yields and soil health (Imran, 2024). The use of locally available organic
materials, such as compost and manure, can provide a cost-effective solution for

smallholder farmers (Ayinde et al., 2016).

2.2.2 Use of inorganic fertilizers in managing soil fertility

The use of fertilizers has significantly boosted crop production, meeting the food supply
needs of the growing human population (Penuelas, Coello, & Sardans, 2023). However,
agricultural intensification, which involves the use of fossil fuels for machinery, chemical
pesticides, herbicides, synthetic fertilizers, and other agro-chemicals is harmful to the agro-
ecosystem health and balance, interfering with its proper function (Sarkar, Jaswal & Singh,

2024; Padmavathy & Poyyamoli, 2011; Hermani, 2020).

The use of mineral fertilizers by smallholder farmers in Sub- Saharan Africa is essential
towards improving crop production, however; several studies shown that the application of
NPK fertilizer without amendments among smallholder farmers in Western Kenya, has
contributed to low soil productivity (Balah, Thomas & Ogallo, 2024; Barasa et al., 2022,
Otieno, 2024). The resultant low crop yields are likely to lead to reduced farmer’s income
and food insecurity in the region. (Roobroeck, Palm, Nziguheba, Weil, & Vanlauwe, 2021).
Sai and Paswan, 2024 confirmed that applying NPK fertilizer application at the

recommended rate does not lead to significant yield increases.
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The use of synthetic and organic fertilizers has become indispensable in agriculture,
enhancing the supply of essential nutrients that support plant growth, (Imran, 2024). The
rapid increase in the global human population has prompted a tremendous rise in the
demand for food (Fréna, Szenderdk & Harangi-Rakos, 2019; Ghosh, Kumar & Biswas,
2024). Statistics indicate that 40 to 60 percent of crops are cultivated using various types
of fertilizers to improve nutrition and crop performance (Chen, Luo, Li, Zhang, Peng &
Wang 2018; Ludemann, Wanner, Chivenge, Dobermann, Einarsson, Grassini & Tubiello,
2024). Over 50 percent of the human population relies on crops fertilized with synthetic
fertilizers for their food supply (Crews, & Peoples, 2004; Penuelas et al., 2023). While this
meets the food supply demand, the long-term detrimental effects of intensive synthetic

fertilizer application are often overlooked (Govil, Long, Escriba-Gelonch & Hessel, 2024).

Excessive use of synthetic fertilizers can alter soil fertility by increasing its acidity (Qiao,
Miao, Han, Li, Jiang & Zhao, 2018; Pahalvi, Rafiya, Rashid, Nisar & Kamili, 2021;
Teketel, 2024). To mitigate this, soil testing every three years is recommended to monitor
nutrient needs and ensure the correct amount and type of fertilizers are applied (Penuelas
et al., 2023).Synthetic fertilizers not only alter pH levels but also in high or continuous
doses diversity drops, beneficial communities weaken, soil health declines (Aguilera,

Lassaletta, Gattinger, & Gimeno, 2013; Wei, Xie, Wan, Song, Zhong, Xin & Song, 2024).

Nitrogen and other chemicals in fertilizers can contaminate ground and surface water,
leading to health concerns (Nath, Bhuyan, Gogoi, & Deka, 2023). Health hazards
associated with exposure to air, water, or food contaminated with fertilizers include heart
disease, thyroid disorders, hypertension, respiratory conditions, and cancers (Mahurpawar,

2015; Ahmed, Mehmood, & Imran, 2017; Penumantra, Shirbhate, Tiwari, & Narkhede,


https://scholar.google.com/citations?user=7uwY4MgAAAAJ&hl=en&oi=sra
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2024). While fertilizers contribute to high food security, their continued application has
serious environmental and health implications (Penuelas et al., 2023). Despite these
dangers, synthetic fertilizers remain indispensable in modern agriculture due to their role
such as providing nutrients readily available to plant use, this improves plant growth and
production increase, farmers can manage amount and timing according to the plant they
are targeting, farmers can correct deficiency of the soil and choose the nutrient to apply, in
case of poor soil by using inorganic you can restore yield very fast while organic still

buildup.

2.2.3 The use of organic amendments in managing soil fertility

Organic amendments improve soil structure and increase soil organic carbon content,
thereby enhancing the soil's ability to retain nutrients and moisture. This, in turn, promotes
plant growth, health, and productivity. Additionally, organic soil amendments like compost
and animal manure can immobilize potentially toxic elements from the soil (Ahmad, Lee,
Lee, Al-Wabel, Tsang & Ok, 2017; Ghani, Nawab, Khan, Khan, Ahmad, Ali, & Dinelli,
2024). Pressmud, a plentiful industrial waste in Kenya, could be used as compost to

supplement synthetic fertilizers in the cultivation of maize for improved yield.

Exploiting the use of pressmud as an organic fertilizer input provides an avenue for waste
recycling for a cleaner environment and resource utilization to replenish soil organic matter
with the benefit of improving maize yields towards sustainable agriculture. Recycling
organic waste as a crop fertilizer as opposed to its disposal in landfills would reduce
greenhouse gas emissions as noted by Kiehbadroudinezhad, Merabet & Hosseinzadeh-
Bandbafha (2024) who indicated that it helps reduce air and soil pollution that contributes

to clean environment. Organic manure provides crops with the essential macro and
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micronutrients necessary for healthy growth as pointed out in the study by Emendu,
Chinweuba & Chinedu (2021) and Dhaliwal et al. (2024) and beyond nutrient supply, it
also improves the soil’s physical, chemical and biological qualities enhancing its structure
and texture (Singh, Malhi, Kaur, Singh & Jatav, 2022). By stimulating biological activity
organic manure helps release nutrients deeper in the soil and reduces moisture loss through
evaporation (Miller, 2000; Jiang, Dong, Bian, Zhang & Wang, 2024) with among the
various ways to use organic matter for soil enrichment being composting which is
considered the most effective as acknowledged by a research study by Manea, Bumbac,
Dinu, Bumbac & Nicolescu (2024). Compost is produced through the controlled aerobic
decomposition of organic residues such as yard waste, kitchen scraps and crop residues
resulting in a humus-like nutrient-rich product teeming with beneficial microorganisms
whose process enhances soil fertility, water retention and structural stability (Bremaghani,

2024).

Traditional organic amendments like animal manure are rich in organic matter and minerals
such as nitrogen, phosphorus and potassium boosts soil fertility and stimulates microbial
activity (Verma, Pradhan, Singh, & Kushuwaha, 2024) while cultivating certain crops
typically legumes and ploughing them back into the soil as green manure also contribute
to soil fertility increasing organic matter which strengthens soil structure and adds nitrogen
since leguminous plants can fix atmospheric nitrogen into a form plants can use (Dotaniya

et al., 2016; Huang, 2024).

Biochar (a stable carbon-rich material) produced when organic matter is heated in low
oxygen conditions a process known as pyrolysis (Afshar & Mofatteh, 2024). When applied

to soil, biochar therefore improves water retention, enhances fertility and sequesters carbon
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in the soil. Its porous structure and large surface area make it particularly effective at
holding nutrients and moisture, making it a long-lasting organic amendment (Ruan, Zhang,

Lambers, Xie, Zhang, Xie & Wang, 2024).

Furthermore, the application of biochar has shown promise in alleviating heavy metal
toxicities and improving soil nutrient content. (Kuppusamy, Thavamani, Megharaj,
Venkateswarlu & Naidu, (2016) demonstrated that biochar application in contaminated
soils reduced heavy metal availability and enhanced nutrient retention, promoting healthier

plant growth and improved soil fertility.

The nutrient composition of organic amendments can differ greatly depending on the
source materials and the methods used for composting or processing whose variation
makes it difficult to determine exact application rates for crops (Dotaniya et al., 2016;
Meena, Aggarwal, Meena & Rathore, 2024). For example, animal manure must be
thoroughly composted to eliminate harmful pathogens including Salmonella and

Escherichia coli (Rizwan et al., 2024).

In comparison with synthetic fertilizers, organic amendments generally contain lower
levels of nutrients. Meeting crop nutrient requirements therefore often demands larger
amounts of material, which can present practical challenges in handling and application
(Rizwan et al., 2024; Chen et al., 2024). Additionally, nutrients are released gradually as
the organic matter decomposes. While this slow-release process can improve soil fertility
over time, it may not supply sufficient nutrients for fast-growing crops that require

immediate nutrient availability (Miller, 2000; Govil et al., 2024).
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Crops may experience a nitrogen shortage if organic amendments with a high carbon-to-
nitrogen (C) ratio, like straw or wood chips, momentarily immobilize nitrogen as soil
microbes break it down. The C ratio can be balanced by adding a small amount of nitrogen
fertilizer (Miller, 2000; Xu, Yao, Chen, Liu, Teng, Huang & Gao, 2024). The preparation,
transport, and application of organic amendments can be labor-intensive and costly,
especially for large-scale farming operations. Although the benefits of improved soil health
and reduced input costs may offset these expenses over time, initial investments can be
significantly high (Conway, & Barbier, 2013); Toor, Yang, Das, Dorsey, & Felton, 2021).
Organic materials in solid waste can be biodecomposed and stabilized by composting, and
the final products applied to the field as a soil conditioner or fertilizer (Duki¢, Marks &
Llenas, 2020). Composting produces a transient thermophilic phase followed by a cooling
period, resulting in stable, hygienic, humus-like compost that retains beneficial mineral
elements for soil and plants (Karimi, Raza & Mechri, 2024). If done properly, composting
effectively destroys weed seeds and pathogens through the heat generated by

microorganisms during the process (de Bertoldi, 2013).

Composting relies on aerobic microorganisms to break down organic materials, yielding
simpler organic and inorganic compounds that are more available as plant nutrients
(Aronsson, 2024). Composting of pressmud is known to improve its physical structure and
lower the C- N ratio by breaking down more than 16% of the waxy components (MDiaz,
2016). Raw pressmud from the sulphitation process of sugar processing contains 35-37%
organic carbon, 1.0-1.5% nitrogen, 2.5-3.5% phosphorus, and 0.5-0.8% potash (Conway
& Barbier, 2013; Sajid, Aslam, Hussain, Mumtaz & Kousar, 2024), making it a rich

nutrient source when composted. According to MDiaz (2016) and Sajid et al. 2024),
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comparison of the nutrient value between sulphitation- and carbonation-processed
pressmud cakes revealed presenece of higher in N, P and K content in pressmud from the
sulphitation process. The nitrogen, phosphorus, and potassium contents in sulphitation-
processed pressmud were 2.43%, 2.95%, and 0.44%. In contrast, carbonation-processed
pressmud cake contained 0.88%, 0.93%, and 0.53% of N, P, and K, respectively.
According to Dotaniya et al. (2016), the organic carbon content of pressmud obtained from
the carbonation process was lower (15.07%) than that from sulphitation processing
(26.0%). Nitrogen, phosphorus, and potassium contents of sulphitation filter cake were
2.38%, 2.62%, and 0.62%, respectively, whereas carbonation process filter cake contained

0.86%, 1.02%, and 0.60% N, P, and K, respectively.

During composting, mesophilic microorganisms initially decompose available simple
sugars, generating heat and raising the temperature to the thermophilic range (40-70°C)
(Duran-Valle & Lopez-Coca, 2024). Another group of organisms with ability to degrade
polymers and utilize intermediate products of fermentation becomes active during the
thermophilic period (Meng, Liang, Wang & Ren, 2024). Nitrogen in the organic
compounds is converted to ammonium ions through the high-temperature aerobic
fermentation process (Yang, Zhang, Du, Gao, Cheng, Fu, & Wang, 2024). The elevated
temperatures during composting kill pathogens and weed seeds, reducing disease incidence
and weed pressure in subsequent crops (de Bertoldi, 2013, Kushal et al., 2024). A proper
composting process should provide conditions for adequate oxygen transfer inside the
compost heap to produce good-quality compost from organic waste (Goldan, Nedeff,
Barsan, Culea, Panainte-Lehadus, Mosnegutu, & Irimia, 2023; Lalthlansanga, Pottipati,

Mohanty & Kalamdhad, 2024; Wang, Feng, Wang, Wang & Wang, 2024).
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Soil organic carbon is a vital component of soil fertility, influencing nutrient availability,
water retention, and soil structure (Khan & Kwot, 2024). Continuous cultivation without
adequate organic matter replenishment leads to a decline in soil organic carbon content,
negatively impacting soil health. A study by Lal. (2015) emphasizes the role of organic
amendments, such as crop residues and cover crops, in enhancing soil organic carbon levels

and improving soil structure.

Similarly, other studies (Six et al. 2018 and Francaviglia, Almagro & Vicente-Vicente,
2023) demonstrated that adopting conservation agriculture practices that promote organic
matter accumulation, including minimal tillage and residue retention, significantly
increased soil organic carbon content and improved soil aggregation. These practices
contribute to better soil structure, water retention and resilience against erosion, supporting

long-term soil fertility and agricultural productivity.

Organic amendments supply essential nutrients necessary for plant growth. For instance,
compost typically contains about 1-3% nitrogen, 1-2% phosphorus, and 1-2% potassium
(Panday, Bhusal, Das & Ghalehgolabbehbahani, 2024). These nutrients are gradually
released, providing a steady supply for plants (Asadu, Ezema, Ekwueme, Onu, Onoh,
Adejoh & Emmanuel, 2024). The addition of organic amendments improves soil structure
by increasing soil aggregation, which enhances aeration, water infiltration and root
penetration. Compost, for instance, helps create a crumbly soil texture that facilitates root
growth and water movement (Aluvihara, Weerawardena, Gunaratne, Deniyapahala &

Kumari, 2024).

Organic matter significantly increases the soil’s water holding capacity, crucial in areas

prone to drought. The improved soil structure allows better water infiltration and retention,
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reducing the need for frequent irrigation (Diaz, 2016; Ray, & Majumder. 2024). Organic
amendments stimulate microbial activity, essential for nutrient cycling and organic matter
decomposition. Increased microbial activity leads to the formation of humus, a stable form
of organic matter that enhances soil fertility (Filipovi¢, et al.,2024). Using organic
amendments can reduce dependence on chemical fertilizers, promoting sustainable
agriculture. Green manures and composts, for example, can supply a significant portion of
the nutrients required by crops, minimizing the need for synthetic inputs (Zhao, Bai, Han,
Yao, Liu, Hao & Wang, 2024; Jin, Jin, Wang, Li, Liu, Liu, Z & Yu, 2022). However,
organic fertilizers should not be considered an ultimate solution to immediate high crop
yields owing to their slow release of the contained crop nutrients to meet the immediate
crop needs (Govil et al.,2024). Hence the need for their combination with the inorganic
fertilizers for improved and immediate nutrients availability.

2.2.4 The combined use of inorganic and organic fertilizers in managing soil fertility
Inorganic fertilizer sources as a major soil fertility management option may not be
sustainable, as continued application leads to soil deterioration and environmental
pollution (Henryson et al., 2018; Stewart et al., 2020, Srivastav et al., 2024). A remedy to
this problem is to limit the sole use of chemical fertilizers through combination with
organic fertilizers; this has proved beneficial in sustaining soil fertility as compared to
applying chemical or organic fertilizers alone Pei et al., 2021 Wang et al., 2024). A recent
study in western Kenya (Barasa et al., 2022) has confirmed that inorganic fertilizers when
combined with organic fertilizer application improves soil physical and chemical
properties, besides promoting plant growth and yield. Combined application of organic and

inorganic fertilizer inputs has shown to increase soil organic matter, total nitrogen content
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of the soil and soil microenvironment in wheat/maize fields (Song, Yang, Liang, Yang,
Song & Li, 2024). Another study (Lu, Hao, Ma, Gao, Fan, Guo, & Zhou, 2024), found that
under the same nutritional conditions, organic fertilizer can enhance soil available nutrients
such alkali-hydrolytic nitrogen, available phosphorus, available potassium, and soil
organic matter while lowering the quantity of conventional fertilizer needed by wheat. He,
Peng, Hou, & Li. (2024) suggested that variations in SOC stock are influenced by
fertilization mechanisms. To improve soil fertility and SOC stocks in wheat fields, it is
advised to utilize organic fertilizer instead of conventional fertilizer or reduced chemical
and substitute it with organic fertilizer. (Xu, et al2025), found that soil undergoing organic
fertilization treatments had larger OC stocks and distribution ratios in both the passive
portion and the pool. The maximum OC in the passive pool and carbon management index
(CMI) under nitrogen, phosphorus, potassium with manure (NPKM) demonstrated that
adding manure together with chemical fertilizers was a successful method of enhancing
soil OC stability and sequestration. Zhao, Khan, Yin, Song, & Nie (2024) found that
physico-chemical characteristics of the soil were enhanced by partially replacing inorganic
fertilizer with organic fertilizer, which raised the production of rice grains in the following
seasons. Another study conducted by Wei, Xie, Wan, Song, Zhong, Xin, & Song (2024)
reported that microbial fertilizers greatly increase the diversity and richness of soil
microorganisms, which is essential for preserving the microecological balance of the soil
and enhancing the soil environment. Microbial fertilizers promote plant growth and
improve the uptake and use of vital nutrients like nitrogen (N), phosphorus (P), and
potassium (K) by secreting a variety of secondary metabolites, proteins, enzymes, and plant

hormones. Chemical fertilizer reduction combined with organic fertilizer application meets
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the requirements for green ecology which is becoming crucial in environmental protection
especially in low fertility soils like those of Kibos and Bumula sites of Western Kenya.

