MICROBIAL PROFILES OF SMALL HOLDER FARMS UNDER DIFFERENT
CROPPING SYSTEMS ALONG RIVER ISIUKHU WATERSHED OF

KAKAMEGA COUNTY

Christine Imbenzi Matindu

A Thesis Submitted in Partial Fulfillment for The Requirement of the Award of
Master of Science Degree in Microbiology of Masinde Muliro University of Science

and Technology.

October 2020



DECLARATION

This thesis is my original work prepared with none other than the indicated sources and

support and has not been presented elsewhere for a degree or any other award.

Signature.........coovvviiiiiiiiiean. Date..................
Christine Matindu

SMB/G/01/15

CERTIFICATION

The undersigned certify that they have read and hereby recommend for acceptance of
Masinde Muliro University of Science and Technology a thesis entitled “Microbial
Profiles of Small Holder Farms Under Different Cropping Systems Along River Isiukhu
Watershed of Kakamega County”.

Signature.........co.ovveiiiiiiiieann, Date.........oovvvninnnn..

Dr. Francis N. Muyekho, PhD.

Department of Agriculture and Land Use Management

Masinde Muliro University of Science and Technology
Signature.........ovveiiiiiiiiinin, Date........oooevviinnnn.
Dr. Sifuna Anthony Wawire, PhD.

Department of Biological Sciences

Masinde Muliro University of Science and Technology



COPYRIGHT

This thesis is copyright materials protected under the Berne Convection, the copyright Act
1999 and other international and national enactments in that behalf, on intellectual
property. It may not be reproduced by any means in full or in part except for short extracts
in fair dealing so for research or private study, critical scholarly review or discourse with
acknowledgment, with written permission of the Dean School of Graduate Studies on

behalf of both the author and Masinde Muliro University of Science and Technology.



DEDICATION

This thesis is dedicated to my loving parents Christopher Matindu and Betty Masitsa and
to my siblings Onesmus, Christabel and Gloria.



ACKNOWLEDGEMENT

| thank the Almighty God, above all, for granting me good health, strength and
determination to accomplish the work. | am grateful to my supervisors Dr. Francis N.
Muyekho and Dr. Anthony Wawire Sifuna for their constant guidance, mentorship and
support that led to success of this work. Much appreciation also goes to Dr. Greg Thorn
and Dr. Irena Creed of University of Western Ontario and Dr. Dennis Omayio of
Biological Sciences department, Masinde Muliro University of Science and Technology
for their continuous moral support and encouragement. I am thankful to Mr. Willy
Aganyanya of Biological Sciences department, Masinde Muliro University of Science and
Technology and Ferdinant Anyika of University of Nairobi, Department of Soil Science
for their technical and material support during soil analysis. | would like to acknowledge
the funding support from Queen Elizabeth 11 Scholarship. More appreciation goes to Ms.

Rael Adhiambo for the assistance in data collection throughout the study.



ABSTRACT

The River Isiukhu watershed is endowed with rich agricultural soils. However, the region
is characterized with high population density and therefore farm land is under enormous
pressure as it is put under continuous production of crop to meet the ever growing food
demand and source of livelihoods. On the other hand, crop rotations to rejuvenate the soils
have been limited by the small farm sizes, while application of soil fertility amendments
has been hindered by the high cost of inputs, and therefore communities depending on
agriculture productivity have continued to suffer from low crop yields. Additionally, how
farming practices within the region impact on the soil physicochemical structure and
microbial community is least understood. Farmers have therefore continued to employ the
same farming practices overtime without considering the effects of the practices on soils
in the region. This study aimed at determining the soil microbial profiles,
physicochemical parameters and understanding the relationship between soil
physicochemical properties and microbial profiles under different cropping system. Three
cropping systems commonly practiced by farmers in the study area namely, maize and
bean intercrops, pure sugarcane fields, napier grass fodder fields were evaluated, whereas
a site within the Kakamega tropical forest was considered to represent an undisturbed site.
For each system, soil microbial community composition was determined using Illumina
Miseq sequence data of 16S rRNA gene and ITS region for bacteria and fungi respectively.
Soil organic carbon and total nitrogen were determined using Walkley-Black method,
Kjeldahl digestion method respectively. The highest levels of soil organic carbon (37.03
Mg/ha) and total nitrogen (3.27 Mg/h) were recorded in maize and beans intercrop system
while the least, 27.15 Mg/ha and 2.38 Mg/ha, respectively from napier cropping system.
The results showed the presence of 20 bacterial phyla and 3 fungal phyla across all the
treatments. Acidobacteria (30.2%), Proteobacteria (19.6%), Verrucomicrobia (12.3%)
and Actinobacteria (7.8%) were found to be the main dominant phyla in all the treatments.
Under fungal community structure, Ascomycetes (65.4%) and Basidiomycetes (19.2%)
were the main dominant phyla. The relative abundance of Proteobacteria was recorded
highest in forest and lowest in sugarcane. Acidobacteria on the other hand was recorded
highest in maize and beans intercrop and lowest in forest. Under bacteria, Chaol diversity
index was less in sugarcane and more under forest. The Shannon diversity index was
greater in forest and least under sugarcane cropping system. When comparing the fungi
diversity, Chao 1 diversity index was more in sugarcane cropping system and less under
maize and beans intercrop. The Shannon diversity index was great under sugarcane and
least under napier cropping system. In this study Acidobacteria and Chloroflexi were
positively correlated with SOC while Basidiomycetes was found to have a negative
correlation. Total nitrogen (TN) was positively correlated to Planctomycetes and
Ascomycetes. Only Acidobacteria showed a positive correlation with pH. These findings
reveal that the different cropping systems practiced in the area influence soil carbon, total
nitrogen, pH and microbial soil profiles. The findings further show that the soils are only
marginally acidic, but soils under napier appear to have the least levels of fertility and
microbial populations and structure. This study therefore provides an insight of how
different cropping systems influence soil microbial profiles and physicochemical
properties and it could be used in the development of sustainable land management
approaches with reference to cropping systems within the watershed.

Vi
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CHAPTER ONE

INTRODUCTION

1.1 Background

Microorganisms forms an essential component in the cycling of material and energy
transformation process with respect to soil ecosystem (Zhang et al., 2019) and soil
microbial profiles therefore forms a representation of a vital aspect to be put into
consideration when studying the impacts of different cropping systems on soil microbial
profiles. Soil microbes have shown to have a close relationship to health and stability of
the soil ecosystem and are proven to be driven by numerous factors and external condition
changes like change in land use, cultivation, soil physicochemical characteristics and
management measures (Zhang et al., 2019; Zhou et al., 2017a). Microbial profiles of soil
and diversity are therefore often used as pointers to variations in soil quality (Bucher and

Lanyon, 2005).

The worldwide approval of soil maintenance practices in farming is therefore critical in
reversing degradation, maintaining biodiversity and fertility of soil. According to Food
and Agriculture Organization (FAO) soil degradation in various parts of the world results
from inappropriate farming methods and incorrect usage of pesticides and fertilizer (FAO,
2012). Anthropogenic activities also influence both how the microbial communities’
functions and biodiversity of these microbes and therefore possibly result in microbial

roles reduction and species loss (FAO 2012; Brown et al., 2002).

The River Isiukhu watershed is an area in western Kenya that consists of a remnant of

Equatorial rain forest and provides suitable agricultural soils and weather, nevertheless,



the watershed serves as an important agricultural area growing maize, beans, tea, sugar
cane being the major crops (Wood et al., 2015; Amadalo et al., 2003). Researches have
revealed that cropping systems may influence the community structure of soil microbes
and organic matter content and contribute to loss of fertility (FAO, 2012). Interestingly,
although communities within the watershed have over the time engaged in different
agricultural practices, less is known about the soil microbial profiles and diversity and
how cropping systems have influenced the soil microbial distribution and possibly
influencing soil fertility in this agroecosystem. Additionally, in the River Isiukhu
watershed there exists limited information on soils nutrition balance, furthermore, how
the nutrients are sustained within the agricultural soils under different agricultural practice
is not clearly understood. Such information is important as it can be used to support soil
fertility improvement with a view of increasing farm yields and food availability in the
region. Deforestation, intensification of agriculture and land degradation have resulted in
loss of soil microbial community diversity, damaging to resilience and sustained

productivity.

