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ABSTRACT

Common Bean (Phaseolus vulgaris L.) is some significant vegetable crop rich in
protein, carbohydrates, and Vitamin B complex, used as a source of protein or cooked as
a vegetable. It is associated with improving capillary resistance, inhibiting inflammation
and act as an anticancer. Common beans face a major challenge of pests and disease
hence lowering production yield. Some of the diseases are root rot triggered by
Rhizoctonia solani and Fusarium solani. Application of chemical products and cultural
practices are not effective in managing these diseases. Therefore, a sustainable,
affordable, and effective control method needs to be devised to minimize the effect of
bacterial plant diseases on the quality and quantity of bean yield. The use of bio-control
agents is hypothetically self-sustaining, provides a non-target approach, spreads on its
own, and is environmentally friendly. This study evaluated the biocontrol potential of
extromophilic bacterial isolates from Lakes Bogoria and Magadi for against Fusarium
solani and Rhizoctonia solani pathogens in beans. To explore biocontrol frontiers, a total
of 110 bacteria were isolated from water, sediments, and soil of both lakes. Their
antifungal properties were determined by co-culturing analyzed using SAS (ANONA)
were; 17 (34.7%) isolates from L. Bogoria and 25 (41%) isolates from L. Magadi had
varying mycelium inhibition rate for both Fusarium solani and Rhizoctonia solani. The
characterization of the bioactive isolates revealed that 84.2% were Gram-positive and
15.8% were Gram-negative. The graphical analysis of bacterial isolates grew well at pH
7.0 and 8.5 though there was recorded growth in pH 5.0 and 10.0. In terms of
temperature, the optimum temperature recorded was 30-35°C with optimum salinity of
0-0.5M NaCl. The bioactive isolates were assayed for their ability to produce secondary
metabolites whereby; most of the isolates produced phosphatase, pectinase, chitinase,
protease, Indole-3-acetic acid and Hydrogen Cyanide making them potential biocontrol
agents. Analysis of the partial sequence using BLASTn indicated 84.2% of the isolates
were affiliated to Bacillus spp and 15.8% were affiliated to members of
Gammaproteobacterial. Isolates B7, B11, B20, B21, B26, B29, B30, B32, B38, B39,
M9, M10, M16, M47, M50 and M60 clustered with Bacillus at 98.71-100% similarity
index. Isolates B12, B17 and B19 clustered to Gammaproteobacterial with 99.59-100%
similarity index. In assessment for the selected isolates in greenhouse experiment, seed
bio-priming showed significant change in terms of root mortality, germination rate, plant
height, plant biomass, chlorophyll content, Phenylalanine ammonia-lyase, Polyphenol
oxidase, Peroxidase and phenolic content compared to pathogen inoculated controls. In
conclusion, lakes Bogoria and Magadi harbors beneficial microbes that can be used as
biocontrol agents against Fusarium solani and Rhizoctonia solani.

XViii



CHAPTER ONE

INTRODUCTION
1.1 Background of the Study

In Kenya, the agricultural industry is considered the most prominent and dominant,
contributing up to 33% of GDP (Richardson, 2012). Vegetables are an important sector
since they ensure food security and improve the livelihoods for small-scale farmers.
Common beans (Phaseolus vulgaris L.) is an herbaceous annual plant grown for its
edible dry seeds or green (Figure 1.1). Its leaf is also occasionally used as vegetable and
fodder. It is a member of the legume family Fabaceae as it acquires the nitrogen through
association with rhizobia. They grow well at 15°C to 27°C and will withstand up to a
temperature of 29.5°C. The ideal growing condition is a rainfall of 350mm-550mm with
the combination of low relative humidity to reduce the risk of fungal and bacterial
diseases (Richardson 2012). They are warm season crops though very sensitive to
temperature extremes. For instance, low temperature slows down plant growth, while
high temperature accelerates it. Common beans are more adaptive during short days;
they are very frost tender and need a minimum average soil temperature of 18°C to

germinate well (Rathna Priya and Manickavasagan 2020).



Figure 1.1: Common Beans. Source: JKUAT Field

Common bean is a stable food rated second after maize since, and contain nutritional
value, protein content , affordability, storage stability, drought tolerance and dietary
diversification (Celmeli et al. 2018) . The importance of common beans is that it does
not require any industrial processing compared to other cash crops. Additionally it is a
source of protein, minerals, fiber, thiamine, folate, and phytochemicals with analgesic
and neuroprotective properties (Blair et al. 2013; Castro-Guerrero et al. 2016).
According to Blair et al. (2013), it contains iron, zinc, and other microelements generally
found to be in low concentration in cereals seed crops and root or tuber, making it a
good candidate for bio-fortification. Common beans are high in dietary fiber which
promote digestive health, regulating blood sugar level and aiding in weight management

by providing a feeling of fullness and preventing overeating.