It has been demonstrated that combining pressmud with synthetic fertilizers may
significantly increase crop yields. For instance, a research conducted in 2005 by
Shankaraiah and Murthy showed that, in comparison to utilizing chemical fertilizers alone,
applying a constant rate of pressmud together with different amounts of synthetic fertilizers
greatly enhanced cane and sugar yields by up to 21%. Farmers were able to reduce the
cost of synthetic fertilizers by up to 50% by using half the recommended rate of pressmud-
blended synthetic fertilizer. The findings underscore the economic advantage of reducing
dependence on costly synthetic fertilizers by integrating them with organic nutrient
sources. Singh, Singh, and Rao (2013) reported that the use of pressmud alongside
inorganic nitrogen, applied either individually or together, increased sugarcane yields by
12.9% to 65.6% compared with untreated controls. Similarly, pressmud improved maize
and wheat yields by 129.4% and 62.2%, respectively, illustrating the substantial gains
achievable through combined fertilization practices. Despite these promising results,
Kenya has not yet undertaken studies to evaluate the potential of pressmud in enhancing
the production of staple food crops. This study therefore explored crop performance when
pressmud is applied alongside bovine dung, a commonly available organic resource on

Kenyan farms.

Supporting the benefits of integrated fertilization, Manna, Swarup, Wanjari, Mishra, and
Shahi (2018) found that combining farmyard manure (FYM) with inorganic fertilizers
increased yields of wheat and maize while improving soil fertility, contributing to long-

term soil health. Similarly, Mandal, Patra, Singh, Swarup, and Masto (2019) observed that
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rice yields rose by 25% when FYM was applied together with synthetic fertilizers,
compared with the use of inorganic fertilizers alone. These studies collectively highlight
the potential of integrating organic and inorganic inputs to sustain high crop productivity
and preserve soil quality over multiple growing seasons. When compared to using only
inorganic fertilizers, the authors results showed that combining FYM with synthetic
fertilizers increased rice output by 25% which also improved soil health by increasing
microbial activity and soil organic carbon levels. The rise in soil organic carbon is
especially beneficial for enhancing soil structure and water holding capacity both of which
are critical for crop development especially in regions that are prone to drought. While
Alam, Islam, Rahman and Bhuiyan's (2020) studied the effects of mixing poultry manure
with inorganic fertilizers on soil properties and tomato yield found that tomato yield and
soil nutrient content were significantly increased by the integrated approach. This
approach is beneficial for high value crops like tomatoes because the increased nutrient

content in the soil promotes robust plant development and higher yields.

Mucheru-Muna, Mugendi, Kung'u& Mugwe, (2014) assessed the impact of integrating
Tithonia diversifolia green manure with inorganic fertilizers on maize yield on Kenyan
soils. The findings revealed that the combined application significantly increased maize
yield compared to the sole use of inorganic fertilizers. The integrated approach also
enhanced soil fertility by increasing nitrogen availability. This is particularly relevant for
smallholder farmers in Kenya who seek sustainable methods to improve crop productivity
without relying solely on expensive chemical fertilizers. In another study, Mutegi et al.
(2015) investigated the impact of integrated soil fertility management (ISFM) practices on

maize production in Kenya. The study found that combining organic and inorganic
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fertilizers resulted in higher maize yields and improved soil nutrient balance. ISFM
practices help mitigate nutrient deficiencies and enhance soil fertility, providing a

sustainable solution for smallholder farmers.

There are several advantages to using both organic and inorganic fertilizers together. In
the first place, it increases agricultural yields by providing a balanced supply of nutrients
that enhance crop growth and productivity. For instance, it has been shown that pressmud
greatly boosts the yields of cane, maize, and wheat when combined with synthetic
fertilizers (Shankaraiah & Murthy, 2005; Singh et al., 2013). This balanced nutrient
delivery ensures that crops receive the essential macro and micronutrients needed for
optimal development, while also boosting soil fertility (Wang et al., 2024Long-term soil
fertility maintenance is aided by organic fertilizers such as pressmud, FYM, and calf
manure, which add organic matter and boost microbial activity. This improves the
availability of nutrients and the structure of the soil (Manna et al., 2018; Mandal et al.,
2019). The addition of organic matter by these fertilizers helps to build soil organic carbon,

which is necessary to maintain soil yield and health. Pal and Poddar (2024).

Utilizing organic fertilizers also lessens the negative effects that synthetic fertilizers have
on the environment, including greenhouse gas emissions and nutrient leaching (Verma et
al., 2024). According to Alam et al. (2020), organic fertilizers enhance soil health and
lessen the requirement for chemical inputs. By lowering chemical inputs, more sustainable
farming methods are encouraged and the detrimental environmental impacts of excessive

fertilizer usage are lessened.
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2.3 Effect of integrated nutrient management on maize growth and grain yield

2.3.1 Maize growth

Using organic matter improves plant height and leaf area by increasing micronutrient
availability and improving root growth (Ayoola & Makinde, 2019, Dhaliwal et al., 2024).
In recent years, it has been demonstrated that integrated nutrient management, which
includes inorganic fertilizers, pressmud, and cow dung, greatly increases maize production
and growth. In comparison to utilizing inorganic fertilizers alone, research have
demonstrated that combining these organic elements improves plant height, leaf number,
leaf area index (LAI), stem girth, and shoot dry weight yield. The application of prescribed
NPK in conjunction with cow dung, pressmud, and vermicompost, for example,
significantly increased plant height, leaf count, and shoot dry matter production, as shown
by Kaur et al. (2023). In a similar vein, Yadav et al. (2024) found that adding 75% of the
suggested NPK to farmyard manure composed of cow dung enhanced growth traits
including plant height, LAI, and shoot biomass. Yemata & Mengistu (2024) verified that,
in comparison to a non-fertilized plot, the application of synthetic fertilizers and cow dung
following plant nutrient removal significantly increased plant height, LAI, stem girth, and

shoot dry matter production.

2.3.2 Grain yield and quality

The combined use of organic and inorganic manure enhances maize yield and grain quality
more effectively than using either type of fertilizer alone (Chen et al., 2024). Abd EI-
Gawad and Morsy (2017) highlighted that the integrated application of farmyard manure
(FYM) and chemical fertilizers significantly improved maize yield attributes, including the

number of grain rows, ear length, ear weight, and the weight of 100 grains. This
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demonstrates the complementary benefits of organic and inorganic fertilizers in soil
fertility management. Combination of pressmud compost with urea resulted in the highest
maize grain yield, with compost enhancing soil organic matter and microbial activity, and
urea providing essential nitrogen for plant growth (Igbal et al., 2017; Ashenafi, Gebre
Selassie, Alemayehu, & Berhani 2023. Some studies have also shown that biochar
improves soil moisture retention and nutrient availability thus leading to higher maize
yields when used alongside chemical fertilizers (Major et al., 2017; EI-Syed, Helmy,
Fouda, Nabil, Abdullah, Alhag, & Elrys, 2023). Combining organic and inorganic
fertilizers not only increased maize yields but also improved the nutritional quality of the
grains in majority of cereal crops. Sharma and Subehia (2020) reported that the use of
vermicompost alongside inorganic fertilizers significantly enhanced both maize output and
grain quality. In this combination, the inorganic fertilizers supplied readily available
nutrients for immediate plant growth while vermicompost provided a steady release of

nutrients and supported soil microbial activity.

Similarly, Shafi, Bakht, Khan, Khan and Raziuddin (2016) found that integrating chicken
manure with urea led to higher maize yields and improved grain quality compared with
using urea alone in their study. In this case, urea supplied the nitrogen needed for optimal
growth whereas poultry manure enriched the soil with organic matter and additional
nutrients. Walia and Kaur (2019) also observed that combining chemical fertilizers with
green manure crops in particularly legumes substantially increased maize productivity. The
symbiotic relationship between nitrogen-fixing bacteria in legumes and artificial fertilizers
further enhances nutrient availability, reinforcing the benefits of integrated fertilization

strategies.
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These studies underscore the importance of integrating organic and inorganic amendments
to optimize maize yield and quality. Each combination offers unique benefits, and selecting
the appropriate amendments should consider specific agro-ecological zones and soil
conditions for the best results. Critical evaluation and comparison of different amendment
combinations are crucial for developing sustainable and efficient fertilization practices for
maize production. (Kumar et al. 2021) found that crop yield and soil health were
significantly enhanced by integrated fertilization with FYM. By modifying the microbial
population and soil enzymatic activities, integrated fertilization by FYM improves yield

parameters and nutrient (N, P, and K) availability.

2.4 Effect of integrated nutrients management on forage quality of maize

Using a combination of organic and inorganic manures can lead to better forage quality
outcomes than using either type of fertilizer alone (Sher, Adnan, Sattar, Ul-Allah, ljaz,
Hassan, & El Askary, 2022). Choudhary, Garg, Reddy, Meena, Mondal, Tuti, & Rajawat,
(2024) demonstrated that the integrated use of organic and inorganic fertilizers increased
the absorption of nitrogen (N), phosphorus (P), and potassium (K) in plant leaf tissue,
leading to better plant health and higher yields. Together with Sher, Adnan, Sattar, Ul-
Allah, ljaz, Hassan, & EIl Askary (2022), Azraf-ul-Hag Ahmad & Mahmood (2007)
discovered that mixing these fertilizers in sorghum greatly enhanced fodder output by
increasing the number of leaves per plant, plant height, and leaf area. By supplying a
balanced mix of nutrients, integrated fertilization supports optimal plant growth and higher
yields. Harischandra, Premalal and Wicramasinghe (2015) recommended combining urea
(100 kg/ha), muriate of potash (MOP, 62.5 kg/ha) and organic manure (15,000 kg/ha) to

maximize fodder yield in sorghum. In a separate investigation, Essilfie, Darkwa and
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Asamoah (2024) examined the effects of inorganic fertilizers and chicken manure on maize
and found that applying both together produced the highest fodder yields compared with
using each fertilizer individually. Similarly, Jalal, Ahmed, Ashraf, and Ali (2016) reported
that compost combined with inorganic fertilizers enhanced maize protein content and
overall forage quality. Darabi, Heidari, Khalesro and Jahani Azizabadi (2025) further
demonstrated that combining chemical fertilizers with pelleted chicken manure increased
maize yields improved yield components and produced fodder with higher crude protein
and lower NDF fiber content thus a nutrient-dense forage that contribute to better animal

performance and overall nutrition.

Sher et al. (2022) also noted that the nutritional density and digestibility of the feed were
enhanced in maize production when organic and inorganic fertilizers were used. While
artificial fertilizers guaranteed a balanced supply of vital nutrients, organic additions
enhanced soil microbial activity and nutrient availability, resulting in higher-quality
fodder. These studies highlight how crucial it is to apply a balanced fertilization strategy
in order to maximize yield and quality. Farmers may improve fodder quality and yields by
combining organic and inorganic fertilizers, which will increase productivity and promote

agricultural sustainability overall.

A number of quality parameters including as nutritional content, digestibility, fiber
composition and general palatability are used to evaluate maize fodder (Cueva Welchez,
2024). Maize forage quality is shaped by agronomic practices, harvest timing and the type
of soil amendments used whether organic or inorganic. Nutrient content is the main factor
influencing quality with maize valued for its high energy from carbohydrates (Narayan,

2024; Duma & Sulendre, 2025). Nitrogen-rich fertilizers, including manure, compost, and
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synthetic sources, can increase protein levels in maize fodder (Khan, Khan, Ali, Bashir &
Noor, 2018; Weiss, 2019). Organic amendments further enhance mineral availability
improving calcium and phosphorus content essential for bone and metabolic health
(Mupambwa & Wakindiki, 2019; Shah Faisal et al. (2013; Jalal, Ahmed, Ashraf, and Ali,

2016; Walia and Kaur, 2019).

Another important characteristic of maize forage is digestibility, which determines how
well nutrients are absorbed and broken down by animals. The amount of neutral detergent
fiber (NDF) and acid detergent fiber (ADF) in the feed has a significant impact on this.
NDF measures the total amount of cellulose, hemicellulose, and lignin in the cell wall.
Lower NDF readings indicate better digestibility and higher forage consumption. Forage
fiber decreases as plant nitrogen levels increase, claim Karimi, Sayfzadeh, Pazoki, Hadidi
Masouleh, & Zakerin (2025) and Mertens & Grant (2020). For high-producing dairy cows,
maize fodder is more suitable since it typically has a lower NDF than other forage crops
(Ballard, Thomas, Tsang, Mandebvu, Sniffen, Endres, & Carter, 2015; Karnatam, Mythri,
Un Nisa, Sharma, Meena, Rana, & Sandhu, 2023Higher energy availability and better
digestibility are indicated by lower ADF values, which quantify the amount of cellulose
and lignin (Kung, Shaver, Grant, & Schmidt, 2018). Organic amendments can assist
maintain reduced lignin levels in maize feed by enhancing soil health and encouraging

better plant development (Wang, Yan, Xu, Wang & Hu, 2020).

Palatability, or the willingness of animals to consume the forage, is influenced by its
texture, aroma, and taste. High-quality maize forage is typically more palatable,
encouraging higher intake rates and better overall animal performance. (Norman, H. C., &

Masters, D. G. 2023) The application of fertilizers plays a crucial role in enhancing forage
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quality by improving nutrient content, which can positively affect the aroma and taste,
making the forage more appealing to animals (Santos, Monteiro, Voss, Komora, Teixeira,
& Pintado, 2021). However, excessive use of certain fertilizers, particularly nitrogen, can
sometimes lead to undesirable changes in texture or taste, potentially reducing palatability
(Revilla, Plaza & Palacios, 2021). Ensuring good palatability involves not only proper
harvesting, handling, and storage practices to prevent spoilage and maintain forage quality
but also the careful management of fertilizer application to optimize both yield and

palatability (Gaikwad, Rautela, Kedare, Sarkar, Pal, & Sharma, 2024).
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Description of the study area

The soil fertility study was carried out during the long rains of 2021 at Kiboss representing
lower midland semi-humid zones (LM 3) in Kisumu county and Bumula representing
lower midland sub-humid zones (LM2) in Bungoma county. Figure 1 shows a map of the

study site.
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Figure 3.1. A map of study area
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The organic inputs that included sugarcane pressmud(PM) and cattle manures (CM) were
initially composted as described in section (3.1.1) and mixed with TSP fertilizer in various
proportions which were later tested on soil fertility and crop performance and maize forage

at the study sites.

The study sites are located in low soil fertility regions of western Kenya (Table 1). This
formed the basis for the fertility study on inorganic and organic inputs as an avenue for soil
fertility and crop improvements. The area experiences warm and wet climatic conditions
with bimodal rainfall and generally low soil fertility as presented in Table 1.

Table 1: Climatic conditions of the study site

Study site  Eco-  Soil Soil Altitude  Rainfall Mean Latitude Longitude
Zone Type pH m.a.s. | (mm) Temp. (°C)

Kibos LM3  Orthic 6.07 1224 450-600 21-22.7 0.0393°N  34.8162°E
Kisumu Acrisols

County

Bumula LM2  Acrisols 5.55 1493 1500 21-25 0.5742°N, 34.4420°E
Bungoma

County

Source: Jaetzold, et. al, (2012)

3.2 Composting and preparation of organic soil fertility inputs

Raw pressmud and cattle manure were composted using the Berkley hot composting
method (Raabe, UCDavis Vegetable Center). This is a rapid composting procedure that
can be concluded within 14-21 days depending on the type of organic material and various
physical factors. For this study, composting was carried out for a period of up to 30 days,
since pressmud is known to take long to decompose. The process was managed as

described below for optimal degradation of the organic sources.
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3.2.1 Compost C: N adjustment

Before composting, the starting materials were divided into two parts. One part was sun-
dried for carbon enrichment while the other part was maintained fresh. The two portions
were then mixed to obtain a C:N ratio of about 25-30:1, which is suitable for the efficient

nutrient use and multiplication of the bacteria responsible for the composting process.

3.2.2 Compost heap

A compost heap measuring roughly 1.3 meters in height and 2 meters in width was prepared
using pressmud and cattle manure for effective decomposition and retain heat while
preventing the material from drying out too quickly. After construction, the compost piles

were left undisturbed for four days to allow heat to build up.

3.2.3 Aeration

The compost heaps were turned every two days to ensure sufficient oxygen reached the
microorganisms and to promote even decomposition of the organic material After the
initial four days. Aeration is essential for aerobic composting requiring at least 5% oxygen
during the bio-oxidative phase with a maximum of 10% as the process progresses. Regular
turning was maintained to ensure adequate oxygen levels to support continued aerobic
decomposition as microbial populations grew and also to prevent foul odors and sustained

effective breakdown of the compost material (Meng, Liu, Shi, Wu, & Xu, 2013).

3.2.4 Temperature

The temperature was monitored on a weekly basis and maintained between 40°C to 65°C
throughout the thermophilic phase of composting (Mohammad, Alam, Kabbashi & Ahsan,
2012), as this range is considered as the most favorable for the process. Maintaining the

optimum temperature range was critical for aerobic composting. Throughout the process,
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the temperature of the pile indicated the metabolic status of the microbial population and
the progression of the decomposition process. If the temperature rose above the optimum,
it was regulated by turning and temporarily spreading the piles for short periods to avoid
further heating of the compost (above 75°C), which could be lethal to the decomposing
bacteria. Achieving and maintaining temperatures of 55°C to 65°C was targeted to kill

pathogens and weed seeds, ensuring a clean final compost.

3.2.5 Moisture

The compost heap moisture was maintained at 45 to 60%, which is considered optimal for
the composting process (Paul, 2014). Low moisture content reduces the rate of
decomposition due to dehydration and overheating, while excess moisture (>60% RH)
causes waterlogging and suffocation of the aerobic decomposers. Moisture was measured
at two-day intervals using a moisture meter and adjusted by adding water to the compost

or allowing for partial dehydration.