Since the soil biota is affected in different ways by the various types of agricultural
practices and systems, it is necessary to understand how this practices influence soil
microbial diversity in an important agro-ecosystem like the River Isiukhu which supports
a large agricultural community in Western Kenya. This study therefore aimed at
understanding the relationship between different crops system, physicochemical

parameters; and soil microbial diversity.



1.2 Statement of the Problem

Changes in microbial profiles and functions have been hypothesized to alter ecosystem
processes like availability of nutrients and decomposition of plant litter (McGuire and
Treseder, 2010) and it has been suggested that changes in land use, including different
cropping systems affects the microbial breakdown organic matter and litter which leads
to regulation of soil nitrogen and carbon balance within the terrestrial ecosystems (Brackin
et al., 2013). Microorganisms in soil therefore possess an essential role in conservation of

soil quality and health since varied microbes participate in key soil functions.

Although many studies have attempted to understand soil fertility changes based on
different agricultural systems practiced in the region, little is known about variations
among the microbial profiles colonizing these agricultural soils and the role played by the
farming practices in influencing the microbial and physicochemical variations. This study
therefore aimed at investigating the effects caused by various cropping systems on the
taxonomic diversity of microorganisms colonizing smallholder agricultural soils within
the River Isiukhu watershed and their relationship between soil physiochemical
parameters namely total nitrogen and organic carbon and thus being important for better

understanding of how these cropping systems affects the soil microbial profiles.

1.3 General Objective
To determine soil microbial profiles of small holder farms under different cropping

systems along river Isiukhu watershed of Kakamega County.



1.4 Specific Objectives

1. To characterize the soil microbial profiles in small holder farms under different
cropping systems along river Isiukhu watershed of Kakamega County.

2. To determine soil physicochemical properties (SOC, TN, pH and texture) in small
holder farms under different cropping systems.

3. To determine the relationship between soil physicochemical parameters (SOC, TN

and pH) and soil microbial profiles along River Isiukhu watersheds.

1.5 Hypothesis
1. Cropping systems practiced in small holder farms along River Isiukhu
watershed do not influence soil microbial profiles.
2. Cropping systems practiced in small holder farms along River Isiukhu
watershed do not influence the physicochemical parameters of the soil.
3. There is no relationship between soil physicochemical parameters and
microbial profiles of soils under different cropping systems along the River

Isiukhu watershed.

1.6 Significance of Study

Due to the small land farms owned by farmers in the river Isiukhu watershed, monoculture
is the most practiced farming method in the region, with most farmers growing mainly
maize and sugarcane, and therefore there is a need to understand how these practices
influence microbial profiles and diversity within the ecosystem, since soil microbial
diversity and profiles are known to be pointers of soil quality changes. The knowledge

obtained on the microbial profiles in soils of the watershed can help in understanding their

4



functions in soil, and develop appropriate technologies for microbial maintenance and
restoration in sites with altered structures. Physicochemical parameters of soils have been
shown to be affected by cropping systems, and therefore may have an effect on microbial
diversity in agricultural soils. This study therefore provided an insight of how different
physicochemical properties influence soil microbial profiles within the river Isiukhu
watershed and further demonstrated how the cropping systems influenced total nitrogen

and carbon levels in the farms studied.



CHAPTER TWO

LITERATURE REVIEW

2.1 Soil Microbial Profiles Under Different Cropping Systems

Soil microorganisms are essential for productivity of soil and cycling of nutrients in both
agricultural and natural ecosystems since they aid in absorbance of nutrients by plants by
colonizing their roots and organic matter decomposition for provision of soil nutrients and
improvement of the soil structure. As a result of intensification of human disturbance,
most of the world’s tropical forests have been either afforested, reforested or converted to
plantations (Wang et al., 2017). Several studies have suggested that monocultures support
microbial communities, with some researches pointing out that monocultures of maize,
wheat or soybean may result to reduction of metabolic diversity or the decline of fungal
species (Depret et al., 2004, Meriles et al., 2009). Vegetation cover affects structure of
soil microbial profiles since the variations in plant species composition always contributes
to the changes in litter quantity and quality, thus altering cycling processes and content of

soil nutrients (Miki et al., 2010).

Bacteria accounts for the largest proportion of the soil microbial community and several
researches documented that continuous cropping increases fungi in soil, which intensifies
soil borne diseases but fungi play an essential role in the breakdown of recalcitrant
complexes in corn residues at later stages (Zhang et al., 2014). Land cover, which includes
different cropping systems is the determinant factor that affects organic matter content of
the soil thus playing a role in microbial profiles regulation accordingly (Moon et al.,

2016). Bakker et al., 2012 found out that numerous bacteria flourish in the rhizosphere of



different crops as a result of nutrient supply from the respective plant residues and these
results revealed that plant species currently in season plays a great role in determination
of bacterial community than the pre-crop species. Continuous cropping inhibits plant
growth and causes soil-borne diseases as reported by Liu et al., (2014). Under
intercropping system, roots of various plant species forms direct association with each
other which further affects root exudation thereby altering the microbial structure, activity
and diversity (Zhou et al., 2011, Broeckling et al., 2008). Several reports have revealed
close association between underground microbial diversity and the aboveground crop

diversity (Williamsa et al., 2014).

2.2 Effects of Land Use on Soil Microbial Communities

Several studies showed that different land use regulates structure of soil bacterial
communities (Osborne et al., 2011; Wallenius et al., 2011) and these communities have
shown to be more sensitive to land use changes as compared to soil physicochemical
characteristics (Romaniuk et al., 2012). Microbes exists all over the soil profile; however,
they are more abundant in soil surface, plants’ rhizosphere and around macropores (Fierer
et al., 2007). Soil microbes are assumed to take part in critical roles that facilitate the
response of ecosystem to anthropogenic environmental changes (Zak et al., 2011). Soil
microbial profiles are therefore regarded as architects of soils (Rajendhran and
Gunasekaran, 2008) since most ecosystem services are closely associated to the activities

of these microbes and their linked functional characteristics (Torsvik and Ovreas, 2002).

Microbial populations play both active and passive roles in enhancing soil fertility. The
microbial community is most beneficial to the grower when it is diverse, abundant and

active. The limitation of knowledge on microbial profiles and function in soil is as a result
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methodological and taxonomic limitations associated with the study of these
microrganisms (Kirk et al., 2004). However, many factors generally influence the activity
and species composition of microbes including physicochemical characteristics of the soil,
vegetation and temperature. Shifts in the soil microbial profiles are strong pointers of
biological activity of soil and quality of terrestrial agroecosystems (Edmeades, 2003). The
knowledge of how soil management leads to changes observed in microbial community
structures is essential for optimized management practices, since soil microbes constitutes
a central regulatory soil processes. A research done by Vitousek et al., 2009, revealed that
some of the microbial driven process like decomposition determines the rate at which
nutrients are retained or lost in the ecosystem managing agriculture for production of crops
while minimizing the loss of nutrient to the environment.

The major drivers of soil microbial profiles are soil and plant types (Meliani et al., 2012).
Plant species affect microbial community profiles due to differences in the plants canopy
cover, their rooting depth and the quantity and quality of litter (zak et al., 2003). The soil
biota is affected in different ways as a result of various types of agricultural practices
leading to either a negative or positive response depending on the part of soil biota that is

affected; fungal or bacterial.