3.2.6 pH
The pH of raw pressmud and cattle dung was usually below 4.5. A pH varying between 6.0
to 7.5 is suitable for the survival and activity of bacterial decomposers, while a pH range
of 5.5 to 8.0 is favorable for fungal decomposers (Kalamdhad, Khwairakpam, & Kazmi,
2012). At a pH above 7.5, gaseous loss of ammonia was likely to occur during composting,
reducing the nitrogen content of the final product. Therefore, the pH was measured during
the turning of the compost to determine the changes following the decomposition of the

material. Composting was terminated at a pH below 7.5 to avoid nutrient nitrogen loss.
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3.3 Soil sampling for initial site characterization

Soil samples were taken from the two sites of Kibos and Bumula study sites. Laboratory
soil tests based on some selected soil chemical properties of the soil samples from the two

sites were later carried out.

Soil sampling involved six soil samples (0.5 kg each) from each of the study sites as
mentioned above. In each site, soil sampling was done by the zig-zag technique by
auguring the soil at two different soil depths (0-15 and 15-30) cm. The soil samples from
the same depth and at different points of each of the selected s sites were respectively
bulked to form composite samples to eliminate unnecessary variability. From the
composite samples, 100 g of soil sample was drawn for further laboratory analysis. Soil
parameters measured included: (pH, P, N, organic carbon and K determination as

described in Table 4

3.3.1 Nutrient content of materials used in the field experiments

The fertilizers used and their nutrient contents are presented in table 2.

Table 2: Nutrient Contents of pressmud and cattle manure used in field trials as determined
at 30 days of composting

Chemical parameter Organic Amendment
Pressmud (PM) Cattle manure (CM)

Organic Carbon 24.4 25

Total Nitrogen 0.6 1.5

Total Phosphorus 0.7 0.5

Total Potassium 0.4 0.8




3.3.2 Soil sampling and laboratory analyses

a) Soil sampling procedures

Soil sampling was three-fold running from prior to the onset of the field experiments at
both study sites. First sampling was done to characterize the soils at the study sites prior
to planting. The second sampling was done at the flowering stage of the maize crops

and the third sampling was done at the maize crop harvesting time.

The laboratory soil analysis procedures used in determining selected soil fertility
properties at the two-site included; Soil pH (Glass electrode method), organic carbon
(Walkley & Black method); total nitrogen (Kjeldahl method) and available phosphorus

(Olsen method), as outlined in the Laboratory Manual by Okalebo et al., 2002.

b) Determination of soil pH (H20) 1:2.5
Fifty (50) ml of distilled water was added to 20 g air-dried (2mm) soil. The mixture was
stirred for two minutes and allowed to stand for 30 minutes. Thereafter the soil

suspension was stirred for two minutes, and pH was measured using the pH meter.

c) Total organic carbon (%) content of soils

Walky and Black (1934) oxidation method as described by Okalebo et al., (2002) was
used to determine soil total organic carbon. This procedure involves complete oxidation
of organic carbon by an acid (H2SO4) dichromate solution. Excess or unreacted
dichromate (Nelson and Sommers, 1975) was determined by titration using ferrous
ammonium sulfate. The colour change from greenish to brown forms the end point and

the titer is then used to calculate organic carbon after making the blank correction.
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d) Olsen Extractable phosphorus (mg.kg™)

Phosphomolybdate method, (Olsen et al., 1954) as described by Okalebo et al., 2002
was used in extraction of soil available P. Phosphate and ammonium molybdate forms
a complex in this method, that is reduced with ascorbic acid to produce a blue colour
complex in a solution whose intensity (the absorbance) is measured using a
spectrophotometer at a wavelength setting of 880 nm. Phosphorus concentration (ppm)
in soil solution is calculated by plotting absorbance versus concentration from which

sample concentration is read off from the graph and ppm P is calculated.

d) Total nitrogen (%) and phosphorus in plant samples

Total nitrogen concentration was determined based on the Kjeldahl procedures as
described by Okalebo et al., 2002. Total P was determined from the plant tissues after
digestion with concentrated sulphuric acid in the presence of a catalyst. The principle
involved is the oxidation of organic materials to inorganic soluble P components
(phosphate). Phosphate is then measured using the phosphomolybdate colorimetric
method in which the absorbance (blue colour intensity) is measured at a
spectrophotometer wavelength setting of 880 nm. Blank correction is made by
subtracting the mean blank reading from the sample reading. A graph of absorbance
against standard P concentrations is plotted from which solution P concentration for the
samples is determined. These nutrient concentrations were then used to determine the

amount of nutrients contained in the plant tissues.

e) Exchangeable (potassium) (cmol.kg™)
The exchangeable potassium was extracted from a soil sample using an excess of 1M

NH4OAc (ammonium acetate) solution where the maximum exchange occurred
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between NH4 and the cations originally on the soil exchange sites on the soil surface.
The amount of the exchangeable metal cation in the soil extract was then determined

using atomic absorption spectrophotometry at specific metal wavelengths.

3.3.3 Treatments used in the field experimental study
Thirteen treatments consisted of decomposed pressmud (PM) and cattle manure (CM)
in various combinations with or without inorganic fertilizer (TSP) at calculated rates of

the organic manure (Table 3).

Treatments were: 1. Absolute zero (control) without any fertilizer input, while Treatment
2 was. NPK fertilizer at the full recommended rate of 100 kg N/ha, 30 kg P/ha, and 60 kg
K/ha (Samuel, Abigael, Ruth, & Ernst, 2019). Other treatments consisted of reduced NPK
fertilizer at various combinations with decomposed pressmud and cattle manure at a
calculated rate that fulfilled NPK nutrients requirement for maize production. The quantity

of manure applied was calculated based on P2Os to supply the full rate of P.



Table 3: Treatments tested in the field study
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Soil amendments Description Organic
fertilizer
quantity (t/ha)
Control No nutrients applied
Triple Super Phosphate 30 kg P/ha?, full inorganic P
(TSP)
Press Mud (PM) 30 kg P/ha’t, full organic P 4.225
Cattle Manure (CM) 30 kg P/ha, full organic P 6.123
TSP 15+ PM 15 15 kg P/ha TSP + 15 kg P/ha PM (half rate each) 2.113
TSP 225+PM 7.5 22.5 kg P/ha! TSP + 7.5 kg P/ha PM (2/3 TSP + 1/3  1.056
PM)

TSP 7.5+PM 225 7.5 kg P/hat TSP + 22.5 kg P/ha PM (1/3 TSP + 2/3 3.169
PM)

TSP 15+ CM 15 15 kg P/ha* TSP + 15 kg P/ha CM (half rate each) 3.061

TSP 225+ CM 75 22.5 kg P/hat TSP + 7.5 kg P/ha CM (2/3 TSP + 1/3  1.531
CM)

TSP 7.5+ CM 22.5 7.5 kg P/hat TSP + 22.5 kg P/ha CM (1/3 TSP + 2/3  4.592
CM)

PM 15 + CM 15 15 kg P/ha PM + 15 kg P/ha CM (half rate each) 2.113 + 3.061

PM225+CM 7.5 22.5kg P/ha PM +7.5kg P/ha CM (2/3PM + 1/3CM)  3.169 + 1.531

PM75+CM 225 7.5 kg P/ha PM + 22.5 kg P/haCM (1/3PM +2/3CM)  1.056 + 4.592

TSP10+PM 10+ CM 10 10 kg P/ha? TSP + 10 kg P/ha PM + 10 kg P/ha CM  1.409 + 2.041

(1/3 each)

3.3.4 Experimental design and field layout

The experimental units were laid out in a randomized complete block design in three

replications in a fine tilth-prepared field. The treatments consisted of decomposed

pressmud and cattle manure combined with or without inorganic fertilizer at calculated

rates of the organic manure. The treatments were arranged in a randomized complete

block design with three replicates (Figure 2).
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Figure 3.2: Layout of the treatment combinations in the field

3.4 Planting and management of the crop in the field experiment

The maize crop was planted at a spacing of (0.75 m between rows x 0.25 m within rows),
resulting in a total plant population of 150 plants per plot. Two maize seeds were sown per
hill, and the seedlings thinned to one per hill one week after emergence. The treatments
were applied at sowing, and topdressing was done 8 weeks after planting. Inorganic
nitrogen was supplied in a split application in the form of urea, while phosphorus and
potassium were applied as triple superphosphate (TSP) and muriate of potash, respectively,
at planting. Other agronomic procedures for maize production, such as weeding,

topdressing, and pest and insect control, were appropriately followed after planting.

3.4.1 Test crop

Maize variety H520 is a hybrid developed by the Kenya Seed Company for medium-
altitude ecological zones, with a rainfall range of 800-1500 mm and a growth temperature
range of 12°C to 30°C. The hybrid has a yield potential of 32 bags of 90 kg per acre. Its

grains are very sweet and good for roasting, and the dry kernels are not easily attacked by
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weevils after harvesting. This variety of maize is tolerant to turcicum leaf blight and grey

leaf spot (GLYS).

3.4.2 Data collection

To investigate the effect of different organic fertilizer sources integrated with inorganic
fertilizer on maize growth and yield, data were collected on plant height, number of leaves,
leaf area index and biomass yield. The N, P, and K content in the maize tissues were also
analyzed at flowering and maturity. Maize forage quality attributes measured included
crude protein (%), dry matter yield, neutral detergent fiber (NDF), acid detergent fiber

(ADF), and In Vitro Digestibility.

3.4.3 Maize growth and yield

Leaf Area Index (LAI) was calculated by measuring the leaf area and determining the
number of leaves per unit ground area. For growth measurements, nine plants were tagged
in each plot. Starting two weeks after emergence, plant height was measured in centimeters
using a meter ruler or tape measure. The number of leaves on each plant was counted, and

these measurements were recorded at two-week intervals until the first tassel appeared.

To estimate the leaf area, the length and maximum width of each leaf were measured. The

leaf area for each leaf was calculated using the formula:

Leaf Area (LA) = Leaf length X Leaf Width X 0.75

The factor 0.75, as described by Francis, Rutger, and Palmer (1969), accounts for the leaf's

shape, providing a more accurate estimation of its actual area.
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The total leaf area for a plant was then calculated by summing the areas of all leaves on
that plant. The Leaf Area Index (LAI) was determined by dividing the total leaf area of the

plants by the ground area they occupied, using the formula:

Total leaf area
LAI =

Ground Area

This approach provides a precise measure of the plant canopy's density and its ability to

capture sunlight for photosynthesis. Leaf Area (LA) = Leaf length X Leaf Width X 0.75

For consistency, leaf area measurements were based on the uppermost fully expanded leaf
at each sampling stage. Specifically, from the second stage onwards, this corresponded to
the seventh leaf of the plant. The measurements were done at five growth stages: stage 1
when the plant had 6 leaves, stage 2 when the plant had 12 leaves, the silking stage, the
filling stage, and the physiological maturity stage (Sun, Gao, Wang, Hu, Zhang, Bao, and

Fan, 2019).

After harvesting and drying, maize from each treatment was threshed and weighed for yield
and yield component determination. The data were used to compare the treatments.
Harvesting of maize for yield estimation was done by discarding two outer rows per plot
and two plants at the ends of each row. Thus, four inner rows per plot were harvested from
an effective area of 13.5 m2. In the harvest area, the total weights of unshelled maize
carbohydrates were determined. The maize was shelled by hand and grain weights were
recorded for each plot. The stovers were cut at ground level, and their fresh and dry weights
were measured. A random sampling of sub-samples consisting of 6 stalks per plot was

taken and chopped into small pieces of 3-5 cm in length and mixed thoroughly. These were
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then weighed and the fresh weights recorded. The chopped stover samples were sun-dried

to obtain dry stover weight.

3.5 Forage sampling and quality determination

3.5.1 Forage harvesting

Sampling and sample preparation for forage yield and quality determination were done as
described by Nazli et al. (2016). Ten randomly selected plants from the four center rows
of each experimental plot were harvested by cutting at a height of 10 cm above the ground
at the black layer stage (R6), considered optimal timing for high nutritional quality of

forage (Bal et al., 1997).

The fresh forage biomass obtained from the sampled plants was weighed to determine
forage yield. To make a composite sample for quantifying dry matter, fiber, and nutrients
(NPK), the whole maize plants with cobs were chopped into small pieces (2-3 cm), oven-
dried at 65°C to constant weight, and finely ground in a grinding mill (RAS Mill Series I,
Romer, USA) to pass through a 1 mm screen. The sieved samples were stored in airtight
polyethylene bags in a dry place until they were needed for chemical analysis to assess

their nutritional variation among the treatments applied in the field.

3.5.2 Forage post-harvest processing

The percentage of dry matter (DM) and moisture was determined using AOAC official
method No. 934.01. Chopped whole plant samples were packed in paper bags or envelopes
and placed in sunlight. Once the DM reached up to 50%, the samples were then dried to

constant weight by placing them in a hot air oven at 65°C overnight. Finally, the moisture
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content of each sample was determined as the difference in weights before (W1) and after

(W2) drying, and percent moisture was calculated using the equation below:

Moisture %) =— 1~ W2 149
osture 1/0) = Weight of Sample

Dry Matter (%) = 100 — Moisture (%)

Dry matter (DM) yield was calculated using the fresh and dry weights by multiplying the

green herbage yield and the dry matter percentage as follows:

DM Yield = Fresh Biomass X % DM

3.5.3 Crude protein (CP) content determination

The percentage of crude protein was quantified using the micro-Kjeldahl procedure
following AOAC official method No. 954.01. Two grams (2g) of ground and homogenized
dry samples were taken into a micro-Kjeldahl digestion flask. About 5 grams of digestion
mixture (100g K2SOs + 10g CuSOs + 5g FeSO4) were added along with 40 mL of
concentrated sulfuric acid (H.SOs). The flask was placed on a heater set to medium
temperature for digestion. The digestion was carried out for 3-4 hours until the solution
became clear. The contents of the flask were cooled and transferred to a volumetric flask
to make a dilution up to 1 liter with distilled water. A 10 mL aliquot of this dilution was
transferred into a micro-Kjeldahl distillation apparatus along with 10 mL of 40% sodium
hydroxide (NaOH) solution and boiled for distillation. The liberated ammonia was
condensed and collected into a beaker containing 2% boric acid. In a 100 mL conical flask
containing 2-3 drops of mixed indicator (0.1% BCG and 0.1% methyl red in 95% alcohol),

50 mL of ammonia condensate was added. The ammonia condensate was titrated against
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0.01 M HCI, and a light pink color was recorded as the end point to determine the total
nitrogen content in the forage sample. The crude protein was calculated using the following

formula:

Nit (()/)_NXTXZSOXO.OOléLXlOO
rrogenla = Weight of Sample

Crude protein (CP) content was determined by multiplying total nitrogen by the constant

6.25, based on the assumption that all protein contains 16% nitrogen as follows:

Crude Protein (%) = Nitrogen(%) X 6.25

3.5.4 Determination of neutral detergent fiber content

The percentage of neutral detergent fiber (NDF) was determined by the AOAC official
method No. 989.03. An amount of 1.5 g of ground and homogenized sample was
transferred to a conical flask and mixed with 0.5 g of sodium sulfide (Na-S). For digestion,
100 mL of NDF solution was added, and the flask was heated on a plate until the contents
started boiling. The Neutral Detergent Fiber (NDF) solution used for digestion typically
consists of sodium lauryl sulfate (SDS) as the primary detergent to solubilize cell contents
and hemicellulose while leaving behind fibrous components like cellulose, hemicellulose,
and lignin. It also contains EDTA (ethylenediaminetetraacetic acid) as a chelating agent
to bind divalent cations, preventing the formation of insoluble complexes, along with
sodium borate (borax) and sodium phosphate (Na:HPO.) as buffering agents to maintain
the solution’s pH. Additionally, octanol is included to reduce foaming during the boiling
process. This composition is designed to effectively digest plant material for fiber
analysis. The flask was then covered with another small flask to condense the steam

produced and enhance the digestion process. Digestion took 1% hours. The solution was
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then filtered through ordinary cloth with the help of a suction pump. The residue on the
cloth was washed with hot water. The collected sample was dried in an oven at 105°C for
a few hours until the weight became constant. The sample was reweighed, and the

percentage of NDF was calculated using the following formula:

NDF) = — 22— WD 49
o Weight of Sample

3.5.5 Quantification of acid detergent fiber content

To determine acid detergent fiber (ADF), 1.5 g of the dried sample was placed in a 500 mL
conical flask. About 100 mL of acid-detergent solution was added, and the flask was
covered with a 250 mL inverted conical flask. The mixture was heated to boiling for five
to ten minutes, then the heat was reduced to prevent foaming. Once boiling, the sample
was refluxed for 60 minutes with periodic shaking to prevent material from sticking to the
flask walls. After refluxing the contents were swirled and filtered using hot water and any
remaining traces of the ADF solution were removed by washing the residue with acetone
and the residue was then collected in a previously weighed crucible (W1) dried to a
constant weight and then weighed again (W2) to determine the final ADF content. The

ADF was calculated using the following formula:

ADF) = —2~ WD 3100
* = Weight of Sample

3.5.6 Quantification of acid detergent lignin (adl) content
Acid Detergent Lignin (ADL) determination is a method used to quantify the lignin content
in plant materials, which helps in understanding the fiber composition. The process

involves first extracting Acid Detergent Fiber (ADF) from the sample by treating it with
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an acid detergent solution to remove hemicellulose and other non-lignin components,
leaving behind lignin and cellulose. The remaining material is then subjected to a strong
acid, such as sulfuric acid, which dissolves the cellulose and isolates the lignin. The lignin
residue is filtered, washed, dried, and weighed to determine its content. This method, which
may not have been detailed in Chapters 2 and 3 of the manuscript, is crucial for analyzing
the fibrous content of plant materials, and its methodology should be clearly documented
in the methods section or any updates to the study to ensure accurate and reproducible

results.

3.5.7 In vitro dry matter digestibility (IVDMD) analysis

The In Vitro Dry Matter Digestibility (IVDMD) methodology involved preparing forage
or feed samples by drying them to a constant weight and then grinding them to a fine
powder. The ground samples were incubated with a buffer solution and digestive enzymes,
such as pepsin and pancreatin, at 39°C for 48 hours to simulate digestive conditions.
Following incubation, the digestion process was terminated, and the samples were filtered
to separate the undigested residue from the digestate. The residues were then dried again
and weighed. The IVDMD was calculated by comparing the weight of the initial dry matter
to the weight of the undigested residue, providing an estimate of the digestibility of the dry

matter in the sample as follows:

(Initial Dry Matter Weight — Initial Dry Matter Weight)
IVDMD (%) = - - -
Undigested Residue Weight

X 100
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3.5.8 Determination of nitrogen, phosphorus and potassium contents
As mentioned above, nitrogen content was quantified by micro-Kjeldahl digestion.
Phosphorus and potassium contents were determined by spectrophotometry and atomic

absorption following acid digestion of the samples (Okalebo et al., 2002).

3.6 Economic analysis of experimental treatments

To perform economic analysis, the total expenses of maize grain yield produced and total
income were calculated. Total costs were assessed from the price of all inputs and
husbandry practices comprising the price of land lease, land preparation, synthetic
fertilisers, organic fertilizers, plant seed cost and sowing, disease and pest management,
harvesting and threshing conferring to current market rates. The gross revenue was
estimated by multiplying the total grain produced based on the unit cost of maize in the
local market. The net returns were estimated as the difference between the total cost and
the gross income. The benefit-cost ratio (BCR) was estimated (Rana et al 2024) by dividing

the total benefits by total cost according to the equation:

_ Total Benefits
"~ Total Costs

3.7 Statistical analysis

Soils and crops data were subjected to analysis of Variance (ANOVA) using Genstat
version 14. Means were separated using Tukey’s test at 0.05% level of significance based

on the following statistical linear Model.



Xijk = p + ai + Bj + £ij +Yik + £ijk

Where Xijk = Total observation
K = overall mean
ai = Treatment effect (manure effect)
Bj = Block effect
£ij = Site effect
Yik = Interaction (manure *site)
£ijk = Experimental error

50
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CHAPTER FOUR

RESULTS

4.1 Initial soil fertility status at the study sites

Initial site characterization) indicated that soils at the study sites varied greatly. The soils
at the two sites were found to be moderately acidic (Table 4). Soil organic carbon content
was higher in Bumula compared to Kiboss. On the other hand, Kiboss site had higher

contents of N, P and K compared to Bumula.

Table 4: Initial soil chemical properties at the experimental site

Chemical parameter Field site Critical level and

reference
Bumula Kibos

pH 6.06 5.59 >55

%C 1.18 1.02 >0.2

%N 0.06 0.08 >0.2

P mg/kg 2.71 12.52 > 15 mg/kg)

K mg/kg 238 634 > 78-156 mg/kg

(NAAIAP (2014; Xu Tang, Yibing Ma, Xiying Hao, Xiuying Li, Jumei Li, Shaomin Huang

& Xueyun Yang 2009 )

4.2 Selected chemical nutrient contents of organic inputs used in the study at 30 days

of composting

Cattle (CM) showed superior nutrient quality with higher levels of measured nutrients
compared to Pressmud (PM) except higher total P levels in Pressmud (PM) compared to
cattle manure (CM) as indicated in Table 2. These nutrient levels were: 25% organic
carbon,1.5 % total N and 0.8% total K from Cattle manure (C M) compared to lower

nutrient levels of: 24.4 OC, 0.6% total N and 0.4% of total K observed in Pressmud (MD).
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However, Pressmud (PM) only indicated a higher 0.7% total P compared to 0.5 P % from

cattle manure (CM).

4.3 Effects of organic and inorganic soil amendments on soil properties at Bumula

and Kiboss in Western Kenya

4.3.1 Effects of soil amendments on soil pH at flowering and harvest maturity of maize
Effects of the soil amendments on soil pH were significant (p<0.05) at all sampling times
in Kibos and at crop harvest time in Bumula (Appendix 1-2). Soils amended with PM 30
had significant and consistently higher soil pH compared to the control in all sampling
times at both experimental sites Soils amended with the highest rate of inorganic P (TSP
30) had similar or lower pH compared to the control in all sampling times and at both
experimental sites (Fig 4.1). Arise in pH to values ranging from 6.0-6.6 occurred in plots
amended with Full rate, % rate, ’5 and % rate application of organic amendments while the
lowest pH (<6.0) was recorded at flowering stage from treatments that received the highest
rate of mineral fertilizers with or without ¥ rate of organic fertilisers. Similarly, these
treatments with reduced application of inorganic fertilizer resulted in increased pH at
harvest with values of 6.0-6.7. From these results, it is clear that the addition of composted
pressmud and or cattle manure resulted in consistent increase in soil pH while mineral
fertilizers reduced it to the level of the experimental control. Based on the study findings,
the highest increase in pH attained by the flowering time was 16.5% higher than plots that
were supplemented with the full rate of inorganic NPK fertilizers and the control treatment,
respectively compared to PM30. The results demonstrate that the addition of composted
organic amendments occasioned consistent increase in soil pH while mineral fertilizers

reduced it over the control. The two organic sources were effective at raising the soil pH.
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4.3.2 Effects of amendments on soil organic carbon of maize field at tasseling and
harvest stages at Bumula and Kibos in western Kenya during the growing season of
2021.

The effects of soil amendments on soil organic carbon content (OC) were significant
(p<0.05) at both the flowering and harvest stages in Bumula and Kibos sites (Appendix 3-
The organic carbon content reduced slightly at flowering in Bumula while the soil OC at
Kibos showed an increase from the initial content. At Bumula site, soils amended with CM
30 had the highest OC content (1.4%) while the control had the lowest soil OC (0.6%)
during the flowering stage (Fig 4.1). It was further observed that PM 30 application resulted
in the highest level of soil OC (2.2%) compared to all other treatments and the control at
maize flowering stage in Kibos (Fig 3). At harvest, PM30 recorded the best OC of 1.8%
and 2.7% for Bumula and Kibos sites, respectively. The control at both sites had the least
effect of soil OC with values of 0.6% and 1.3%, respectively for Bumula and Kibos at the
harvest stage. The results showed that most plots where organic amendments were applied
at full rate, % rate, ¥ and ' rate application, had the highest soil OC content at flowering
(1.3-2.2%) and harvest (1.4-2.7%) with Bumula recording lower soil OC contents in most
treatments compared to Kibos. The highest soil OC content at flowering in Kibos was
38.9% and 65.8% higher than plots that received the full dose of inorganic fertilizer and
the control treatment, respectively compared to PM30. The increase was more pronounced
at harvest with 71.1% and 99.1% higher than the plots applied full dose of inorganic

fertilizer and in the control treatment, respectively compared to PM30.
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Figure 4.1: Soil pH and organic carbon changes at Bumula and Kibos following treatment

application at crop flowering and harvesting stages

4.3.3 Effects of soil amendments on soil Nitrogen, Phosphorus and Potassium of maize
fields at Bumula and Kibos in western Kenya during the maize growing season of
2021

a) Total soil nitrogen

The application of organic amendments alone or in combination with inorganic fertilizer

did not significantly (p >0.05) increase soil N content (Appendix 5-6). Generally, soils
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amended with CM30 had higher levels of total N during all the sampling stages at Bumula
(fig 4). On the other hand, TSP 15 + CM 15 treatment enhanced the content of total N in
Kiboss at tasseling stage, but CM 30 amended soils had the highest total N at harvest in the
same site (Figure 5) Effects of soil amendments on total nitrogen content during flowering
and maize harvesting stages at Bumula and Kibos sites in Western Kenya during long rain

season of 2021

b) Soil phosphorus (P)

Treatment and site effects significantly (p< 0.05) influenced soil available P content at the
two sampling stages (Appendix 7-8). Site x Treatment interactions were not significant
(P>0.05). Pressmud (PM30) application contributed to the highest available soil P content
at flowering at both Bumula (25.55 mg P/kg soil) and Kibos (33.54) (Fig 4.2). The control
plots had the lowest phosphorus content of 3.84 mg P/kg soil at Bumula and 6.45 mg P/kg
soil at Kibos during flowering. Three to six-fold increases in soil P content were observed
at Bumula due to treatment inputs while two to four-fold increase was recorded at Kibos
site above the control at crop flowering stage. At the harvest stage, the treatments PM30
and TSP15+PM15 at Kibos with 59.39 and 63.44 mg/kg P, respectively, realized the
highest improved soil P contents (Figure 4). For the Bumula site, the most outstanding
treatment was PM30 at 39.61 mg P/Kg soil sampled at crop harvest. The lowest P contents
were observed from the control at both sites with 6.73 mg/kg P at Bumula and 7.02 mg
P/kg soil at Kibos sites. Application of organic amendments at full rate or in combination
with mineral fertilizer at all reduced rates of the organic fertilizer contributed to the highest

content of available soil P (20.11-63.44 mg P/Kg soil) across sampling stages.
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¢) Soil potassium (K)

Soil potassium (K) content (mg/kg) at tasseling and harvest stages did not increase
significantly (p>0.05) among treatments at both sites (Appendix 9-10). At tasseling, the
highest K levels were obtained for PM30 (1317.3 mg K/Kg soil) at Kibos and PM30 (638.3
mg K/Kg soil) at Bumula (Figure 3). At this sampling stage, the least recorded soil K
contents with mean values of 321 for TSP15+PM15 at Bumula and 802.3 for
TSP22.5+CM7.5 at Kibos site, respectively. PM30 treatment was the overall best at
increasing soil K compared to the control and most other fertilizer treatments. At harvest,
TSP 7.5 + CM22.5 showed the highest K content at both Kibos with (601.3 mg/kg) and
Bumula (349.3 mg /Kg soil) which was similar to PM30 (524 mg K/Kg soil). The least had
K levels TSP15+PM15 with 226.7 and was TSP22.5+CM7.5 with (349. mg/kg K) at

Bumula and Kibos, respectively.

Based on the results, application of organic amendments at full rate or in combination with
mineral fertilizer at all reduced rates of the organics contributed to the highest content of
available soil (412-1317 mg P/Kg soil) considered across sampling stages. The highest
increase in soil K content was 64.1% and 54.9% above the full dose of mineral fertilizer
and the control at Bumula site, while K increases of 59.5% and 14.7% above the full dose
of mineral fertilizer and the control were observed at Kibos that showed the highest soil K
content treatments at the flowering stage. The K content declined at harvest by 47.2% at
Bumula and 58.9 % at Kibos. This was observed in all treatments regardless of whether

PM or CM was added.
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Figure 4.2: Effects of soil amendments on total Potassium content during flowering and

maize harvesting stages at Bumula and Kibos sites in Western Kenya during long rain

season of 2021
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4.4 Effects of soil amendments on growth of maize at Bumula and Kibos in Western

Kenya during the maize growing season of 2021

4.4.1 Effects of soil amendments on plant height at Bumula and Kibos experimental
sites during the 2021 long rains season

The use of various organic, inorganic, and combined amendments enhanced maize growth.
Plant height varied significantly (p<0.05) among treatments at both sites (Appendix 11).
Significant (p<0.05) site x treatment interaction effect on height was observed for the
treatments. At Bumula, TSP7.5+CM22.5 achieved the tallest plants at 290.70 cm, while
the control recorded the lowest mean plant height of 239.20 cm (Figure 4.3). Plant height
under treatments TSP15+PM15 (283.90 cm) and TSP30 (282.905 cm) also exceeded that

of the control. At Kibos, TSP15+PM15 produced the tallest plants at 273.30 cm (Fig)
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Figure 4.3: Effects of soil amendments on plant height at Bumula and Kibos experimental

sites during the 2021 long rains season

4.4.2 Effects of soil amendments on leaf Number of maize at Bumula and Kibos
experimental sites during the 2021 long rains season

The analysis of mean leaf number at 75 days revealed significant differences (p<0.05)
among treatments at both Bumula and Kibos sites (Appendix 12). Site and site x treatment
interactions significantly influenced leaf number at tasseling stage. Overall TSP30
treatment consistently showed the highest leaf count at both sites, with 17.63 at Bumula
and 18.74 at Kibos (figure 4.4), significantly outperforming other treatments and the
control. At the Bumula site, the highest mean number of leaves was observed with the
TSP30 treatment, which had 17.63 leaves per plant. Other notable treatments include

TSP15+PM15 (17.15 leaves) and TSP22.5+CM7.5 (17.44 leaves). The treatment
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TSP15+CM15 recorded the lowest number of leaves per plant (16.04), but was similar to
PM22.5+CM?7.5 (16.04), control (16.11) and PM15+CM15 (16.1513). At Kibos, TSP30
application also produced the highest mean leaf number per plant (18.74). TSP15+PM15
(18.26) and TSP7.5+PM22.5 (18.70) also gave notable increases in mean leaf number. The
lowest number of leaves per plant at Kibos was observed under the PM15+CM15 (16.56)
treatment. Based on the results from this study, reduced application of inorganic P at 1/3,
1/2 or 3/4 of the recommended rate in combination with organic P achieves a similar leaf
number as full rate inorganic P supply with better response from PM as the organic

amendment.
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Figure 4.4: Effects of soil amendments on leaf Number of maize at Bumula and Kibos

experimental sites during the 2021 long rains season
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4.4.3 Effects of soil amendments on leaf area index of maize at Bumula and Kibos
experimental sites during the 2021 long rains season
Treatment effects were significant(P<0.05) on Leaf area index of maize at tasseling stage

(Apendix 13); site and site x treatment interaction was also significant (P< 0.05).

Treatment TSP30 had the highest value at 8.87, while the control had the lowest mean of
5.67 (Figure 7). Other highly effective treatments were TSP15+PM15 (8.70) and
TSP22.5+CM7.5 (8.50). At Kibos, plants supplied with TSP22.5+PM7.5 had the highest
leaf area index of 7.82 Other promising treatments include TSP 30 (7.70) and
TSP15+PM15 (7.70). The Control had the lowest mean LAI (5.23) and was similar to the
PM15+CM15 (5.26) treatment. In summary, inorganic P application at 1/3, 1/2 or 3/4 of
the recommended dose in combination with organic P results in a similar leaf area index

as the full rate application of inorganic P, regardless of the organic amendment included.
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Figure 4.5: Effects of soil amendments on leaf area index of maize at Bumula and Kibos

experimental sites during the 2021 long rains season

4.4.4 Treatment Applications effects of soil amendments on stem girth of maize at
Bumula and Kibos experimental sites during the 2021 long rains season

The applied soil fertility inputs significantly (P<0.05) led to improved maize plant stem
girth at Bumula and Kiboss study sites (Appendix 14.) Site and site-treatment interactions
significantly (P<0.05) influenced stem girth. At Bumula, the TSP15+PM15 treatment had
the largest mean girth of 2.82 cm, with the lowest stem girth of 1.53 cm being observed
from the control (Figure 7). TSP30 application resulted in the largest stem girth of 2.20

cm at Kibos. while the control (1.89 cm) recorded the lowest stem girth.
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Figure 4.6: Effects of soil amendments on stem girth of maize at Bumula and Kibos

experimental sites during the 2021 long rains season

4.5 Nutrient N, P, and K content in maize leaves at silking stage (R1) as influenced by
integrated application of organic and inorganic fertilizers at Bumula and Kibos in the

long rain season of 2021

4.5.1 Effects of soil amendments on plant tissue nutrient %N, P and K uptake at
Bumula and Kibos experimental sites during maize silking in the 2021 long rains
season

The treatment effects on leaf Nitrogen (N) content uptake were significant at Kibos, but
not in Bumula (Appendix 15). The highest leaf N concentration at Kibos was observed in
plants supplied with PM10+CM10+TSP10 followed by TSP30 (Table 5). The phosphorus
(P) content in the leaf was significantly (P<0.05) different among treatments only in
Bumula, but no treatment effects were detected in Kibos (Appendix 16). A higher P

concentration on leaves were recorded in plants supplied with PM 30 at Bumula site.
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Generally, leaf P concentration on plant leaves was 40% higher in Kibos than Bumula
(Table 4.5). Treatment effects on leaf potassium (K) content were significant (P<0.05) at
Kibos (Appendix 17). The highest leaf K concentartion observed was under the treatment

TSP30, which recorded a mean value of 3.2 at Kibos site.
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Table 5 Effects of soil amendments on leaf nutrient content (%) of N, P and K uptake at Bumula and Kibos experimental sites during

maize harvesting stage in the 2021 long rains season

% N in leaves % P in leaves % K leaves

Treatment Bumula Kibos Bumula Kibos Bumula Kibos
CONTROL 0.43+0.14 0.45+0.022 0.09+0.032 0.17+0.022 1.08+0.15 2.0+0.122
CM30 0.69+0.08 0.71+0.078bcd 0.18+0.02° 0.24+0.04% 2.46+0.14 2.24+0.21%
PM10+CM10+TSP10 0.76+0.04 1.05+0.03¢ 0.17+0.01° 0.31+0.01° 2.68+0.09 2.92+0.10%
PM15+CM15 0.63+0.02 0.78+0.148bed 0.17+0.012 0.23+0.03% 2.32+0.20 2.85+0.2]8bc
PM22.5+CM7.5 0.69+0.02 0.79:0.0520 0.16+0.012 0.28+0.05%° 2.55+0.13 2.74+0.162°
PM30 0.74+0.04 0.74+0,042c 0.20+0.00? 0.23+0.04 2.36£0.29 2.64+0.062°
PM7.5+CM22.5 0.61+0.07 0.88+0.05° 0.16+0.00% 0.28+0.01% 2.53+0.14 2.85+0.122¢
TSP15+CM15 0.63+0.07 0.79+0.0820«d 0.17+0.02% 0.27+0.02% 2.58+0.20 3.00£0.24b®
TSP15+PM15 0.76+0.02 0.98+0.16¢ 0.18+0.012 0.27+0.03% 2.2620.26 2.360.23%¢
TSP22.5+CM7.5 1.00£0.21 0.62+0.082° 0.18+0.012 0.23+0.00% 2.3620.20 3.03+0.03%¢
TSP22.5+PM7.5 0.69+0.10 0.80+0.0920<d 0.18+0.022 0.23+0.03% 2.45+0.30 3.07+0.382
TSP30 0.84£0.13 1.01+0.07¢ 0.18+0.022 0.28+0.02% 2.36£0.19 3.20£0.10°
TSP7.5+CM22.5 0.67+0.05 0.78+0.052c 0.16+0.01%° 0.20+0.04 2.390.15 2.94+0.22%¢
TSP7.5+PM22.5 0.83+0.11 0.59:0.05% 0.16+0.022 0.21+0.022° 2.39+0.51 2.91+0.262°
MEAN 0.72 0.78 0.17 0.24 2.34 2.74
cVv 19.2 174 13.0 15.9 17.2 11.1
LSD Ns 0.22 0.03 Ns Ns 0.51

Means followed by different letters are significantly different at p< 0.05 for every factor assessed. Means were separated using the
Tukey test. The data presented are means+SE
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4.5.2 Effects of soil amendments on N, P and K nutrient content of maize grain at
Bumula and Kibos experimental sites during maize harvesting stage in the 2021 long
rains season

Application of soil amendment did not significantly (P>0.05) influence grain N contents at
both experimental sites (Appendix 18). The analysis revealed that the highest grain N
concentration in the grain was achieved under TSP30 treatment at the Bumula site, with a

mean value of 0.80 (Table 6).