A study by Tolli and King, (2005), revealed that various practices like fertilizer treatment,
land use alteration and plant covers increased the abundance of soil bacterial communities.
Several other studies have shown that tilled soils may either contain greater or less
diversity of bacteria than non-tilled soils (Ferreira et al., 2000). Variations in the
community profiles have been as a result of changes in agronomic practices like no-tillage

(Drijber et al., 2000), rotation of crop and inoculations of microbes (Roesti et al., 2006).



Monoculture production versus crop rotation have yielded varying results with regards to
impacts of continuous monoculture on microbial community. Crop rotation and no-till
practice have been largely accepted in various agricultural set ups and is usually believed
that the practices potentially increase microbial activity and biomass (Feng et al., 2003).
Monoculture selects for less diverse microbial communities. Diminishment of soil
degradation can be achieved by avoiding monoculture and encouraging the practice of
crop rotation or associations which should include at least three varied crops (FAO, 2012).
Unfortunately, monoculture prevails world-wide leading to depletion of organic matter
content, resulting to disposition to diseases and increased rates of weed infestation. On the
other hand, crop rotations coupled with the use of green manure breaks pathogen cycles
and enhance soils physicochemical characteristics, including soil organic matter (Boddley
et al., 2010).

Diverse soil microorganisms can be induced by distinct soil and vegetation properties due
to the creation of varied microhabitats that support diverse collection of species as shown
by Zak et al., (2003). Studies have evidently shown that environmental conditions and
practices of land management greatly shape soil microbial profiles (Steenwerth et al.,
2002). Several researchers have demonstrated that fertilization highly affects the
composition, population and roles of soil microbes and fertilizer alterations have increased
soil microorganism’s activities (Mandal et al., 2007). Some researchers have however
illustrated that fertilizers, both organic and organic have had moderately slight or no
impacts on microbial activities and diversity of the soil (Treseder, 2008).

Brimecombe et al., 2000, in their study showed that plants apply strong impact on the soil
microbial community structure through decay of litter and rhizodeposition. They also

demonstrated that the relation between the species of plant and microbe’s diversity in the
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soil of the rhizosphere is strict and as a result of co-evolution. Most microbial activities
occur in the few centimeters of the soil surface (Babujia et al., 2010) and thus several
reports demonstrate that absence of soil disturbance and plant residues in no till system
also favors improved microbial activity and biomass (Babujia et al., 2010; Silva et al.,
2013). The reaction of soil microbes to the disturbances caused as a result of changes in

management and crop may result to variations in range and activity of soil biota.

2.3 Microbial Communities in an Ecosystem

The physicochemical study of parameters is essential for growth of plants and soil
management. Soil carbon storage is facilitated by microorganisms that use organic matter
of soil as their source of carbon thus regulation of composition and size of soil microbial
profiles achieved through complex relations with plants (Butler et al., 2004) and litter
substrate quality (Myers et al., 2001).

Soil microbes participate in crucial role of process of nutrient cycling. Carbon and
nitrogen do not form part of mineral composition and are limited in soils, emphasizing the
importance of understanding them from the microorganisms’ perspective. Enrichment of
soil nitrogen and carbon can be achieved by appropriate land management methods known
to either raise the levels of organic matter input, lowers soil organic matter mineralization
or both (Paustian et al., 2000; Follet, 2001). Contents of nitrogen and carbon in soil play
crucial role in the sustaining quality of the soil, crop production and environmental quality
as a result of their impacts on soil biological and physicochemical characteristics.
Lombard et al., (2011), demonstrated that soil matrix together with physicochemical

features possesses a great effect on the dynamics of soil microbial profiles.
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Soil microbes are essential in maintaining and sustaining agro-ecosystems by controlling
the cycling rate of carbon and nitrogen thus posing directly increasing fertility of plant
and soil nutrition. Bacterial and fungal activities primarily drive soil carbon
decomposition while only 10-15% of soil carbon is directly linked to the action of fauna
(Hopkins and Gregorich, 2005). Soil microbes are also significantly affected by
management of crops since different plant species impact the cycling of nutrients and
therefore affecting the functioning and structure of soil microbial profiles (Carrera, 2007).
Changes in the land use alters the below ground ecosystem, often leading to the depletion
of soil carbon.

Soil microbial activity highly depend on each other and researches demonstrate that
growth and activity of microbes are normally restricted by carbon, nitrogen and

phosphorus availability (Vineela et al., 2008).

2.4 Determination of Soil Microbial Profiles

Two main approaches have been used in the study of soil microbial communities —
convectional plating of the cultivable microbes and the molecular techniques that are
independent of cultivation. Standard culture techniques used in the characterization of
microbial ecology usually involves the isolation and characterization of microbes by use
of commercial growth media (Kirk et al. 2004) but their main drawback is that more than

99% of the microbe’s present are not cultivable using usual culturing techniques

(Hugenholtz 2002).

Molecular methods on the other hand provides general insights into the genetic
heterogeneity of the soil microbial profiles and allows the identification of specific

microbes without isolation. These culture-independent methods include the evaluation of
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whole genomes or certain genes like 18S and 16S rRNA for eukaryotes and prokaryotes
respectively. The usage of 16S phylogenic marker is however frequently criticized
because of its heterogeneity that exists among operons that belong to similar genome
(Acinas et al, 2004) or its lack of resolution at species category (Pontes et al, 2007).
Irrespective of those shortcomings, it is however still considered as a ‘gold standard’ for
the identification of bacterial since it is sequenced rapidly and easily as documented by
Spiegelman et al, (2005). The 16S rRNA has also been extensively employed in
determination of microbial diversity since the genes are functionally and structurally
preserved and pose highly and variable conserved regions (Hugenholtz, 2002). The
method however dependents highly on the success of DNA isolation, presence of DNA
restriction or amplification inhibitors, primer choice and discriminating analysis power

(Kowalchuk et al., 2006).

The modern development of high-throughput sequencing technologies has given room for
a profound understanding of the microbial diversity in different soils around the world
(Zarraonaindia et al., 2015). High throughput methodologies that are DNA characterized
like sequencing and sequence alignment, are used directly to determine composition and

variation in microbial species with low richness (Shi et al., 2014; Zhao et al., 2014).

NGS sequencing technologies are used for deeper investigation of microbial communities
and are essential in the presentation of unbiased view of phylogenetic and functional
diversity of microbial profiles in the environment (Zwolinski 2007). Next Generation
Sequencing techniques(NGS) are the current standards for the generation of genomic data,
which produces rapid information at low costs (Metzker 2010) and recovery of DNA

sequence data directly from environmental samples have been made possible (Sogin et
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al., 2006). NGS possesses high degree of parallelism and uses reaction volumes that are
smaller compared to the convectional Sanger sequencing, leading to generation of large
amounts of data, lesser sequencing time and reduced costs although at the expense of
shorter read lengths and increased error rates (Wang et al., 2012). With comparison to the
conventional Sanger sequencing, NGS methods uses smaller reaction volumes and has
high degree of parallelism which enables usage of low costs to offer large amounts of data
at shorter sequence time with shortcomings of high rates of error and shorter read lengths.
Among the NGS methods, Illumina Miseq sequencing platform is the most efficient and
widely used technology worldwide (Lindahl et al., 2013) because of its low error rate and
cost per million bases although it needs diagnostic regions that are short, about 300 base

pairs for its effectiveness.

2.5 Soil Physicochemical Properties Under Different Cropping Systems

In sub-Saharan Africa, conversion of natural ecosystems into agricultural lands has been
taking place tremendously, with significant portions under production of crops like maize.
The freshly cultivated soils may be nutrient rich due to soil aeration inducing the
mineralization of organic nutrients. However, it has been shown that these soils can lose
their efficiency within 25 years under continuous cultivation without organic/inorganic
fertilizer application as a result of nutrients loss and structural stability loss (Ushio et al.,
2010). Fertility depletion in tropical soils that dominates Africa is known to be mainly as
a result of continuous cropping with lack of proper replacement of nutrients (Oyamo et
al., 2016). Researches are therefore required to explore the potential changes occurring in

soil under cultivation of natural ecosystems.
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Successful agriculture demands for the sustainable utilization of soil resource, since soils
are known to easily lose their quantity and quality in a shorter period of time due to several
reasons and therefore a success in soil management in maintaining the quality of soil will
depend on the understanding of soil response to different agricultural practices overtime.
Assessment of impacts of management systems on conditions of the soil is therefore
essential for understanding and monitoring management effects practices on properties of

soil and sustainability of soil productivity (Martyniuk et al., 2015).

The implementation of suitable land management methods and land use planning would
help in both restoring the degraded soil physicochemical quality and ensuring stable and
sustainable productivity (Ovela and Philip, 2014). Few reports exist on the effects of
continuous cropping on the nutrient stocks and properties of soil under small holder
farmers’ conditions in the developing countries. The quality of soil is therefore becoming
an important resource in raising productivity of crops in order to meet the food security in
developing countries (Negasa et al., 2017). Yesilonis et al., (2016) found out that suitable
cropping systems plays an essential role in improvement of organic matter stock and also
in maintaining of the soil nutrients which are important for both plants and the soil
microorganisms. Nonetheless, there are limited evidences that have evaluated
characteristics of soil under various cropping systems that are managed by smallholder
farmers within the River Isiukhu watersheds of Kakamega, western Kenya. The existing
literatures have also proved that more is needed in understanding the impacts of
continuous cropping systems on soil quality indicators for suitable measures that improve

proper crop production to be taken.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study Area

The study was done along river Isiukhu watersheds within Kakaemga county (0°07'30”
and 0°15’ N and between 34°20'32"” and 35°57'30" E, at an altitude of 1250—-2000 meters
above sea level). This watershed covers an area of approximately 8400km?. The key
economic activity of the local inhabitants is agriculture with livestock and cash crops such
as sugar cane, beans, maize and tea (Ojiem, 2006). The annual rainfall ranges between
1000mm and 2100mm. Mean day temperature ranges from 28° C to 32° C. Southern part
is characterized by mainly poorly drained clay ferral soils and the northern part is endowed
with well drained sandy clay arcisols (Sombroek et al., 1982). The study site is
categorized as a humid forest agroecological zones and the climate presents a growing

period of 300-350d for upland crops.
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Figure 3. 1: Map of the Study Area.

3.2 Study Design

Purposive sampling was used in which the treatments consisted of different cropping
systems (maize and bean intercrops, sole sugarcane and Napier grass fields) and the
different treatment were chosen basing on the most common practices carried out by
farmers according to different cropping systems. The crops had been planted continuously
for a minimum of five years on the same field. These agricultural practices were assessed
alongside long term wild forest coverage site. The sampling areas included Ikolomani,
Township, Bukhaywa and Magakha (forest), located in Ikolomani, Lurambi and Shinyalu

sub-counties respectively.
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3.2.1 Soil Sampling

A total of 450 samples were collected in different cropping systems (30 farms x 5 sampling
points per farm x 3 sampling replicates/ sessions. From each sampling area, 3 farms for
each cropping system were selected, however only one site was considered for forest
samples.

Prior to soil sample collection, an area of 10m by 10m was selected on each of the 30
farms sampled. Soils samples were obtained using a 5cm internal diameter soil auger by
drilling into the ground.

Soil samples were obtained from 0 - 20cm layer after removal of surface vegetation and
litter, 1 at the centre and 4 at 4 equidistant points at the perimeter of 10m x 10m area. The
samples were stored in zip lock bags and taken for laboratory analysis at Masinde Muliro
University of Science and Technology where plant residues were removed.

Single soil samples collected from each cropping system were pooled and mixed
thoroughly to form one sample for each site, hence leading to in 84 composite samples.
The soil was then air dried and then passed through a 2mm sieve prior to analysis. Sub-
samples were then analyzed for physicochemical parameters. The remaining soil was

stored at -20° C until DNA extraction.

3.2.2 Estimation of Soil Bulk Density

Soil bulk density were obtained as defined by Anderson and Ingram (1993). The core rings
used for soil sample collection were pressed firmly on the soil by use of soil auger from 0
— 5 cm depth. The excess soil was scraped off from the core rings once the soil has been
collected and the lids fastened to secure the soil samples within the core rings. The samples

were then pre-weighed and dried at 105° C in an oven for 24 hours and the final mass that

17



was weighed and noted. Bulk density was then obtained as the dry mass of soil divided
by the volume using the following formula:
Bulk density (g cm®) = (W2 g - W1 g)/ V cm?
Where:
W1= weight of the core rings
W2= weight of dry soil samples + weight core rings

V = Volume of the core ring

3.2.3 Estimation of soil organic carbon

The samples were air dried for a period of 24 hours, crushed and sieved via a 2 mm sieve.
Organic carbonncontent was obtained by use of Walkley-Black method (Walkley and
Black, 1943).

About 2.0 g of dried soil was weighed into a 250ml graduated conical flask. Titration of
two blank samples (no soil) was done prior to proceeding with any unknown samples for
standardization of Ferrous Sulfate (FeSO4) solution. Potassium dichromate (K2Cr20Oy7)
solution was put in 250 ml conical flask containing the 2g soil using a pipette. The contents
of the flask were then mixed carefully by flask rotation for all the soil samples to be wet.
20ml of concentrated sulfuric acid (H2SOa4) was then carefully added to the flask, under a
fume hood and mixed gradually. The flasks were then left to settle for 5 min in a fume
hood after which distilled water was topped up in each flask to constitute a final volume
of roughly 125 ml, followed by a gentle swirl to allow for mixing.

The samples were then cooled to room temperature and the volume rechecked after half

an hour. Thereafter, 5 drops of Phenolphthalein complex were added then titrated with
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Ferrous Sulfate solution. The samples were then mixed by stirring using a glass rod and
titrated until the color changed to reddish-brown from green. Volumetric readings were
recorded to the nearest X.X ml.
The content of organic carbon in the sample was obtained as follows:
Organic carbon (%) = (B — S) x 0.006)/m) x 100
Where:

B = ferrous solution volume used in the blank titration,

S = ferrous solution volume used in the sample titration;

m = sample mass in grams used in the analysis.
The total soil organic carbon was then obtained as the product of the percentage carbon
content, layer thickness (20cm) and bulk density expressed in g/cm?. The total soil organic
carbon was then scaled to Mg per unit hectare thus giving the estimates of SOC in units

of Mg/ha (Omoro et al., 2013).

3.2.4 Estimation of soil total nitrogen

To determine soil total nitrogen, samples were air dried for 1 day, crushed and passed
through a 2mm sieve. Total Nitrogen content was evaluated by use of the Kjeldahl
Digestion method (Anderson and Ingram, 1993). A soil sample of 0.3g was transferred
into digestion tube followed by addition of 4.4 ml of digestion mixture. The mixture was
then digested by heating at a temperature of 360°C for 2 hours. The digest content was
cooled and transferred to a 50 ml volumetric flask and topped up with distilled water to

50 ml.

An aligot of 10ml of the sample solution was then transferred to the reaction chamber

(steam distillation apparatus), and 10ml of 1% NaOH added. The content was then steam-
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distilled in 5ml of 1% boric acid to which 4 drops of the mixed indicator. The distillation
process was continued for 2 more minutes from the time the indicator turned green. The
distillate was then obtained and titrated with standard HCI. Steam was allowed to pass
through the apparatus for 30 minutes and the blank of the steam checked by obtaining
50ml distillate and titrating with standard HCI. Total nitrogen in the sample was then

calculated as:

% of N in the sample = (a-b) x 0.1xVx100
1000 x w x al

Where:
a = HCl titre volume for the blank
b = HCl titre volume for the sample
v = final volume of the digestion
w = sample weight

al = aliquot of the solution taken for analysis

Total nitrogen was obtained as the product of percentage nitrogen content, layer thickness
(20cm) and bulk density expressed in g C cm-2. TN was then scaled to Mg per unit hectare

thus giving their estimates in units of Mg/ha (Omoro et al., 2013).