Organic and inorganic amendments had no significant (P>0.05) effects on grain
phosphorus (P) content at both experimental sites (Appendix 19). Grain analysis revealed
that the highest treatment P content was recorded in PM30 supplied plants from Kibos site
while the lowest was TSP15+PM15 with mean value of 0.08 from the same site (table 6).
Soil amendments had no significant effects on Potassium (K) content of maize grain across
the Bumula and Kibos study sites (Appendix 20) The results showed that the highest K
uptake in grain was obtained under TSP7.5+CM22.5 application with value of 0.37 at

Kibos site while the lowest was TSP15+PM15 with value of 0.20 at Bumula (Table 6).
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Table 6 Maize grain N, P, and K content (% in grain) as influenced by integrated

application of organic and inorganic fertilizers at Bumula and Kibos in the long rain season

of 2021.
Grain% N content Grain %P content Grain %K content

Treatment Bumula Kibos Bumula Kibos Bumula Kibos
CONTROL 0.60£0.04  0.61+0.05 0.10+0.01 0.14+0.04  0.25+0.02  0.34+0.02
CM30 0.63£0.04  0.51+0.03  0.11+0.01  0.13+0.02  0.31+0.08  0.28+0.04
PM10+CM10+TSP10 0.64+0.05 0.58+0.03  0.10+0.01  0.10+0.02  0.23+0.05 0.26+0.04
PM15+CM15 0.61£0.05 0.62+0.07 0.14+0.03  0.16+0.02  0.28+0.03  0.31+0.01
PM22.5+CM7.5 0.62+0.12 0.56+0.03  0.11+0.00  0.14+0.03  0.25+0.03  0.29+0.03
PM30 0.69+0.08 0.62+0.08  0.10+0.00 0.17+0.02  0.28+0.03  0.31+0.04
PM7.5+CM22.5 0.57£0.04  0.59+0.04 0.11+0.00 0.11+0.02  0.23+0.04  0.29+0.04
TSP15+CM15 0.59+0.03 0.57+0.03  0.11+0.01  0.10+0.00  0.26+0.05  0.23+0.03
TSP15+PM15 0.60+£0.04  0.60+0.04 0.11+0.01 0.08+0.00  0.20+0.01  0.20+0.04
TSP22.5+CM7.5 0.72£0.04  0.60+0.04 0.11+0.02 0.11+0.02  0.23+0.00  0.23+0.03
TSP22.5+PM7.5 0.73£0.03  0.58+0.03  0.11+0.01  0.12+0.03  0.26+0.03  0.32+0.03
TSP30 0.81+0.10  0.58+0.03  0.11+0.01  0.13+0.01  0.31+0.11  0.31+0.03
TSP7.5+CM22.5 0.59+0.03 0.56+0.02 0.11+0.02 0.09+0.00 0.32+0.00  0.37+0.07
TSP7.5+PM22.5 0.71£0.09  0.56+0.01 0.12+0.03  0.14+0.03  0.20+0.01  0.29+0.04
MEAN 0.65 0.58 0.11 0.12 0.26 0.29
cv 16.4 10.8 22.4 29.2 30.4 23.3
LSD Ns Ns Ns Ns Ns Ns

Means followed by different letters are significantly different at p< 0.05 for every factor
assessed. Means were separated using the Tukey test. The data presented are means+SE

4.5.3 Effects of soil amendments on N, P and K nutrient content of maize stover at
Bumula and Kibos experimental sites during maize harvesting stage in the 2021 long
rains season

Organic and inorganic amendment effects on stover nitrogen (N) content were not
significant (P>0.05) (Appendix 21). The highest N content on stovers were obtained in

plots amended with TSP15+PM15 at Kibos site with mean value of 0.32 and the lowest
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was TSP7.5+CM22.5 (Table 7). On the other hand, treatment effects on phosphorus (P)

content of stovers were significant (P<0.05) at both Bumula and Kibos (Appendix 22). The

highest P level were obtained for PM10+CM10+TSP10 with a value of 0.21 in Kibos site

while the lowest was found in Control with mean value of 0.11. The organic and inorganic

amendment effects on stover K content were not significant (P>0.05) at Bumula and Kibos

(Appendix 23) The highest stover K content was recorded in plants amended with

TSP22.5+PM7.5 with mean value of 1.92 while the lowest was recorded in plots supplied

with TSP15+PM15 with value of 0.54 (table 7).

Table 7: Effects of soil amendments on stovers N, P and K uptake at Bumula and Kibos
experimental sites in the 2021 long rains season

%N in Stovers

% P in Stovers

% K in Stovers

Treatment Bumula Kibos Bumula Kibos Bumula Kibos
CONTROL 0.19+0.01 0.21+0.02  0.06+0.00 0.11+0.03 0.57+0.06 1.43+0.24
CM30 0.22+0.02  0.25+0.05  0.09+0.00 0.16+0.01 0.60+0.07 1.43+0.08
PM10+CM10+TSP10 0.17+0.02  0.23+0.02  0.08+0.00 0.21+0.01 0.73+0.11 1.76+0.08
PM15+CM15 0.22+0.04  0.21£0.03  0.08£0.01 0.16+0.02 0.63+0.11 1.57+0.23
PM22.5+CM7.5 0.22+0.01  0.23#0.03  0.09+0.00 0.15+0.02 0.73+0.09 1.76+0.13
PM30 0.21+0.03  0.19+0.02  0.08+0.02 0.15+0.01 0.57+0.07 1.63+0.16
PM7.5+CM22.5 0.19+0.01  0.23#0.01  0.08£0.01 0.15+0.02 0.65+0.10 1.73+0.31
TSP15+CM15 0.19+0.02  0.27£0.04  0.07£0.00 0.14+0.01 0.60+0.05 1.54+0.08
TSP15+PM15 0.19+0.03  0.33+0.07  0.0840.00 0.13+0.03 0.54+0.14  1.63+0.08
TSP22.5+CM7.5 0.20+0.03  0.26+0.02  0.07+0.01 0.13+0.02 0.60+0.19 1.70+0.18
TSP22.5+PM7.5 0.27£0.04  0.19+0.00  0.08£0.01 0.12+0.01 0.63+0.17 1.93+0.17
TSP30 0.28+0.04  0.21+0.02  0.08£0.01 0.12+0.01 0.63+0.18 1.57+0.09
TSP7.5+CM22.5 0.14+£0.02  0.2240.02  0.07+0.01 0.12+0.02  0.65%0. 1.76+0.12
TSP7.5+PM22.5 0.27£0.04  0.21+£0.05  0.09+0.02 0.15+0.02 0.57+0.15 1.48+0.23
MEAN 0.21 0.23 0.08 0.15 0.62 1.64
cVv 22.4 23.9 15.3 20.2 33.2 18.4
LSD Ns Ns Ns Ns Ns ns

Means followed by different letters are significantly different at p< 0.05 for every factor
assessed. Means were separated using the Tukey test. The data presented are means+SE

ns not significant.
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4.5.3 Effects of soil amendments on Forage N, P and K uptake at Bumula and Kibos
experimental sites during the 2021 long rains season

Effects of soil amendments on N, P and K content of maize forage were not significant.
Plants treated with TSP15+CM15 had the highest N content, with mean value of 0.41
(Table 8) PM22.5+CM7.5 content with value of 0.16 and the lowest was TSP30 with value
of 0.09 at Kibos. The decline in N content under CM30 could be attributed to the slow
mineralization rate of organic nitrogen in high manure doses, which may have temporarily
immobilized N due to high carbon-to-nitrogen (C:N) ratios. Excess organic matter can also
enhance microbial activity, increasing N immobilization and reducing the fraction of
inorganic N available for plant uptake. Additionally, high manure application rates may
have elevated soil moisture and reduced aeration, thereby limiting nitrification and root
uptake efficiency. There was negligible variability in forage P content among treatments
at both sites. The highest K observed was observed under PM15+CM15 with value of 1.36

and the lowest recorded was Control with mean value of 0.44, respectively (table 8).
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Table 8: Effects of soil amendments on Forage N, P and K uptake at Bumula and Kibos experimental sites during maize harvesting

stage in the 2021 long rains season.

%N Forage

% P Forage

% K Forage

Treatment Bumula Kibos Bumula Kibos Bumula Kibos
CONTROL 0.28+0.01 0.28+0.04 0.10+0.01 0.16+0.01 0.45%0.00 1.13+£0.07
CM30 0.28+0.02 0.3040.01 0.11+0.01 0.13+0.02 0.69+0.18 1.22+0.09
PM10+CM10+TSP10 0.32+0.02 0.32+0.02 0.11+0.01 0.13+0.01 0.72+0.03 0.93+0.03
PM15+CM15 0.31+0.02 0.40+0.04 0.12+0.00 0.13+0.01 0.66+0.08 1.36+0.13
PM22.5+CM7.5 0.33+0.01 0.35+0.02 0.11+0.01 0.16+0.00 0.72+0.10 1.19+0.01
PM30 0.38+0.01 0.36+0.03 0.11+0.01 0.15+0.01 0.65%0.09 1.08+0.03
PM7.5+CM22.5 0.29+0.02 0.35+0.02 0.10+0.01 0.15+0.03 0.83+0.04 1.31+£0.03
TSP15+CM15 0.31+0.00 0.41+0.02 0.10+0.01 0.15+0.00 0.77+0.17 1.26+0.13
TSP15+PM15 0.31+0.00 0.34+0.03 0.11+0.01 0.15+0.01 0.56+0.02 1.13+0.04
TSP22.5+CM7.5 0.30+0.00 0.36+0.04 0.09+0.01 0.12+0.01 0.57+0.03 1.27+0.20
TSP22.5+PM7.5 0.31+0.02 0.38+0.03 0.11+0.01 0.14+0.02 0.69+0.18 0.85+0.20
TSP30 0.36+0.04 0.35+0.03 0.09+0.00 0.14+0.01 0.63+0.06 1.03+0.04
TSP7.5+CM22.5 0.30+0.01 0.36%0.02 0.0940.00 0.14+0.01 0.74+0.02 1.17+0.09
TSP7.5+PM22.5 0.34+0.03 0.34+0.02 0.10+0.01 0.15+0.01 0.69+0.18 1.00+0.05
MEAN 0.32 0.35 0.1 0.14 0.67 1.14
cVv 10.8 13.3 14.1 14.5 27.6 15.7
LSD NS NS NS NS NS NS

Means followed by different letters are significantly different at p< 0.05 for every factor assessed. Means were separated using the

Tukey test. The data presented are means=SE
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4.6 Yield of maize forage and grain

4.6.1 Effects of soil amendments on dry matter yield of forage grown at Bumula and
Kibos in Western Kenya during the maize growing season of 2021

At Bumula site, all the treatments enhanced forage dry matter yield of maize compared to
the control (P<.001). At the same site, soil amendment with PM10+CM10+TSP10 gave
the highest dry matter yield followed by TSP15+PM15, and the respective dry matter
increase from the control was 3.501 tons/ha and 3.41 tons/ha (Fig 4.7). Generally, CM 30
gave the least dry matter yield increase compared to the control in Bumula. In Kibos
experimental site, plants amended with TSP22.5+PM7.5 had higher forage dry matter yield
compared to four other soil amendments (P=.014), and 67% over the control which was

the highest compared to any other amendment.
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Figure 4.7: Forage dry matter yield as affected by fertilizer application at Bumula and

Kibos sites in the long rain season of 2021
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4.6.2 Effects of soil amendments on maize grain yield at Bumula and Kibos in Western
Kenya during the maize growing season of 2021

According to the data in Figure 4.8, the application of both organic and inorganic fertilizers
significantly (P<0.05) affects the grain production of maize at both the Bumula and Kibos
locations (Appendix 28). At Bumula, the TSP15+PM15 treatment yielded the most grain
(4.6 T/ha), followed by TSP30 (4.5 T/ha). Grain production was lowest in plots without
amendment, averaging 1.5 T/ha. At Kibos, the highest yields were TSP15+PM15 (4.4
T/ha), TSP22.5+PM7.5 (4.38 T/ha), and TSP30 (4.2 T/ha), while the lowest yield was the
control, which had 1.26 T/ha. According to these results, a number of fertilizer
combinations significantly raised grain yield; at both sites, the TSP15+PM15 treatment had
the strongest effects (Fig 4.8). Inorganic P must be applied at a minimum rate of 15 kg ha-
1 in combination with organic P to achieve a grain yield equivalent to that of a full rate of
inorganic fertilizer application. In treatments with lower inorganic P (1/4, 1/2, or 3/4 rate
administered), combinations with PM performed better than inorganic/organic
combinations with CM. Additionally, the results were influenced by site characteristics; on

average, Bumula recorded higher grain yields than Kibos.
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Figure 4.8: Maize grain yields as affected by fertilizer application at Bumula and Kibos

sites in the long rain season of 2021

4.7 Effects of different organic amendments integrated with inorganic fertilizer on

the forage quality of maize

Application of TSP 15 + CM 15 consistently enhanced protein content of fodder maize at
both experimental sites by more than 85% over the control, which was higher than any
other treatment (Table3). It was further observed that the % dry matter of maize forage
increased the most (15% over the control, P<.001) in soil amended with PM22.5+CM7.5
at Bumula; similarly, the same soil amendment and PM 30 enhanced the % dry matter of
the forage compared to the control and TSP 30 at Kibos (Table 3). Generally, all the soil
amendments enhanced the digestibility of maize forage compared to the control, and all
except three soil amendments in Kiboss gave plants with in vitro dry matter digestibility
above 60% (Table 3). It was further observed that plants that received all the 13 organic
and inorganic amendments had the recommended %NDF value of less than 50%. Plants

treated with TSP22.5+PM7.5 had the lowest NDF value of 40.47 at kiboss, while soil
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amendment TSP7.5+CM22.5 gave the least NDF value of less than 40% at Bumula, which
were good indicators of quality (Table 3). The effects of soil amendments on %ADF of
maize fodder were not significantly different from the control (Table 9). However, all the
treatments except the control at Kiboss site had maize plants with %ADF values within the
required ADF level of less than 35%. At Bumula site, nine soil treatments gave plants with

ADF level above the 35% quality threshold.
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Table 9: Effects of organic and inorganic soil amendments on forage quality traits of maize plants in a field experiment conducted in two
experimental sites in Western Kenya during the long rain season of 2021

Bumula Kiboss

Dry matter Crude Dry Crude
Amendment % IVDMD%  ADF % NDF % protein% matter % IVDMD% ADF % NDF % protein%
CM30 19.47% 67.27 37.80 45.96 4.23¢0 21.032 62.70 35.54  48.81% 4.2430
CONTROL 14.00° 53.12 43.90 52.38 3.17f 21.034 52.60 37.73 52.032 3.29°
PM10+CM10+TSP10 21.29" 67.94 34.30 47.95 4,76 19.815 58.50 3155 43.12% 4,823
PM15+CM15 23.55® 70.27 38.60 40.36 3.73¢ 23.693 65.50 31.77  47.42% 5.44%
PM22.5+CM7.5 29.232 69.68 39.00 44.69 4.28cde 25.493 60.90 32.63 47.25® 4.33%
PM30 25.25% 69.72 36.20 41.82 4,77bcd 26.623 66.10 34.41  48.70% 4,213
PM7.5+CM22.5 25.59® 64.90 31.90 45.85 3.71¢ 21.509 66.40 31.90 47.98% 5.53%
TSP15+CM15 20.78% 65.28 35.80 44.84 7.082 21.976 60.00 33.94 47.58® 6.142
TSP15+PM15 21.26% 70.88 37.30 40.14 4.82bcd 18.88 62.90 29.79  40.87® 5.15%
TSP22.5+CM7.5 23.70® 66.54 38.30 41.68 5.220 20.732 65.20 33.06 45.47% 4,592
TSP22.5+PM7.5 22.15% 63.33 30.40 41.62 3.87¢ 22.094 66.60 30.09 40.47° 5.528
TSP30 24.11% 60.77  33.40 47.44 5.03%¢ 20.213 59.20 30.95 46.97® 5.42%
TSP7.5+CM22.5 22.93® 62.71 31.60 39.52 4.08¢% 17.793 62.00 32.87 47.62a 4,452
TSP7.5+PM22.5 23.71 68.53 36.40 47.20 4.75bcd 21.781 56.70 2223  43.63® 4.41230
SED 2.02 4.78 6.34 3.64 0.41 3.35 5.30 4.11 3.10 0.72

P value <.001 0.06 0.807 0.06 <.001 0.47 0.32 0.19 0.05 0.05
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4.8 Effects of soil amendments on economic benefit of maize production at Bumula

and Kibos in Western Kenya during the long rains growing season of 2021

Treatments TSP15+PM15 and PMZ22.5+CM7.5 gave the highest net profit of $
1,441.93and $ 1,348.22, respectively at Bumula site, while TSP15+CM15 and
TSP15+PM15 were the most profitable amendments at Kibos site with net profit value of
$ 1,361.88 and $ 1,326.22, respectively (Table 10). Based on profit cost ratio (BCR), a
blend of inorganic fertilizer and cattle manure at 50% of the P supply (TSP 15 + CM 15)
had the topmost BCR values of 2.53 and 2.56 at Bumula and Kibos, respectively This was
followed by PM22.5 +CM7.5 with BCR values of 2.37 at Bumula and 2.06 at Kibos. TSP
15 +PM 15 ranked third with BCR values of 2.10 and 1.93 for Bumula and PM7.5+CM22.5
with BCR of 2.18 Kibos sites, respectively. This treatment performed the same way as
PM10 +CM10 + TSP 10 with BCR of 2.03 and 1.90 at Bumula and Kibos, respectively.
Farmers stand to get profit from use of the treatments highlighted. Sole application of
composted pressmud (PM30) or cow manure (CM30) were least profitable for maize

production despite the yield improvement over the unfertilized crop.