3.2.5 Determination of soil pH

Soil sample pH was determined as described by Rhoades (1982) in ratio of soil: distilled
water suspension (1: 1). 10g of soil was placed in an open container and 10ml of distilled
water added. The mixture was stirred for 5-10 seconds and then let to settle for 15 minutes.
The pH meter electrode was then immersed into the soil suspension and the pH value

recorded.
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3.2.6 Determination of Soil Texture
The soil texture was obtained by hydrometer method (Bouyoucous G.J 1936) where by
50g of air dried < 2mm soil (M1) was weighed and placed into 400ml beaker and the soil
saturated by the use of distilled water after which 10ml of calgon solution was added and
this was allowed to settle for 10 minutes. The suspension was moved to the dispersing cup
and the volume made to the mark in the cup with distilled water. The suspension was
shaken overnight on reciprocating shaker after which it was transferred into a graduated
cylinder. Hydrometer was inserted into the suspension and water added to 1130ml
followed by the removal of the hydrometer. The cylinder was tightly covered with a fitting
rubber bung and the suspension mixed by carefully inverting the cylinder 10 times and
the time recorded. Three (3) drops of amyl alcohol were added quickly to the soil
suspension to get rid of the foam and the hydrometer gently placed into the column after
20 minutes. At 40 seconds, the hydrometer readings were taken and the temperature of the
suspension measured. This reading was denoted as R1. The mixing of the solution for 10
times was repeated and the cylinder allowed to settle for 2 hours after which both
hydrometer and the temperature readings were noted denoted as R2. The percentage of
sand, silt and clay were obtained as follows:

% sand = (M1-R1/M1) x 100

% clay = (R2/M1) x 100

% silt = 100 — (sand % + clay %)

3.3 Sample Preparation and DNA Extraction

Soil for DNA extraction was pooled according to the different cropping systems and

thoroughly homogenized to form 8 composite samples. Soil weighing 50g each from
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individual farms of all soils based on the different cropping systems were pooled together
and mixed from which total genomic DNA was extracted from 0.25g of soil using
Powerlyzer PowerSoil DNA Isolation Kit (MOBIO Laboratories Inc California- USA)
following the manufacturer’s procedure. A soil sample of 0.23g was was added to
PowerLyzer Glass Bead Tube and 750 pl of bead solution added and vortexed gently so
as to mix. 60 pl of solution C1 was then added and vortexing briefly done. The supernatant
was transferred to a clean 2ml collecting tube, 250 ul of solution C2 added, vortexed for
5 seconds and incubated at 4° C for 5 minutes. The tubes were then centrifuged at room
temperature for 1 minute at 10000xg. A volume of 600 pl of the supernatant was
transferred to a 2ml collecting tube and 200 ul of solution C3 added before being vortexed
briefly and incubated at 4° C for 5 minutes. Centrifugation was done at room temperature
for 1 minute at 10000xg and 750 pl of the supernatant was transferred into a clean 2ml
collection tube followed by addition of 1200 ul of solution C4 to the supernatant and
vortexing was done for 5 seconds. A volume of 675 pl was loaded onto the spin filter and
centrifuged at 10000xg for 1 minute at room temperature. The flow through was castoff
and additional 675 pl of the supernatant was loaded onto the spin filter and centrifuged at
10000xg for 1 minute at room temperature. The remaining supernatant was loaded onto
the spin filter and centrifuged at 10000xg for 1 minute at room temperature and then 500
ul of solution C5 was added and centrifugation was done at room temperature for 30
seconds at 10000xg and the flow through was discarded. The tube was centrifuged again
at room temperature for 1 minute at 10000xg. The spin filter was carefully placed in a
clean 2ml collection tube and 100 pl of solution C6 added to the centre of the white filter
membrane. Centrifugation was done at room temperature for 30 seconds at 10000xg. The

spin filter was discarded and the DNA in the tube preserved for downstream processing.
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3.3.1 PCR Amplification of 16S rRNA

The quality and relative quantity of the extracted DNAs in the samples was determined
using NanoDrop technique (NanoDrop 2000, Thermo Scientific) and kept at -20° C until
Polymerase Chain Reaction amplification (PCR). PCR amplification was done using 2 set
of primers U516F/806R targeting bacterial and archael diversity and LSU200A-
F/LSU476A-R targeting fungal (Ascomycota) diversity, with each primer modified with
diagnostic barcodes to distinguish samples and adaptors for the Illumina system

(Asemaninejad et al., 2016) as shown in Table 3.1.

Table 3. 1: PCR Primers Used in Amplification

Primer Sequence Reference

US16F CCAGCMGCCGCGGTAA Caparaso et al., 2010
UB06R GGACTAACHVGGGTWTCTAAT

LSU200A-F AACKGCGAGTGAAGCRGYACSAT  Asemaninejad et al.,
LSU200A-R CACTSTACTTGTKCGC 2016

The PCR mixture total volume of 25 pl contained 12.5 pl of Accustart 11 PCR Toughmix
mastermix (molecular graded magnesium chloride, dNTPs, Accustart Il hot start Tag
DNA polymerase, ToughMix additives and stabilisers), 1.5 ul of forward and reverse
primers, DNA loading volumes of 4 ul, 0.5 loading dye and 5 pl of nuclease free water.
Negative controls were done using reaction mixture lacking DNA template but with 9 pul
nuclease free water. The thermal cycling scheme used were: 94°C for 1 min, 29 cycles of
94°C for 30 s 55°C for 30 s, 72°C for 18 s and stored at 4°C. Products of from the soil
samples were checked for successful amplification via gel electrophoresis by use of 1%
agarose gel in 1 x TAE buffer. Amplified DNAs were submitted for paired end sequencing
in an Illlumina Miseq sequencer at the London Regional Genomics Centre (Robarts

Research Institute, London Canada.
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3.3.2 lllumina Sequencing Analysis

Illumina MiSeq sequencing of the fungal ITS1 and the 16S rRNA genes was done to
determine the structure of the soil fungal and bacterial community, respectively. The raw
sequences obtained were processed and analyzed by use of QIIMEL Pipeline version
1.9.0. Quality control of the Miseq Illumina sequencing reads was done using NGSToolkit
v2.3 (Patel and Jain 2012). Filter parameters were set at cut-off quality (Phred) score of
20 with a cut-off read length for high quality set at 70%. High quality reads were written
into a separate file. The merging of high quality reverse and forward reads were done

using pandaseq (Andre et al., 2012).

The fasta reads that were merged were quality filtered and reads assigned to their samples
source and metadata mapping file using Qiime script split_libraries_fastqg.py (Bokulich et
al.,2013, Caporaso et al., 2010). Reads that were too short after quality truncation were
discarded. For further analysis, the high quality sequences were clustered to operational
taxonomic units (OTUSs) using an open-reference OTU picking protocol in Qiime pipeline
(Caporaso et al., 2010, Rideout et al., 2014). To achieve that the python script
pick_otus.py was used with the setting enable_rev_strand_match set to true (Rideout et
al., 2014) and against the Greengenes database for bacteria 16S and ITS (DeSantis et al.,
2006). Representative sequences from each OTUs were picked to generate the table out
table biom and checked for chimera with QIIME via ChimeraSlayer (Caporaso et al.,
2010). A new chimera free out table biom was generated for downstream analyses. The
chimera free out table biom containing taxonomy and metadata information was used to

run alpha diversity analysis. The OTUs were grouped into various taxonomic levels
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(phylum, class, order, family and genus) using Qiime workflow script (Caporaso et al.,

2010).

3.4 Statistical Analysis

One-way Analysis of Variance (ANOVA) was used in the determination of the impacts
of cropping system on measured soil physicochemical parameters. Differences between
individual means were tested by Tukey HSD post hoc test. OTUs were grouped into
different taxonomic levels (phylum) and diversity plots were visualized using Emperor.
The relationship between the abundance of specific microbial taxonomic groups with soil
characteristics was assessed by Spearman’s correlation coefficient. All the analysis above
was performed using SPSS software Version 20.0. In all the analysis, statistical

significance was considered at p < 0.05.
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CHAPTER FOUR

RESULTS

4.1: Soil Microbial Profiles Under Different Cropping Systems

A total of 2,449,276 reads were obtained from the 14 samples sequenced. The reads
represented 13,360 sequence variant species including 119 archae, 5814 bacteria, 718
fungi and 1460 were unclassified. The sequences were submitted to NCBI for accession
numbers and the following accession numbers were given; SAMN 16521379, SAMN
16521380, SAMN 16521381, SAMN 16521382, SAMN 16521383, SAMN 16521384

and SAMN 16521385.

4.1.1: Soil Bacterial Profiles Under Different Cropping Systems

A total of twenty (20) bacterial phyla were detected as shown in figure 4.1 out of which
only 12 bacterial phyla were found at a relative abundance more than 1% and 8 phyla at a
relative abundance lesser than 1% as shown in figure 4.1. The 4 most abundant identifiable
bacterial phyla were Acidobacteria (30.2%), Proteobacteria (19.6%), Verrucomicrobia
(12.3%) and Actinobacteria (7.8%) and they were considered as the dominant groups in

all the samples (Figure 4.1).

Other bacterial phyla with relative abundance > 1% were Bacteroidetes (6.6%),
Planctomycetes (4.9%), Chloroflexi (4.5%), Firmicutes (2.4%), Nitrospirae (1.7%),

Armatimonades (1.4%) and Gemmatimonades (1.3%) as illustrated in figure 4.1.
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Figure 4. 1: Relative Abundance of Bacterial Phyla Observed

The relative abundance for Proteobacteria was recorded highest in forest (24.8%) and
lowest in sugarcane (16.4%) whereas the relative abundance for Acidobacteria was
highest in maize and beans cropping system (31%) and the lowest in forest (29%) as
shown in figure 4.2. Verrucomicrobia and Actinobacteria, recorded the highest relative
abundance in sugarcane cropping system (15.1%) and (11.8%) respectively whereas the
lowest was observed in forest (10.3%) and (5.3%) respectively. At subsequent level, 68

classes, 119 orders, 169 families and 205 genera were identified.
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Figure 4. 2: Bacterial Phyla Observed under Different Cropping Systems

4.1.2: Soil Fungal Profiles Under Different Cropping Systems

For fungal sequences, Ascomycota (65.4% of all fungal sequence reads) represented the
most abundant fungal phylum, followed by Basidiomycota (19.2%) and 11.3% of the

sequences were unidentified as shown in Figure 4.3. The Ascomycota and Basidiomycota

therefore formed majority of the fungal sequences observed in this study.
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Figure 4. 3: Relative Abundance of Fungal Phyla Observed

The relative abundance for Ascomycota was greater in maize and beans intercrop and
lowest in napier whereas that of Basidiomycota was highest in napier and least in maize

beans intercrop as shown in figure 4.4.
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Figure 4. 4: Fungal Phyla under Different Cropping Systems
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At the succeeding fungal taxonomical levels, 14 classes, 31 orders, 47 families and 64

genera were detected.

4.2: Effects of Cropping Systems on Soil Organic Carbon, Total Nitrogen and pH

Organic carbon of the soils under different cropping systems varied from 37.03 Mg/ha to
27.15 Mg/ha as shown in Table 4.1. The soils under maize and beans intercrop showed
the highest amount of organic carbon, followed by the sugarcane soils. The lowest organic
carbon contents were recorded in soils under napier after the soils under forest cover.
Significant differences (p = 0.001) were obtained among the SOC levels observed under
the various cropping systems studied and those obtained from the forest. Generally, soil
organic carbon increased in the order of maize and beans > sugarcane > forest > napier.
However, using the Tukeys Post Hoc test, forest and napier soils showed no significance

difference.

The total nitrogen values followed a pattern similar to soil organic carbon (Table 4.1) with
maize beans intercrop having the highest total nitrogen values and the least being shown
under napier soils, and showed significant differences (p = 0.014) among the cropping
systems and forest The levels of soil total nitrogen increased in the order of maize beans
> forest > sugarcane > napier. Nevertheless, when subjected to the Tukey’s test, forest and
sugarcane soils showed no significant differences. The highest pH value was noted in soil
samples under maize and beans and the least being the forest. The pH levels showed
significant difference (p = 0.0001) among the different cropping systems and forest soils.
However, the Tukey’s test showed that the pH values for forest soils were significantly

different from the other soils sampled in the study.
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Table 4. 1: Soil Physicochemical Properties Based on Cropping Systems.

Cropping Systems  SOC Mg/ha TN Mg/ha pH

Forest 27.23+2.3b 2.90£0.3ab 5.22+0.2b

Maize&beans 37.03+1.0a 3.27+0.2a 6.24+0.1a

Napier 27.15+1.6b 2.38+0.1b 6.11+0.1a

Sugarcane 31.89+2.2ab 2.89+0.3ab 6.20£0.1a

Test values df-3;f-7.1; df-3;f-4.3; df-3;f-13.7;
p=0.001 p=0.014 p=0.0001

Textural profiles for the soils observed in this study varied in their percentage silt, clay
and sand as shown in in Table 4.2. Significant differences were observed (df-3, f-3.37, p
= 0.034) in the percentage sand content among the different cropping systems with the
highest percentage of sand recorded among the forest (77.67%) and the lowest recorded
among maize and beans intercrops (55.89%). There was no statistical difference observed
among soils under maize and beans intercrops, napier and sugarcane with respect to

percentage sand.

Table 4. 2: Soil Texture of the Cropping Systems Sampled

Cropping
systems

Forest

Maize & beans

Napier
Sugarcane
Test values

% sand

77.67+1.7a
55.89+2.7b
58.33+4.6b
63.44+3.9b

df-3; £-3.37
p=0.034

Texture

% silt
4.67+0.7b
13.56+1.8a
10.00+1.5ab
10.00+1.6ab

df-3; £-2.90
p = 0.054

% clay
17.33+1.5b

29.22+1.8a
29.33+3.4a
26.89+3.4ab

df-3; f-1.67
p=0.19

Key: Values are means + standard error. Means followed by the same letter are not
significantly different (P< 0.05); Tukey’s HSD test.
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4.3 Relationship Between Physicochemical Properties and Microbial Profiles.

The study observed that the community structure of the soil microbes remained quite
stable across all the different cropping systems but only few phyla correlated with the

investigated soil properties irrespective of the treatments.