Table 10: Economic analysis and benefit cost ratio of different fertilizers treatments of the experiment

Treatment Total Gross income (USD ha) Netincome (USD ha') Benefit Cost Ratio

expenses (BCR)

(USD ha!)  Bumula Kibos Bumula  Kibos Bumula Kibos
CONTROL 457.96 671.11 573.91 213.14 115.95 0.47 0.25
TSP30kg P 821.58 2,059.60 1,943.89 1,238.02 1,122.31 151 1.37
PM30kg P 555.78 1,069.14 1,096.91 513.36 541.13 0.92 0.97
CM 30kg P 593.42 1,069.14 851.61 475.72 258.19 0.80 0.44
TSP 15+PM15 687.10 2,129.03 2,013.32 144193 1,326.22 2.10 1.93
TSP 22.5+PM7.5 755.13 1,994.81 1,906.87 1,239.67 1,151.73 1.64 1.53
TSP 7.5+PM22.5 622.24 1,531.97 1,596.77 909.73 974.53 1.46 1.57
TSP 15+CM15 531.11 1,874.47 1,892.98 1,343.36 1,361.88 2.53 2.56
TSP 22.5+CM7.5 767.26 1,541.23 1,735.62 773.97 968.36 1.01 1.26
TSP 7.5+CM22.5 658.58 1,064.51 1,545.86 405.93 887.27 0.62 1.35
PM 15+CM15 580.02 1,416.27 1,481.06 836.25 901.04 1.44 1.55
PM 22.5+CM7.5 567.90 1,916.12 1,735.62 1,348.22 1,167.72 237 2.06
PM 7.5+CM22.5 567.59 1,647.68 1,805.04 1,080.09 1,237.45 1.90 2.18
PM 10+CM10+TSP10 660.34 1,999.43 1,916.12 1,339.10 1,255.79  2.03 1.90

The exchange rate of Dollar to Kenya shilling was 1 USD = 110.21 KSH
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CHAPTER FIVE

DISCUSSION

5.1 Soil chemical properties at the experimental sites

The findings from the Bumula and Kibos experimental sites point to a number of important
areas of soil fertility and health that require attention. Most crops thrive at both locations'
moderate pH values. According to Zhao et al. (2020) a pH of about 6 is normally
appropriate for nutrient availability and microbial activity thus indicating that pH is not a
significant limiting factor for crop development. The low soil organic carbon at both sites
indicates a deficiency in organic matter which according to Lal (2019), organic carbon is
crucial for maintaining soil fertility, structure and microbial health. Low levels therefore
often result from erosion, intensive land use or limited organic matter inputs which concurs
with Guo and Gifford (2002) findings which indicated that tropical soils frequently have

low organic carbon due to poor organic inputs and rapid decomposition.

Nitrogen levels were also extremely low reflecting a severe nutrient deficit. Nitrogen is
essential for plant growth notably for vegetative development and chlorophyll synthesis
and its deficiency can markedly reduce crop yields according to Jones et al., 201 and Khalid
et al., 2023). Adequate nitrogen supports biomass accumulation and leaf expansion which
in turn improves grain yield (Mutinda et al., 2023). The low nitrogen at Bumula and Kibos
may be attributed to leaching, limited nitrogen fixation, or insufficient manure application

which is consistent with findings by Jones et al. (2019).

Phosphorus content varied notably between sites, with Bumula at 2.71 mg/kg and Kibos at
12.5 mg/kg which is vital for energy transfer and photosynthesis according to (Smith et al.,

2019). Low levels in Bumula may be attributed to inherent soil deficiencies, high
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phosphorus fixation or probably from limited fertilization all of which can restrict plant
growth and yield. This variation supports Smith et al. (2019) observation that phosphorus

availability differs across soils and management practices.

Potassium levels on the other hand also differed with Bumula at 238 mg/kg and Kibos at
634 mg/kg. In general soils with less than 150 mg/kg K are considered deficient, making
both sites above the absolute deficiency threshold but still highlighting a notable disparity
as it is critical for water regulation and enzyme activation in plants as indicated by
Marschner (2012). The higher potassium in Kibos likely reflects better soil management
or more favorable conditions, whereas the lower levels in Bumula may result from leaching
or inadequate fertilizer input, consistent with Marschner’s (2012) observations on

variability in potassium availability.

5.2 Selected chemical characteristics of manure used in the study

The compost analysis after 30 days of composting process showed that cattle manure (CM)
had higher total nitrogen and potassium compared to pressmud (PM)., CM's higher
nitrogen and potassium levels are attributed to its richer nutrient content, consistent with
findings by Reddy et al. (2020) and Li et al. (2021). PM, however, had slightly lower
organic carbon (24.4%) compared to CM (25%), a difference linked to the feedstocks and
processing methods (Bhattacharyya et al., 2019). PM did have a marginally higher
phosphorus content (0.7%) than CM (0.5%), reflecting its enrichment from plant material,
as supported by Zhang et al. (2019) and Mandal et al. (2021). Overall, CM was a better
source of nitrogen and potassium, while PM was richer in phosphorus, suggesting the

suitability of the materials in addressing soil fertility needs in the study area.
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5.3 The Effect of integrated application of organic amendments and reduced

inorganic fertilizer on soil properties

5.3.1 Effect of integrated application of organic amendments and reduced inorganic
fertilizer on soil pH

The analysis of soil pH at both the flowering and harvest stages for maize indicated no
significant differences across or within the sites. At the Bumula site, there was an observed
increase in pH with certain treatments compared to the control during flowering.
Specifically, the PM22.5+CM7.5 treatment recorded the highest pH at 6.5, while the
Control had the lowest pH at 5.58. These values were above pH 5.5 critical level for soil
nutrients availability. The increase in soil pH may be attributed to the content of
macronutrient in the pressmud and cattle compost such as Ca*", Mg?* and K* during
mineralization that may have replaceded H*and AI** ions (Sher et al, 2022) and the
buffering effect of decomposition products like humus, which likely helped to neutralize
soil acidity to some degree (Miller et al., 2020). At crop harvest, the highest pH of 6.5 was

recorded for the PM30 treatment.

Similarly, at the Kibos site pH increased slightly with treatment application although the
change was not statistically significant. The PM30 treatment had the highest pH at 6.49,
while the Control treatment had the lowest at 5.6 at the flowering stage. At harvest, the
PM30 treatment had the highest pH at 6.23, and TSP30 had the lowest at 5.7. Miller et al.
(2020) reported that organic amendments could significantly alter pH, especially in acidic
soils, which aligns with the increased pH observed in the present study. Some studies have
shown that soil pH may remain stable under different fertiliser treatments depending on the

soil’s buffering capacity and duration of amendments (Zhang et al., 2022). Additionally,
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Wang et al. (2021) observed that phosphorus treatments might lead to soil acidification in

some cases, as observed with the TSP30 treatment in the current study.

5.3.2 Effect of integrated application of organic amendments and reduced inorganic
fertilizer on soil organic carbon

The analysis of soil organic carbon (OC) content at both flowering and harvest stages for
maize revealed significant differences (p < 0.05) among treatments at the Bumula and
Kibos sites. Although CM 30 plots had the highest OC content during the flowering stage
for the Bumula site, the PM30 treatment consistently resulted in higher soil OC levels than
the control treatment, which had the lowest OC levels at both sites and stages. For the
Bumula and Kibos sites, PM30 recorded the best OC at harvest, 1.8% and 2.7%,
respectively. The largest increases in soil OC were caused by the organic amendments

being applied alone.

The differences in elevation between the two sites likely influenced soil organic carbon
levels with higher elevations such as Bumula, experience cooler temperatures and distinct
precipitation patterns compared with lower areas like Kibos. These notable climatic
conditions can slow the decomposition of organic matter and affect the accumulation of
soil organic carbon, as lower temperatures reduce microbial activity (Kumar et al., 2021).
In contrast, warmer temperatures at lower elevations may accelerate decomposition and

alter how organic matter is incorporated into the soil.

Soil physical and chemical properties also vary with elevation, influencing how organic
amendments like pressmud affect organic carbon levels (Zhang et al., 2022). Soils at higher
altitudes may retain moisture better or have different mineral compositions, which can

modify their response to added organic matter. Elevation can further shape vegetation
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cover and land-use practices, both of which impact soil organic carbon dynamics.
Differences in plant types and management techniques between high and low elevations
can determine the baseline organic carbon and the effectiveness of soil amendments (Singh

et al., 2019).

These observations are consistent with other studies that report altitude-related variability
in soil properties and organic carbon content. For example, Verma et al. (2022) highlighted
that altitude and associated climatic factors significantly impact soil organic matter

dynamics, which aligns with the observed differences between the Bumula and Kibos sites.

5.3.3 Effect of integrated application of organic amendments and reduced inorganic
fertilizer on soil nitrogen content

The results showed that the TSP15+CM15 treated soils had the highest nitrogen content at
the flowering stage in Kibos. CM 30 treated soils from the same site had higher soil N
content at crop harvest. The highest %N in the TSP15+CM15 treatment can be attributed
to the high initial N input from CM, and the combined effects of phosphorus (TSP) and
organic matter. Phosphorus enhances microbial activity, which can boost nitrogen
mineralization, while organic matter provides a continuous source of nitrogen and
improves soil structure, enhancing nutrient retention and reducing leaching (Smith et al.,
2019). In contrast, the control treatment, which did not receive any additional nutrients,
showed the lowest %N. This highlights the reliance of soil fertility on nutrient amendments,

as the control lacked the supplementary nutrients needed to increase soil nitrogen content.

These findings are consistent with those of Singh et al. (2020), who observed that
phosphorus and organic amendments significantly enhanced soil nitrogen content due to

increased microbial activity and improved soil organic matter. Lee et al. (2021) also
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reported that the combination of phosphorus and organic amendments led to higher soil
nitrogen levels, aligning with the results observed in this study. Kim et al. (2019) further
supported these findings by noting that phosphorus and organic matter amendments
improved soil nitrogen availability, though the extent varied depending on soil type and

environmental conditions.

5.2.4 Effect of integrated application of organic amendments and reduced inorganic

fertilizer on soil phosphorus content

The PM30 treatment's effectiveness in boosting soil phosphorus levels align with findings
by Chaudhary, Singh & Gupta (2020) who noted that pressmud significantly increases soil
phosphorus availability due to its high phosphorus content. The observed differences
between Bumula and Kibos, despite identical treatments, may be related to initial soil
phosphorus levels and how altitude influences phosphorus dynamics. Zhang et al. (2022)
highlighted that soil properties, including initial nutrient levels and environmental factors
such as altitude, can impact the effectiveness of phosphorus amendments, aligning with the

variations observed in this study.

The present study further revealed various increases in available soil P content (1.5 to 6-)
between flowering and harvest stages at both sites particularly in treatments with organic
amendments. This could be attributed to a change in plant nutrient uptake and utilization
dynamics, favouring accumulation of P in the soil during grain development. Besides P-
acquisition from soil, plants employ internal P recycling mechanisms to meet their P needs
(Zhang et al., 2022) During the grain filling period the P reserve in vegetative organs is
progressively recycled to support the growth of developing grains even under P deficiency.

This points to a possible shift from reliance on P uptake to recycling for grain development
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leading to more reserve of soil P. The results are supported by the study of Wang and Ning
(2019) who showed that grain development relied on P preferentially remobilized to the
ear during the first half of the grain filling phase from the stem (50-76%) rather than from
leaves (30-44%). Therefore, with recycling activated, there will be reduced need for P
acquisition hence to increase observed in the present study. Further, mineralization of

organic P from the applied amendments might raise the inorganic soil P over time.

5.3.4 Effect of integrated application of organic amendments and reduced inorganic
fertilizer on soil potassium content

The increased potassium content associated with treatments like CM7.5+PM22.5 and
PM30 is consistent with findings by Verma et al. (2022), who reported that organic
amendments significantly enhance soil potassium levels due to their inherent potassium
content. The differences between Bumula and Kibos could be attributed to the effect of
altitude on soil weathering and potassium dynamics. Wang et al. (2021) noted that altitude
could influence soil nutrient dynamics through changes in weathering rates and organic
matter decomposition, which may explain the variations in potassium levels observed
between the two sites. The reduction in potassium (K) content by at least one-third between
flowering and harvest stages at both Bumula and Kibos, with a greater decline at Kibos,
can be attributed to several factors. As plants mature, they absorb significant amounts of
potassium for essential physiological functions, leading to decreased soil potassium levels.
At Kibos, the more pronounced decline could be due to increased leaching losses, possibly
exacerbated by higher rainfall or irrigation practices. Additionally, differences in soil
properties, such as higher sand content at Kibos, could contribute to greater nutrient

leaching. Variations in soil management practices and crop residue removal might also
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play a role, with more extensive harvesting potentially leading to higher potassium removal

from the soil.

5.4. Maize performance under the influence of organic and inorganic fertilizer

applications on growth

5.4.1. Plant height

The significant increase in maize plant height under treatments like TSP7.5+CM22.5 and
TSP15+PM15 suggests that these combinations effectively enhanced nutrient availability,
promoting better plant growth. These observations are similar to findings of Wang et al.
(2022), who reported that a combination of organic and inorganic amendments
significantly improves plant height due to better nutrient availability and synergistic
effects. However, Johnson et al. (2020) noted that plant height responses to fertilizer
treatments can vary based on soil type and climatic conditions, which might explain some

of the variations observed between the two sites in this study.

At Bumula, the superior plant height could be attributed to the higher altitude, which
influences nutrient uptake efficiency and overall plant physiology. The cooler temperatures
and reduced atmospheric pressure at higher altitudes can enhance nutrient absorption and
plant growth, as observed by (Baldwin and Fridley, 2021), who found that altitude affects
plant development through variations in temperature and gas exchange. This aligns with
the study's findings that treatments at Bumula resulted in taller plants compared to Kibos,

despite the treatments being similar.



86

5.3.2 Stem girth

The larger stem girth observed with the TSP15+PM15 treatment at both sites indicates that
this combination provided a balanced supply of essential nutrients for stem development.
The greater girth at Bumula might also be linked to the ecological effect on nutrient uptake
and plant health. (Yin et al., 2021). The finding that TSP15+PM15 resulted in the largest
stem girth align with Zhang and Liu (2021), who noted that organic and inorganic fertilizer
combinations enhanced stem girth by improving soil fertility and nutrient availability.
However, Singh et al. (2023) found that stem girth improvements are more influenced by
specific nutrient ratios rather than the type of amendment used. This contrast highlights the
complexity of nutrient interactions and their effects on plant growth, suggesting that while
TSP15+PM15 was effective, other factors such as nutrient ratios could also play a

significant role.

5.4.3 Leaf number

The increase in the number of leaves with TSP30 and TSP15+PM15 treatments indicates
improved photosynthetic capacity and overall plant health. The higher number of leaves at
Kibos compared to Bumula, despite similar treatments, may be due to different soil nutrient
dynamics and environmental conditions at the lower altitude. Miller et al. (2022) observed
that warmer temperatures can enhance leaf development and photosynthesis. Adebayo,
Ibrahim, & Yekeen (2021), who also reported increased leaf numbers with specific
fertilizer treatments, which was attributed to improved nutrient uptake and plant health.
Conversely, Rahman et al. (2023) noted that the impact of fertilizers on leaf number can
be influenced by plant variety and specific nutrient needs, which might explain the

variations observed between sites in this study.
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In the present study, reducing the application of inorganic phosphorus (P) to 1/3, 1/2, or
3/4 of the recommended rate, when combined with organic P, produced similar leaf
numbers to those achieved with the full rate of inorganic P. Notably, the incorporation of
PM as the organic P source yielded the best response in terms of leaf number, indicating
that organic amendments can effectively complement reduced inorganic P inputs and
support comparable plant growth. This is supported by other studies (Nayan et all., 2022)
where pressmud and cattle manure increased leaf number compare to NPK. Organic
resource increase soil porosity, increase soil moisture content and supply extra nutrients,
for example macronutrients such as Ca, Mg, S and micronutrients like Zn, Fe and B

(Solomon, et al 2012).

5.4.4 Leaf area index

The higher leaf area index with TSP30 treatment suggests improved leaf expansion and
overall canopy development. The greater leaf area index at Bumula compared to Kibos
could reflect the ecological effects on nutrient uptake and leaf growth. According to Zhang
et al. (2022), appropriate nutrient management can significantly improve leaf area index
and maize growth. However, the effectiveness of nutrient amendments on leaf area index
is highly dependent on the plant species and soil conditions (Chen and Yang (2023), which
indicates that while TSP30 was effective, other factors also play a crucial role in

determining leaf area index outcomes.

In this study, it was observed that reducing inorganic phosphorus (P) application to 1/3,
1/2, or 3/4 of the recommended dose, when combined with organic P sources, resulted in
similar leaf area indices to those achieved with the full rate of inorganic P, regardless of

the type of organic amendment used. This shows that lower rates of inorganic P can support
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vegetative growth effectively when paired with organic P, Recent research supports this
finding, showing that integrating reduced inorganic P with organic amendments can
maintain plant growth while reducing dependency on high inorganic P inputs (Santos,
Oliveira, & Lemos, 2021). Organic amendments, such as compost or poultry manure,
enhance the availability of phosphorus and improve soil fertility, making it possible to use
lower levels of inorganic P without compromising plant health (Santos, Oliveira, & Lemos,
2021; Zhang et al., 2022). This approach is beneficial for sustainable agriculture, as it
leverages nutrient release from organic sources while minimizing the environmental

impact of excessive inorganic fertilizer use (Gao et al., 2020; Silva et al., 2023).

5.5 Forage dry matter yield

The treatments PM10+CM10+TSP10 and TSP 15+PM 15 resulted in similar dry matter
yield of forage as inorganic NPK applicationThe findings demonstrate that it is feasible to
reduce inorganic application to as low as 1/3 of the normal rate for maize forage production.
The results are consistent with the findings of Wang et al. (2025) observed biomass
increase on integrated application of organic and inorganic fertilizer. Organic amendments
such as manure, compost, or pressmud offer more advantages as they not only release
nutrients slowly and continuously over a period of time, but also improve the structure,
water retention capacity, microbial numbers, and nutrient utilization efficiency (Wabela et
al., 2024). The enhanced soil quality promotes nutrient uptake and root development,
which results in robust vegetative growth and higher biomass accumulation.Aalthough
readily available nutrients from inorganic fertilizers are more susceptible to leaching and
volatilization. Besides, those organic amendments that are not normally included in

commercial NPK fertilizers add to the availability of micronutrients, raise microbial
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biomass carbon, and improve cation exchange capacity (CEC). Collectively, these
advantages upgrade photosynthesis and biomass accumulation, and that is the ¥z and 2/3

organic treatment produced a higher dry matter yield than a single NPK.

The differences in dry matter yield between Bumula and Kibos site, shows that Bumula
conditions are more favorable for biomass production at the former. Environmental factors,
particularly temperature, influence maize dry matter by affecting respiration,
photosynthesis, and growth rates. In this study, differences in dry matter between sites are
likely linked to local temperature variations, even though the maize variety and agronomic
practices were similar. Warmer conditions can accelerate growth, potentially shortening
the grain-filling period and reducing overall dry matter accumulation under stress. In
contrast, temperatures within the optimal range for photosynthesis can extend the growing
period, allowing more time for biomass buildup. As a result, cooler locations may support
longer photosynthetic activity and higher dry matter production (Hatfield & Prueger,
2015). Additionally, local conditions such as soil moisture and nutrient availability play a

critical role in maximizing dry matter yield, consistent with findings by Nguyen (2022).

5.6 Grain yield

At both experimental sites, the combination of TSP15 and PM15 gave the highest maize
grain yields, ranging from 4.4 to 4.6 T/ha, surpassing the full-rate TSP30 application,
which yielded 4.2—4.4 T/ha. Other combinations that significantly improved yields (>4.0
T/ha) included PM10+CM10+TSP10, TSP22.5+PM7.5, and
TSP15+CM15/PM22.5+CM7.5. Plots that received no amendments recorded the lowest
yields, between 1.26 and 1.5 T/ha. These results indicate that to match the yield from a full

rate of inorganic fertilizer, at least 10 kg/ha of inorganic phosphorus must be applied
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alongside an organic source. When lower rates of inorganic phosphorus were used,
pressmud-based combinations performed better than those with cattle manure. Site

differences also played a role, with Bumula producing higher yields than Kibos.

Using organic amendments in combination with reduced inorganic fertilizer rates improved
maize yields compared with full-rate NPK alone. This approach supports long-term crop
performance by enhancing microbial activity, improving soil structure, increasing nutrient
use efficiency, and providing a steady release of nutrients. The current findings, where
half-organic and half-inorganic fertilization exceeded full NPK rates, agree with previous
studies (Gram et al., 2020; Farooq et al., 2024). Long-term research also shows that
integrated fertilization maintains higher yields and better soil fertility than using mineral

fertilizers alone (Zhang et al., 2024).

In particular, TSP15+PM15 vyielded 4.6 T/ha at Bumula and 4.3 T/ha at Kibos,
demonstrating that cooler sites can favor higher grain production. This supports earlier
work showing that temperature has a major influence on maize yield, with cooler
conditions extending growth periods and increasing grain accumulation. It is commonly
known that lower temperatures promote better assimilate partitioning into the grain and
increase yields, particularly during the grain-filling stage. But severe heat, particularly at
anthesis or grain filling, can stimulate growth, decrease the duration of grain filling, and
increase respiration loss, all of which can decrease final grain yields very significantly
(Lobell et al., 2011). At higher temperatures, heat stress also lowers yield by impairing
anthesis pollen viability and fertilization success (Banziger et al., 2000). Moreover, 20°C
to 30°C is the optimal temperature range for promoting maize grain development.

Temperatures above the given range, especially above 35°C, have been noted to limit
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photosynthesis and increase photorespiration, which inhibits biomass accumulation and
yield (Hatfield & Prueger, 2015). Conversely, unlike the warmer location, the cooler
location presumably offered an optimal regime of temperature for pollen viability, grain

filling, and reproductive growth, which increased yields.

5.7 Nutrient concentration into plant tissues

5.7.1 Nutrient Concentration NPK in leaves

Nitrogen (N), phosphorus (P), and potassium (K) levels in the leaves from Bumula and
Kibos treatments were found to vary slightly across treatments and significantly different
(p<0.0) between treatments A higher percentage of nitrogen (N) was present in the plant
tissue produced with 1/3 pressmud, 1/3 cow dung, and 1/3 inorganic NPK,
(PM10+CM10+TSP10) probably due to complimentary patterns of nutrient release from
the different sources. Pressmud and cow dung release nutrients slowly over the growing
season, while inorganic NPK provides readily available nitrogen needed for vegetative
growth. Combining these sources maintains steady nutrient uptake, prevents nitrogen
losses through volatilization or leaching, and increases leaf nitrogen content (Agegnehu et
al., 2023; Chivenge et al., 2011). Organic amendments also support root development and

improve nitrogen use efficiency.

Both pressmud and cow dung contain high levels of organic phosphorus and organic acids,
which enhance phosphorus availability. By stimulating microbial populations and
phosphatase enzyme activity, these manures help convert phosphorus from forms that

plants cannot use into readily absorbable forms (Rath et al., 2022).
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Under most conditions, the combined treatments for potassium (K) again showed improved
leaf K status due to increased cation exchange capacity (CEC), water retention, and
decreased nutrient leaching—benefits linked to the function of organic matter (Zhou et al.,
2023). But when 100% inorganic NPK was applied, the Kibos site had the highest leaf K
content. Site characteristics like higher K fixing, lower organic content, or rapid mineral K
intake through rapid solubility could be the cause of this. The observed variation between
sites indicates that in order to achieve the highest K nutrition levels, nutritional strategies

must be adjusted in accordance with the local soil properties.

5.7.2 Nutrient NPK in grains

At Bumula and Kibos, the results for nutrient content in grains (NPK) across various
amendment treatments show that there are generally no appreciable differences between
treatments. The grains' levels of nitrogen (N), phosphorus (P), and potassium (K) varied,
but none of the variations were statistically significant (p > 0.05). The full NPK treatment
resulted in the highest amount of nitrogen in grain, most likely because the easily accessible
mineral form of nitrogen was perfectly matched to the crop's needs for uptake during
crucial growth stages. Inorganic sources such as urea, which provide immediately available
forms of nitrogen (NH,* or NO37), can easily absorb and transfer nitrogen to developing
tissues, such as grains (Zhao et al., 2020). Inorganic fertilizers provide nutrients that are
quickly available, which raises nitrogen and protein levels in maize grain. In contrast,
treatments relying solely on organic sources release nitrogen gradually and may not supply

enough during periods of peak crop demand (Agegnehu et al., 2023).

Applying pressmud alone resulted in the highest phosphorus content in the grain. As a

sugar production byproduct, pressmud is rich in organic phosphorus and micronutrients.
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Its slow decomposition increases phosphorus availability, promotes microbial activity, and
enhances the conversion of phosphorus into forms plants can absorb (Rath et al., 2022).
During grain development, organic acids from pressmud can chelate minerals in the soil,

further increasing phosphorus uptake and storage in the grain.

The greatest potassium accumulation occurred when two-thirds of the fertilizer was organic
and one-third inorganic. This mixture provides readily available potassium for early growth
while the organic portion improves soil structure, water retention, and ensures a steady
release of nutrients throughout the growing season (Chivenge et al., 2011). By maintaining
nutrient availability and reducing leaching of mobile minerals like potassium, this approach

enhances the eventual mineral content of the grain.

5.7.3 Nutrient NPK in stovers
Analysis of stover nutrient content showed slight variation in nitrogen (N), phosphorus (P),
and potassium (K) across treatments and sites. However, no clear trends or statistically

significant differences were observed between treatments (p > 0.05).

The highest nitrogen content in stovers was observed when a combination of half inorganic
(NPK) and half organic (cattle manure) fertilizer was applied. This suggests a synergistic
effect, where inorganic fertilizer provides readily available nitrogen while the organic
component enhances soil structure, promotes microbial activity, and improves nitrogen

retention.

According to Chivenge et al. (2011), they work in tandem to increase nitrogen uptake and
decrease losses through leaching and volatilization. Higher N in stovers results from the

organic matter's facilitation of microbial mineralization, which maintains nitrogen
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availability throughout the plant's active biomass build-up stage. Because of site-specific
factors like lower organic matter content, improved N mobility, and higher initial soil
fertility, which may have encouraged inorganic N uptake into above-ground biomass
directly, the full NPK treatment had the most N in stovers for the second location, Kibos

(Zhao et al., 2020).

Phosphorus (P) Concentration in Stovers

The PM10+CM10+TSP10 treatment produced stovers with the highest phosphorus
content. By combining organic and readily soluble inorganic phosphorus sources, this
approach likely increased phosphorus availability. As pressmud and cow dung decompose,
they release organic acids that stimulate microbial activity and help release phosphorus
bound in the soil (Rath et al., 2022). While NPK provides immediately available
phosphorus, the organic components improve the soil’s ability to store and gradually

release phosphorus, enhancing uptake and distribution to plant parts such as stover.

Potassium (K) Content in Stovers

Stover potassium content varied between sites. At Kibos, the highest K levels were
observed with the TSP22.5+PM7.5 treatment, while at Bumula, TSP22.5+CM7.5 produced
the highest stover K. In these cases, the larger inorganic portion likely supplied potassium
immediately during periods of high demand, while the organic fraction improved soil water
retention and limited leaching, which is especially important for potassium in leachable

soils (Zhou et al., 2023).

The pressmud+cow dung treatment at Kibos also produced high stover K, likely due to

higher baseline organic matter, improved cation exchange capacity (CEC), and the slow,
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sustained release of potassium from organic material, allowing gradual uptake during later
growth stages. Organic matter is known to enhance soil potassium retention and support

efficient utilization throughout the crop cycle (Palm et al., 2001).

5.7.4 Nutrient NPK in forage

Forage nitrogen content

There was very little and no difference between the treatments. TSP15+CM15 was the
most effective treatment for increased N content. Inorganic nitrogen, which is easily
acquired as urea or ammonium nitrate, promotes the growth of plants and vegetation. Cow
manure gradually mineralizes into an equally reliable source of nitrogen while the forage
is in the growing stage. A two-source approach like this promotes a steady supply of
nitrogen, which enhances overall uptake and storage in vegetative structures like fodder,
claim Tariq et al. (2020). Additionally, by reducing leaching and improving microbial
processes associated with nutrient capture, organic matter enhances the efficiency of

nitrogen use.

Forage Phosphorus (P)

The forage grown with supplementation of PM22.5+CM?7.5 fertilizer had the highest level
of phosphorus. High levels of organically bound phosphorus and humic matter in pressmud
increase the mobility and bioavailability of phosphorus in the soil. Its degradation also
results in the release of the organic acids, which solubilize unavailable forms of
phosphorus. The lower proportion of cow dung content in the mixture causes enhanced
microbial activity and enzymatic processes (e.g., phosphatase activity), which further

stimulate phosphorus mineralization and forage crop uptake (Zafar et al., 2021).
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Potassium (K) in Forage

Forage potassium concentration was highest when the forage was supplied with a 1:1
mixture of pressmud and cow dung-based organic fertilizers. Since both of these organic
components naturally contain a lot of potassium, their combination probably improved the
slow-release dynamics and soil potassium retention. While pressmud provides potassium
and humic substances that increase K availability, cow dung plays a role in contributing
towards soil structure development and microbial activity that promotes nutrient cycling
and cation exchange capacity (CEC) (Meena et al., 2019). Potassium availability during
the forage growth stage would have been maximized under the treatment's balance between
the quick and slow-releasing K pools, which would have improved uptake and storage in

plant tissue.

5.7 Forage nutritional and quality attributes

5.7.5 Acid detergent fiber (ADF)

Application of a 50% blend of organic and inorganic amendments (TSP15 + CM15)
enhanced crude protein (CP) content by over 76.56% compared to the control at both
research sites. This is because cattle manure has a high percentage of nitrogen that acts as
slow-release nitrogen for plant uptake over an extended period, hence enhancing the
synthesis of proteins (Yadav et al., 2021). Further, TSP, a highly soluble phosphorus
fertilizer, encourages root growth and plant energy transfer for the production of amino
acids and proteins (Singh et al., 2020). Lima et al. (2021) found that adding manure to TSP
resulted in a 70% increase in protein content in forage sorghum. In the present study, forage
quality improved in TSP 7.5 + PM 22.5 treatment (1/3 inorganic, 2/3 pressmud) by 65.45%

over control. Pressmud has beneficial levels of organic material and micronutrients that
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promote microbial growth and structural stability of the soil, with ease in releasing and
taking up nutrients. With the addition of TSP, the phosphorus enhances the metabolic
processes in protein and sugar biosynthesis. The same was pointed out by Patel et al. (2023)
when they concluded that pressmud with phosphorus fertilizer significantly improved

factors of forage quality like protein and digestibility.

ADL was highest in the PM10 + CM10 + TSP10 treatment, which showed a 89.69%
increase over the control. It may be indicating efficient solubilization of lignin by
synergistic microbial breakdown of organic manure and enhanced enzymatic activity
supported by proper nutrient supply. Ahmed et al (2020) in their study confirmed that
inorganic fertilizer + cow dung + pressmud were better in enhancing degradability of
fodder biomass lignin and enhancing digestibility. The TSP7.5+CM22.5 treatment
increased Neutral Detergent Fiber (NDF) by 27.98% compared with the control. Cow dung
supports microbial activity and helps break down cellulose, which promotes fiber
accumulation. The presence of TSP ensures adequate phosphorus, allowing the plant to
maintain proper cell wall development. Previous studies have also shown that combining
inorganic fertilizer with cow dung enhances NDF in fodder crops by supporting vegetative

growth and efficient nitrogen use (2022).

The TSP15+PM15 treatment led to a 29.21% increase in in vitro dry matter digestibility
(IVDMD). Structural carbohydrates such as cellulose and hemicellulose may have been
partially broken down due to the combined effects of organic and inorganic fertilizers.
While NPK boosts microbial enzyme activity for optimal metabolism, pressmud supplies
essential nutrients and labile carbon, enhancing digestibility. Pressmud and inorganic

nutrients can be mixed at the ratio of 50:50, as recommended by Arif et al. (2021), which
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enhanced IVDMD in Napier grass by more than 25% and was a good prospective candidate
to be used in ruminant diets. The quality criterion for good fodder is generally more than
55-60% IVDMD (Van Soest 1994). The ideal ranges of forage quality for both NDF and
ADF are ADF < 35-40% and NDF < 50-55%. While NDF is used to estimate total fiber,
which influences intake, ADF is used to estimate the less digestible fraction of cellulose
and lignin. Results from this study indicate that the fodder is more palatable and easier to
digest in the treated plots. The results are in line with previous studies that proved
combining organic-inorganic fertilizer improves nutritive value in forage by promoting
efficiency in the use of nutrients, microbial populations, and biomass quality (Mekonnen
et al., 2020; Lima et al., 2021). According to Hassan et al. (2022), applying a blend of
organic and inorganic fertilizer decreased ADF while maintaining optimal NDF levels in

fodder legumes.