Table 4. 3: Spearman’s Correlation Coefficients Between Soil Physicochemical
Properties and Abundant Phyla (relative abundance > 2%)

N SOC pH
Bacteria
Acidobacteria 0.80 1.00** 0.90**
Proteobacteria 0.80 0.40 -0.20
Verrucomicrobia 0.40 0.80 0.60
Actinobacteria 0.40 0.80 0.60
Bacteroidetes 0.20 0.40 0.00
Planctomycetes 1.00** 0.80 0.40
Chloroflexi 0.8 1.00** 0.80
Firmicutes 0.40 0.20 -0.40
Funqi
Ascomycetes 1.00** 0.80 0.40
Basidiomycetes -0.80 -1.00** -0.8

Value represents correlation coefficients ** p < 0.01

Strong correlations were detected between various microbial phyla and some soil
parameters like pH, SOC and TN as shown in Table 4.3. Of the bacterial phyla with
relative abundance > 2% only the Acidobacteria and Chloroflexi were positively
correlated to SOC (Table 4.3). Acidobacteria was also positively correlated to soil pH (p
< 0.05). Proteobacteria, Verrucomicrobia and Actinobacteria, Bacteroidetes and
Firmicutes were not apparently correlated to any of the soil properties (p > 0.05).
Planctomycetes also showed a positive correlation with TN. Under fungi, Ascomycetes
were positively correlated with TN while Basidiomycetes showed a negative correlation

with SOC (p < 0.5).
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Based on the Shannon diversity index maize-beans cropping system and the forest had the
highest diversity and indices were almost similar (Table 4.4). Sugarcane had almost four
(4) lower diversity than the two systems. Similarly, Chaol index showed that sugarcane
cropping system had the least diversity forest and maize -beans cropping system had the

highest (Table 4.4).

For fungi, the highest Shannon diversity indices for was found in the sugarcane cropping
system (7.7) followed by maize-beans (6.19) and forest (4.79). Napier grass had the least
diversity (Table 4.6). Based on the Chaol diversity index, sugarcane had the highest
followed by the forest and napier. On the contrary the least diversity of fungi was in the

maize-beans intercrop (Table 4.4).

Table 4. 4: Microbial Alpha Diversity under the Different Treatments

Bacteria

Cropping System Chao 1 Shannon
Sugarcane 55 3
Maize and Beans 76624.57 11.17
Forest 87037.94 11.09

Fungi
Sugarcane 9593.02 1.7
Maize and beans 6385.88 6.19
Forest 7889.22 4.79
Napier 7447.23 1.65
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CHAPTER FIVE

DISCUSSION

5.1 Microbial Profiles Under Different Cropping Systems

Microbes play an essential role in the cycling of material and transformation of energy in
the soil ecosystem (Zhang et al., 2019) and the soil microbial profiles therefore represents
an important aspect to be put into consideration when investigating the effects of different
cropping systems on properties of soil. This study determined and compared the
composition of soil microbial profiles present under different cropping systems namely
napier grass, sugarcane and maize and beans intercrop, together with a conserved portion
of the tropical forest along River Isiukhu watershed in Kakamega County. In the present
study, a high throughput method of metagenomics was employed to understand the
microbial structure and diversity of soils in an equatorial rain forest ecosystem, influenced

by different agricultural practices.

5.1.1 Soil Bacterial Profiles Under Different Cropping Systems

The first hypothesis of this study that cropping systems practiced in small holder farms
along river Isiukhu watershed do not influence soil microbial profiles was tested by
investigating microbial community profiles under the different cropping systems in the
region. The results obtained revealed that Acidobacteria, Proteobacteria,
Verrucomicrobia and Actinobacteria represented the most predominant bacterial phyla in
the study site. This finding is in agreement with previous researches done by Nie et al.,
(2018), Cui et al., (2017) and Sun et al., (2015) who also found that Acidobacteria,

Proteobacteria, Actinobacteria and Verrucomicrobia as among the dominant bacterial
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phyla in soils representing between 60% - 80% of all the phyla detected. Meisinger et al.,
(2007) has shown that some members of the Acidobacteria phylum are always in
association with those of Gammaproteobacteria, a class under the Proteobacteria. This
association has been observed to forms the root of ecological relationship that exists
between Proteobacteria and Acidobacteria which influences the position of each other in
the community (Kielak et al., 2016). The composition of the dominant bacteria across all
the treatments were similar at the phylum level although their taxa relative abundance
varied among the different cropping systems thus demonstrating that different cropping
systems influenced taxonomical microbial community soil structure below the phyla
levels. Generally, microbial profiles of soil have been observed to be affected by land use
and farming practices including cropping systems. In this study, forest soil presented
higher abundance of Proteobacteria than sugarcane and maize and beans intercrop
whereas Acidobateria was lowest in forest when compared to sugarcane and maize and
beans intercrop. These findings contradict those observed by Jangid et al., (2008) in the
USA who observed that Proteobacteria showed high relative abundance in forest,
whereas, Acidobacteria were found in less abundance in cropland soils as compared to the
observations made under forest soils. This two studies may have differed in terms of the
different cropping systems and practices studied. In the current study, forest ecosystems,
farms under sugar cane, maize and beans and napier were studied whereas in the study by
Jangid et al (2008), different systems of agricultural management namely grazed and
hayed pasture and conventionally tilled crop land were investigated. The
Alphaproteobacteria was among the most abundant classes comprising of order

Rhizobiales, which plays a critical role in nitrogen fixation (Liu and Liu, 2013).
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The relative abundance of Acidobacteria was observed to be highest under maize and
beans cropping system. This may be due to the high SOC and TN contents present in these
soils attributable to high levels of residue return under maize and beans cropping systems.
This was in line with study done by Navarrette et al., (2013), who also found high relative
abundance of Acidobacteria under continuous maize cropping system with high levels of
SOC and TN and attributed this to attributed this to high volumes of residues returned to
the soil. Acidobacteria prefer soil environment that has high carbon levels (Voriskova and
Baldrian, 2013) and are therefore connected to availability of soil carbon and nitrogen

(Jones et al., 2009).

Additionally, cropping systems may impact on soil biological characteristics thereby
influencing microbial characteristics. Sugarcane crop residue for instance influence the
biological characteristics of soil by influencing verrucomicrobial abundance in soils
(Graham et al., 2002). In this current study, Verrucomicrobia relative abundance was
highest in sugarcane cropping system and lowest in forest. Our results contradicted with
those documented by Brewer et al., (2016) and Fierer et al., (2013) who observed that
Verrucomicrobia are reactive to soil disturbances and therefore often show lesser
abundance under intensively managed conditions like those under agricultural use. It is
however not clear why Verrucomicrobia were more abundant in disturbed systems than
relatively pristine ecosystems like those under forest cover in this study and therefore calls

for more investigations.

Variations in soil physicochemical properties, also may influence microbial diversity in
soils, decline in the relative abundance of Actinobacteria in soils has been associated with

reduction in the soil pH (Lauber et al., 2009, Rousket et al., 2010). In this study the
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phylum Actinobacteria was highest in sugarcane and lowest under the forest soils, this
finding could be therefore be attributed to soil pH conditions as the forest soils in this

study were characterized by a lower pH values.

5.1.2 Soil Fungal Profiles Under Different Cropping Systems

The fungal taxa relative abundance observed in this study was in line with those observed
in soils of other tropical regions (Kerfahi et al., 2014, McGuire et al., 2014). Kerfahi et
al., (2014), McGuire et al., (2014) have also reported that Ascomycota and Basidiomycota
are the most main phyla in the tropics. Lynd et al., (2002) has attributed dominance of
Basidiomycota and Ascomycota in soils to their capability to degrade dissolved organic

matter including polyphenolic compounds and cellulose aerobically.

5.2 Effects of Cropping Systems on Soil Physicochemical Properties

The second hypothesis that cropping systems practiced in small holder farms along River
Isiukhu watershed do not influence the physicochemical parameters of the soil was
verified by analyzing soil physicochemical parameters namely total nitrogen, organic
carbon, pH and texture. The results obtained from this study demonstrates a major soil
nutrient attribute that show direct link between soil nitrogen and organic carbon content.
The levels of soil total nitrogen and organic carbon were found to be highest under maize
and beans intercrop cropping system. This conformed with the trends observed in other
studies which documented that soil nitrogen is high where carbon concentrations are also
high (Sakin 2012). Factors that increase availability of organic matter input into soils play
an important role of increasing levels of both soil organic carbon and total nitrogen. In

this study, the high soil nitrogen and carbon levels under the maize and beans intercrop
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and sugarcane can be attributed to great residue returned to the soil and probably effective
root depth of these cropping systems (Cunha et al., 2011). The dense root system built by
sugarcane offers protection of the soil from losses of nitrogen and carbon stored in the
topsoil layer (Cunha et al., 2011). Additionally, the nitrogen input from the legume crop,
beans, serves important role in cycling of nutrients and soil organic carbon accumulation
thus raising the levels of organic carbon and total nitrogen in the maize/beans intercrop

soils.