5.8 Economic analysis

Economic Benefit of Fertilizer Used in our Maize Production.

An economic analysis of the cost-effectiveness of the treatments used in this study was
based on different factors that correlate with one another, such as the cost of fertilizer, grain
value of maize, and how the plant reacted when exposed to the nutrients provided.
Treatments increasing the quality or amount of grains produced more economic benefit,

especially when input costs were at acceptable levels.

5.8.1 Net Benefit of treatments
The highest net benefits of $1,167.72 and $1,441.93 were exhibited under the application

of TSP15 + PM15, TSP15 + CM15, PM22.5 + CM7.5, TSP 30, and PM10 + CM10 +
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TSP10. These high return values can be attributed to increased availability and uptake of
nutrients, particularly nitrogen and phosphorus, crucial for grain development and biomass
yields. The enhanced performance of the treatments could also be attributed to a synergistic
effect of organic and inorganic inputs, with improvement in soil structure and microbial
life with timely nutrient release (Mekonnen et al., 2020). appropriate levels of inorganic
fertilizers with organic inputs reduces the cost of inputs but maintains high levels of
productivity (Lima et al., 2021); hence balanced fertilizer combination and utilization was
most likely achieved in the outstanding treatments. These mixtures, especially the ones
containing pressmud or cattle dung with TSP, provide quick-release (short-term) and slow-
release (long-term) nutrient supply, allowing extended crop performance throughout the

growing season (Singh et al., 2020).

5.8.2 Benefit Cost Ratio (BCR) of treatments

The treatments with the maximum BCR values were: TSP15 + CM15, PM22.5 + CM7.5,
TSP15 + PM15, PM10 + CM10 + TSP10, recording BCR >2 at the experimental sites. All
other combined treatments had BCR > 1, while CM30 and PM30 did not meet the
profitability threshold. A BCR of >1 indicates that for every dollar of fertilizer invested,
more than a dollar was received in terms of benefit. Therefore, a BCR of over 1 is a key
profitability factor (Yadav et al., 2021), with higher values indicating more profit. It reveals
that returns are higher than costs, and hence, such a practice regarding fertilizer is
economically worthwhile to farmers. The study findings confirm that even lowered or
intermediate application rates of mixed organic and inorganic fertilizers can still be cost-

effective, especially under smallholder systems where cost-effectiveness is the top priority.
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In line with the present results, Mekonnen et al. (2020) found that application of organic
and inorganic nutrient sources in maize crop led to high net returns and BCR > 1,
particularly when compost or farmyard manure was applied together with recommended
levels of NPK. Lima et al. (2021) also achieved increased profitability upon combining
phosphorus fertilizers with cattle manure in tropical maize systems. Yadav et al. (2021)
have reported that integrated application of cattle manure and phosphorus fertilizer
improved yield and economic profitability in forage and grain sorghum production
systems. Based on the results of this study, organic (pressmud, cattle manure) and inorganic
(TSP, NPK) fertilizer combinations enhance the profitability of maize. The treatments that
combined moderate inorganic rates along with organic inputs generated greater net benefits

and BCR values > 1, which revealed profitable and sustainable agricultural practices.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

To assess the effect of integrated application of organic amendments and reduced

inorganic fertilizer levels on soil properties

1. Applying pressmud at 30 kg P/ha (PM30) noticeably improved soil health by
raising soil pH and increasing the levels of organic carbon, phosphorus, and
potassium at both sites. In contrast, cattle manure treatments were more effective
in boosting nitrogen levels. These results suggest that using organic materials
alongside reduced chemical fertilizer inputs can restore soil fertility and sustain

productivity in both semi-humid and sub-humid areas.

To determine the effect of different organic amendments integrated with different

inorganic fertilizer levels on maize growth and grain yield.

2. Combining organic and inorganic phosphorus sources led to better maize growth
and yield performance than using either source alone. The TSP15 + PM15 treatment
consistently produced the highest grain yields over 4.4 t/ha at both Bumula and
Kibos highlighting the value of integrated nutrient management for improving

maize productivity while maintaining soil fertility.
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To evaluate the effect of organic amendments integrated with different inorganic fertilizer

levels on forage quality of maize

3. Forage dry matter yield did not show consistent improvement across treatments,
although some combinations such as TSP10 + PM10 + CM10 and TSP15 + PM15
gave the best results at Bumula. At Kibos, the highest fodder yield came from

TSP22.5 + PM7.5.

4. The quality of maize forage improved when 15 kg P/ha of inorganic fertilizer was
combined with 15 kg P/ha of cattle manure, which increased the crude protein
content at both sites. While other forage quality traits showed little variation, most
treatments still produced feed with acceptable digestibility and neutral detergent
fibre (NDF) levels below 50%. However, at Bumula, about 62% of the treatments
resulted in lower forage quality based on acid detergent fibre (ADF), showing that

site conditions influenced forage response.

To assess the economic implication of using pressmud and cattle manure in maize

production

5. The economic analysis showed that using a combination of 15 kg P/ha inorganic
fertilizer and 15 kg P/ha organic P from cattle manure provided the highest
economic returns from maize grain. This indicates that integrated use of pressmud
and cattle manure is not only agronomically effective but also economically
practical, offering farmers a cost-efficient and sustainable approach to maize

production.
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Appendix I: Effects of soil amendments on pH at Bumula and Kibos sites during the

flowering stage of maize in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 2.5842 1.2921  10.75

Site 1 0.0348 0.0348 0.29 0.593
Treatment 13 5.5210 0.4247 3.53 <.001
Site x Treatment 13 0.9586 0.0737 0.61 0.832
Residual 54 6.4924 0.1202

Total 83 15.5910

Appendix Il: Effects of soil amendments on pH in Bumula and Kibos sites during maize

harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 3.1346 1.5673  14.68

Site 1 0.0037 0.0037 0.03 0.852
Treatment 13 6.9709 0.5362 5.02 <.001
Site x Treatment 13 1.2833 0.0987 092 0.534
Residual 54 5.7639 0.1067

Total 83 17.1565

Appendix I11: Effects of soil amendments on soil Carbon at Bumula and Kibos sites during

the flowering stage of maize in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.93159 0.46579 5.62

Site 1 14.10400 14.10400 170.32 <.001
Treatment 13 2.45050 0.18850 2.28 0.018
Site x Treatment 13 0.91356 0.07027 0.85 0.609
Residual 54 447175 0.08281

Total 83  22.87140
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Appendix IV: Effects of soil amendments on organic carbon at Bumula and Kibos sites

during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.4080 0.2040 1.10

Site 1 11.6034 11.6034 62.62 <.001
Treatment 13 8.9195 0.6861 3.70 <.001
Site x Treatment 13 1.2478 0.0960 0.52 0.904
Residual 54 10.0068 0.1853

Total 83 32.1855

Appendix V: Effects of soil amendments on total nitrogen content at Bumula and Kibos

sites during flowering stage of maize in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0037881 0.0018940 7.51

Site 1 0.0448048 0.0448048 177.75 <.001
Treatment 13 0.0053667 0.0004128 1.64 0.103
Site x Treatment 13 0.0028952 0.0002227 0.88 0.574
Residual 54 0.0136119 0.0002521

Total 83 0.0704667

Appendix VI: Effects of soil amendments on total nitrogen content at Bumula and Kibos

sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0003024 0.0001512 0.24

Site 1 0.0216964 0.0216964  34.23 <.001
Treatment 13 0.0089726 0.0006902 1.09 0.388
Site x Treatment 13 0.0031536 0.0002426 0.38 0.970
Residual 54 0.0342310 0.0006339

Total 83 0.0683560
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Appendix VII: Effects of soil amendments on available phosphorus content at Bumula

and Kibos sites during the maize flowering stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 290.65 145.33 2.96

Site 1 927.48 927.48 18.86 <.001
Treatment 13 3351.39 257.80 5.24 <.001
Site x Treatment 13 533.20 41.02 0.83 0.623
Residual 54 2655.09 49.17

Total 83 7757.81

Appendix VIII: Effects of soil amendments on available phosphorus content at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 1700.0 850.0 7.16

Site 1 4628.6 4628.6  39.00 <.001
Treatment 13 8386.9 645.1 544 <.001
Site X Treatment 13 2032.0 156.3 1.32 0.232
Residual 54 6408.1 118.7

Total 83 23155.5

Appendix IX: Effects of soil amendments on potassium content at Bumula and Kibos

experimental sites during the maize flowering stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 1651947. 825973. 13.34

Site 1 8622733. 8622733. 139.26 <.001
Treatment 13 735307. 56562. 091 0.545
Site x Treatment 13 456936. 35149. 0.57 0.869
Residual 54 3343568. 61918.

Total 83 14810491.
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Appendix X: Effects of soil amendments on potassium content at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 27172. 13586. 1.48

Site 1 630587. 630587. 68.62 <.001
Treatment 13 87960. 6766. 0.74 0.720
Site x Treatment 13 120404. 9262. 1.01 0.457
Residual 54 496253. 9190.

Total 83  1362376.

Appendix XI: Effects of soil amendments on plant height at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 5043.0 2521.5 9.01

Site 1  400085.0 400085.0 1430.22 <.001
treatment 13 251674.6 19359.6  69.21 <.001
Site xtreatment 13 87892.5 6761.0 2417 <.001
Residual 726  203088.2 279.7

Total 755  947783.3

Appendix XI1: Effects of soil amendments on leaf number at at tasseling stage at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fpr.
Replication 2 11.5794 5.7897 7.47

Site 1 308.5833 308.5833 398.23 <.001
treatment 13 141.4140 10.8780  14.04 <.001
Site.treatment 13 70.1759 5.3981 6.97 <.001
Residual 726  562.5688 0.7749

Total 755 1094.3214
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Appendix XI11: Effects of soil amendments on leaf area index at tasseling stage at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 3.9405 1.9703 3.43

Site 1 227.6546  227.6546 396.36 <.001
treatment 13 429.4026 33.0310 5751 <.001
Site.treatment 13 83.5537 6.4272 11.19 <.001
Residual 726  416.9830 0.5744

Total 755 1161.5345

Appendix XIV: Effects of soil amendments on stem girth at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.50924 0.25462 5.23

Site 1 34.64061 34.64061 711.31 <.001
treatment 13 25.30356 1.94643 39.97 <.001
Site.treatment 13 11.90806 0.91600 18.81 <.001
Residual 726 35.35588 0.04870

Total 755 107.71735

Appendix XV: Effects of soil amendments on plant tissue nutrient %N uptake at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.06827 0.03414 1.79

site 1 0.10220 0.10220 536 0.024
treatment 13 1.05402 0.08108 425 <.001
site.treatment 13 0.66175 0.05090 2.67 0.006
Residual 54 1.02946 0.01906

Total 83 2.91570
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Appendix XV1: Effects of soil amendments on plant tissue nutrient %P uptake at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0024310 0.0012155 1.27

site 1 0.1203857 0.1203857 126.06 <.001
treatment 13 0.0522476 0.0040190 421 <.001
site.treatment 13 0.0176476 0.0013575 1.42 0.180
Residual 54 0.0515690 0.0009550

Total 83 0.2442810

Appendix XVII: Effects of soil amendments on plant tissue nutrient %K uptake at Bumula

and Kibos experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0835 0.0417 0.31

site 1 3.3361 3.3361 2479 <.001
treatment 13 7.1501 0.5500 4.09 <.001
site.treatment 13 2.2375 0.1721 1.28 0.254
Residual 54 7.2674 0.1346

Total 83 20.0746

Appendix XVIII: Effects of soil amendments on grain N uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.061536  0.030768 4.04

Site 1 0103839 0.103839 13.62 <.001
Treatment 13 0.119897  0.009223 1.21 0.298
Site.Treatment 13  0.108777  0.008367 1.10 0.381
Residual 54 0.411737 0.007625

Total 83  0.805786
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Appendix XIX: Effects of soil amendments on grain P uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication stratum 2 0.0043929 0.0021965 2.32

Site 1 0.0033872 0.0033872 3.57 0.064
Treatment 13 0.0161400 0.0012415 1.31 0.236
Site. Treatment 13 0.0136181 0.0010475 1.11 0.375
Residual 54 0.0511829 0.0009478

Total 83 0.0887210

Appendix XX: Effects of soil amendments on grain K uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source d.f. S.S. ms. v.r. Fopr.
Replication 2 0.000353 0.000176 0.03 0.967
Site 1 0.018901 0.018901 3.59 0.064
Treatment 1 0.019693 0.019693 3.74 0.059
Site. Treatment 13 0.032088 0.002468 0.47 0.933
Residual 53 0.279164 0.005267

Total 82 0.437272 0.005333

Appendix XXI: Effects of soil amendments on stover N uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.000065 0.000032 0.01

Site 1 0.007632 0.007632 2.66 0.109
Treatment 13 0.034100 0.002623 091 0.544
Site. Treatment 13 0.072652  0.005589 1.95 0.044
Residual 54  0.154808  0.002867

Total 83  0.269257
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Appendix XXII: Effects of soil amendments on stover P uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0029558 0.0014779 2.86

Site 1 0.0954370 0.0954370 184.82 <.001
Treatment 13 0.0138327 0.0010641 2.06 0.033
Site. Treatment 13 0.0094849 0.0007296 141 0.184
Residual 54 0.0278845  0.0005164

Total 83 0.1495950

Appendix XXII1: Effects of soil amendments on stover K uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.00998 0.00499 0.07

Site 1 2169574  21.69574 319.65<.001
Treatment 13 0.62090 0.04776 0.70 0.751
Site. Treatment 13 0.28698 0.02208 0.33 0.985
Residual 54 3.66515 0.06787

Total 83  26.27876

Appendix XXIV: Effects of soil amendments on Forage N uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.004680  0.002340 1.44

Site 1 0.026349 0.026349 16.20 <.001
Treatment 13 0.048695  0.003746 2.30 0.016
Site. Treatment 13 0.025832  0.001987 1.22  0.290
Residual 54  0.087832  0.001627

Total 83  0.193388
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Appendix XXV: Effects of soil amendments on Forage P uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.0011995 0.0005997 1.90

Site 1 0.0378160 0.0378160 119.89 <.001
Treatment 13 0.0041878 0.0003221 1.02 0.445
Site. Treatment 13 0.0038302 0.0002946 0.93 0.525
Residual 54 0.0170331 0.0003154

Total 83 0.0640666

Appendix XXVI:

Effects of soil amendments on Forage K uptake at Bumula and Kibos

experimental sites during maize harvesting stage in the 2021 long rains season

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.10785 0.05393 1.61

Site 1 4.57126 457126 136.59 <.001
Treatment 13 0.67286 0.05176 155 0.131
Site. Treatment 13 0.55034 0.04233 1.26 0.263
Residual 54 1.80716 0.03347

Total 83 7.70947

Appendix XXVII: Effects of soil amendments on dry matter yield (t/ha) of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.6163 0.3081 2.71

site 1 31.8776 31.8776 280.37 <.001
treatment 13 40.2220 3.0940 27.21 <.001
site. treatment 13 5.4374 0.4183 3.68 <.001
Residual 54 6.1398 0.1137

Total 83 84.2930
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Appendix XXVII1: Effects of soil amendments on maize grain yield (t/ha) of maize fields

at Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 0.3092 0.1546 1.15

site 1 1.1092 1.1092 8.25 0.006
treatment 13 61.4361 47259 35.13 <.001
site.treatment 13 2.2462 0.1728 1.28 0.251
Residual 54 7.2644 0.1345

Total 83 72.3651

Appendix XXIX: Effects of soil amendments Forage quality ADF of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 82.42 41.21 0.96

site 1 339.77 339.77 7.92 0.007
Treatment 13 668.16 51.40 1.20 0.307
site. Treatment 13 313.53 24.12 0.56 0.873
Residual 54 2317.86 42.92

Total 83 3721.74

Appendix XXX: Effects of soil amendments Forage quality %ADL of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 6.51 3.25 0.29

site 1 122.45 12245 10.83 0.002
Treatment 13 118.70 9.13 0.81 0.649
site. Treatment 13 99.68 7.67 0.68 0.775
Residual 54 610.30 11.30

Total 83 957.64
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Appendix XXXI: Effects of soil amendments Forage quality IVDMD of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication 2 47.08 23.54 0.61

site 1 330.46 330.46 8.51 0.005
Treatment 13 1172.14 90.16 2.32 0.016
site. Treatment 13 377.31 29.02 0.75 0.709
Residual 54 2096.95 38.83

Total 83 4023.94

Appendix XXXII: Effects of soil amendments Forage quality NDF of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication stratum 2 12.53 6.26 0.37

site 1 75.01 75.01 441 0.040
Treatment 13 651.75 50.13 2.95 0.003
Site. Treatment 13 288.11 22.16 1.30 0.240
Residual 54 918.52 17.01

Total 83 1945.92

Appendix XXXIII: Effects of soil amendments Forage quality CP of maize fields at

Bumula and Kiboss in Western Kenya during the maize growing season of 2021

Source of variation d.f. S.S. m.s. v.r. Fopr.
Replication stratum 2 3.0715 1.5357 3.02

site 1 1.7329 1.7329 3.41 0.070
Treatment 13 41.1749 3.1673 6.23 <.001
Site. Treatment 13 14.8874 1.1452 2.25 0.019
Residual 54 27.4417 0.5082

Total 83 88.3083




Appendix XXXIV: Selected pictures from composing to maize maturity
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Appendix XXXV: Similarity Report