Generally, soil organic matter levels are dependent on the balance between the degradative
effect of tillage, harvest that entails the removal of above ground vegetation and organic
input (Zotarelli et al, 2007). Forested soils had lower levels of organic carbon as compared
to maize and beans intercrop and the sugarcane soils. Zotarelli et al, (2007) demonstrated
that non tillage slows down organic matter decomposition in soils. Non tillage of soils
offers a physical protection and storage of organic carbon, which normally occurs through
aggregation of soil. Physical protection of soil organic carbon therefore leads to inhibition
of organic matter decomposition, thus lowering down the decomposition rate of organic
matter (Van Groenigen et al., 2010; Zotarelli et al., 2007) and this could have contributed
to the low levels of carbon recorded under forested soils. Much carbon in the tropical
forests is often stored in live biomass rather than the soils as opposed to other biomes in
which soils forms the dominant carbon storage as revealed by Rachel (2014) which might
account for the low levels of carbon witnessed under the forest soil, even though the
current study did not investigate on carbon storage in live biomass. In the forest
ecosystem, there is quick recycling of nutrients as a result of ants, termites and soil

microbes action over the scale of weeks (Rachel, 2014) and these might have also
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contributed to the reduced levels of nitrogen and carbon experienced under the natural

forest.

Soil types also influence soil organic matter content as it has been shown that the very
sandy nature of the soils stimulates organic matter loss and decomposition (Guimaraes et
al., 2014), whereas clay soils possess a protective effect on the organic matter (Zhao et
al., 2006). Clay particles have been reported to hold as much as 50% of the soil humus in
organo-mineral complexes and thus protected from rapid decomposition (Muller and
Hope, 2004) and it is on this basis that possibly in this study low organic carbon and
nitrogen content was reported for soils under forest that are e characterized by very sandy

soils.

Removal of above ground vegetation contributes significantly in reduction of carbon and
nitrogen pools in soils (Chen et al., 2014). The low total nitrogen and organic carbon
levels reported for soils under napier in this current study may be attributable to
continuous removal of vegetation as pasture for domesticated livestock in the study area.
Above ground vegetation removal limits the recycling of carbon and nutrients through
decomposition of litter therefore resulting to the lowest soil total nitrogen and organic
carbon (Wan and Luo, 2003), and therefore explain why soils under napier farming in this

study recorded low levels of SOC and TN.

In the current study, the forest showed the lowest pH of 5.2 as compared to maize and
beans intercrop, sugarcane and napier cropping systems. The low pH of forest soils
recorded in the current study was in line with other researches done in tropical rain forests

(Pereira et al., 2013 and Posada and Schuur, 2011). The acidic conditions under forest are

39



believed to be generated by the accumulation of both basic and acidic cations due to
environmental factors such as high average annual precipitation (Posada and Schuur,

2011).

5.3 Relationship Between Physicochemical Properties and Microbial Profiles.

In this study, pH was observed to be less important as an environmental force in the
shaping of fungal community structure as no relationship was established. Generally,
fungi have the capacity to tolerate wider pH range for optimal growth and extracellular
enzyme activity (Beales, 2004), and thus may not be influenced by pH as demonstrated in
this study. Zhong et al., (2015) in a recent study has shown that SOC and TN are more
closely correlated to the bacterial community profile as compared to pH. This study
nonetheless observed that Ascomycetes are positively correlated with TN, while
Basidiomycetes showed a negative correlation with SOC. Wang et al., (2017) also
observed positive correlation between Ascomycota and TN. Overall, different farming
practices on the communities of soil bacteria have shown that soil bacteria are greatly
affected by soil physical and chemical characteristics, whereas the fungal communities
have proven to be affected negatively or remain unchanged by these practices (Luo et al.,

2015).

This study demonstrated that the maize and beans cropping system showed the greater
bacterial diversity. This conquered with study done by Hamamoto et al., (2018) who
revealed greater Shannon bacterial diversity under soils of intensively cultivated maize
sites as compared to forest and watermelon sites. The high diversity of bacteria observed

under maize and beans cropping system could be as a result of direct contact between
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substrates under agricultural practices and bacteria which facilitates the growth of bacteria
and may reflect the direct contact of crop roots which causes stimulation of release of
more nutrients by the roots (Song et al., 2007). Beans are leguminous plants and therefore
nitrogen fixing bacteria in association with their root nodules would be released into the
soil in rotting root material and this could therefore account for the greatest richness under
this cropping system. In this study, maize and beans intercrop soils had a higher pH which
might also have contributed to the greater bacterial diversity under this cropping system
as it has been shown by Lauber et al., (2009) that a higher pH is frequently linked to
greater soil bacterial diversity. The high bacterial diversity observed under the maize and
beans system however could indicate that certain cropping systems may not necessarily

reduce the diversity of soil microbes.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study intended to determine the microbial profiles, soil physicochemical
characteristics and establishing the relationship between the microbial profiles and the
physicochemical properties of small holder farms under different cropping systems along
river Isiukhu watershed in Western Kenya. It is therefore the first study to be carried in
the region highlighting the impacts of different cropping systems on microbial profiles.
The relative abundance and microbial profiles in different cropping systems was
determined by Next Generation Sequencing. In conclusion:

Results from this study showed that Acidobacteria, Proteobacteria, Verrucomicrobia and
Actinobacteria were the most abundant bacterial phyla while Ascomycota and
Basidiomycota were the most abundant under fungi. Contrary to our first hypothesis, the
soil microbial profiles were influenced by the different cropping systems although the
dominant bacteria were similar at the phylum level but their abundances varied under the
different treatments thus demonstrating that the different cropping systems influenced
taxonomical microbial community soil structure below the phyla levels.

Soil physicochemical properties were markedly influenced by the different cropping
systems whereby both soil total nitrogen and organic carbon were highest under maize
and beans intercrop and lowest under napier soils while pH was lowest under forest soils
and highest under maize and beans intercrop. These results also contradicted with our
second hypothesis in that significant differences were recorded under the soil organic

carbon, soil total nitrogen and pH among the different cropping systems.
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Acidobacteria, Chloroflexi, Basidiomycota were affected by SOC whereas
Planctomycetes and Ascomycota were affected by TN. Only Acidobacteria was affected
by pH. This implied that there was a unique relationship between the specific subset of
bacterial phyla rather than all and the selected soil physicochemical properties. Shannon
diversity index confirmed greater bacterial diversity under maize and beans intercrop and
lowest under sugarcane while considering the fungal diversity, a greater diversity was
observed under sugarcane and lowest in napier soils. This shows that different cropping

systems affects underground soil microbial diversity.

6.2 Recommendations

Degradation of soil due to cultivation is becoming severe in sub-Saharan Africa and there
currently exist few reports on soil microbial profiles in this region. More studies are
therefore needed to better understand soil microbial community profiles and how they
differ with various cropping systems. Cropping systems such napier grass have a great
negative impact on the microbial diversity in the watershed, and appropriate farming
approaches should be explored that can reduce this effect.

Since this study only analyzed samples from the short rain season, future studies should
consider longer periods of time in order to gain a better understanding of microbial profiles

and diversity in response to different cropping systems.

Cropping systems that reduces the levels of SOC and TN in soil should be noted and
therefore enhanced with organic manure in order to increase the relative abundance and

diversity of soil microbes.
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Appendix 1: Soil texture triangle (format-USDA) used to assign textural classes of soil
under study based on particle size distribution.
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