According to Castro-Guerrero et al. (2016), common beans are a vital cash crop for
many smallholder farmers in Kenya whom they sell their bean harvests in local markets,
generating income for their households and communities. This contributes to poverty

alleviation and overall economic development, particularly in rural areas. Additionally,



Kenya exports common beans to various international markets, including neighboring
countries and beyond. The export of beans contributes to foreign exchange earnings,
supporting the country's balance of trade. The demand for Kenyan beans is significant
due to their quality and taste, enhancing the country's reputation as a reliable exporter.
Common beans have contributed to value addition in the form of processing beans into
various products like canned beans, bean flour, and packaged beans increases their
market value. This value addition provides additional economic benefits and opens up
new markets for the bean industry. In terms of income, an average annual family income
of USD $50.8 with a per capita share of USD $6.60 is generated specifically by common
bean production.

Kenya is the largest producer of beans in Eastern and Southern Africa (Duku et al.
2020). In Kenya, it is grown in all areas. However, Eastern, Nyanza, Central, Western,
and Rift valley are the major growing regions. Some of the varieties which are grown in
Kenya include Mwitemania, Rose coco, and Canadian. According to KALRO, from
2010 to the present, Kenya's imports of beans have dropped, and this discrepancy is

supplemented by imports from Uganda, Ethiopia, and Tanzania.

Pests and diseases contribute to the significant challenge for bean production. Some of
the pests include; cutworms, bean fly, red spider mites, aphids, pod borers, white flies,
and thrips (Mahmoud and Mahmoud 2016). A disease that affects beans includes block
root rot, damping-off diseases, bean rust, Fusarium wilt, Rhizoctonia root rot, bacterial
blight (Late, leaf, and web), and downy mildew. According to Muriungi JS et al. (2013);
Sj et al. (2014), apart from pests and diseases, soil infertility and environmental stress
also contribute to the low production of beans. There was a decline of 13.8% of total
common bean production over the past 5 years as reported by Gossen et al., (2016) and
Richardson, (2012). The decline is contributed by root and stem rot disease contributed
by Rhizoctonia and Fusarium fungi and approximately 84% caused by Pythium,
Fusarium, Rhizoctonia, which is most challenging to identify and control (Ajayi-
Oyetunde and Bradley 2018; Tamiru and Muleta 2018).



Fungicides have been used over the period, but their effectiveness is compromised
(Andrés et al. 2016; Gossen et al. 2016; Naseri 2014). They are linked to environmental
pollution, reduces plant growth, nodulation and nitrogen fixation and leading to the
expansion of resilient pathogenic strains (Ashraf et al. 2020). Therefore, biological
control can be an alternative solution in managing Fusarium and Rhizoctonia fungi
(Knodel et al. 2002). It calls for need to expand the biocontrol approach based on

microbial antagonists to eliminate chemicals.

Soda-lakes such as Bogoria, Magadi, and Elementaita harbor extremophiles bacteria that
thrive in extreme environmental conditions that would be lethal to most other forms of
life. These extremophiles have adapted to survive and even flourish in habitats
characterized by extremes in temperature, pH, pressure, salinity, radiation, and other
environmental factors. Studying extremophiles bacteria has provided valuable insights
into the limits of life on Earth and the potential for life in extreme environments on other
planets. They are classified into thermophiles which typically grow between 45°C and
122°C with the habitats being hot springs, geysers and deep-sea hydrothermal vents.
Secondly are the psychrophiles that grow in temperature of below 0°C and 20°C.
Thirdly are the acidophiles growing at extremely acidic environments; alkaphiles
growing at highly alkaline environment and halophiles growing at high salt
concentration with salt flats, salt mines and salt pans as their habitats (Eunice et al.
2020). The study evaluated the potential of bacterial isolates from Lakes Bogoria and
Magadi for biocontrol of both Fusarium solani and Rhizoctonia solani pathogens in

beans.

1.2 Statement of the Problem
Pests and diseases cause a reduction in common bean yield, quality and increase the cost

of production (Schwartz and Marcial A. 1989). Among the most devastating diseases
attacking beans are Fusarium wilt (Zitnick-Anderson et al. 2020), caused by Fusarium
solani (Leep 2016) and Rhizoctonia solani (Al-Hazmi and Al-Nadary 2015) that causes
root rot and hypocotyl diseases (Ajayi-Oyetunde and Bradley 2018) and damping-off
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disease (Chang et al. 2008). In general, pest causes severe losses >80% to the yield and
quality of common beans worldwide (Singh and Schwartz 2010). The root rot
deterioration caused by Fusarium solani and Rhizoctonia solani causes severe vyield
losses of up to >70% in common beans in most parts of the world, with devastating
effects on the significant commercial beans cultivars in East Africa (Amongi et al.
2020).

Secondly, control of bean diseases has been a challenge since, farmers have opted to use
crop rotation strategies based on climate regulation, genetic diversity, and sanitation.
Farmers have also employed manipulating sowing density and time of sowing, choice of
soil, use of varieties, species mixture for a specific condition, and selective weeding
(Trutmann, Voss, and Fairhead 2008). Several sanitation methods, such as removing
debris from the field, burning weed, and early planting, have been ineffective in
controlling Fusarium solani and Rhizoctonia solani. Farmers also use synthetic
chemicals in control of the weed and various pathogens which affects the fertility of the
soil (Atafar et al. 2008), pH of the soil, and they destroy essential microbes in the soil,
affecting the growth of most plants (Manna et al. 2005). Chemical-based strategies have
also been reported to have health issues for consumers (Birnbaum 2008) and contribute
to environmental degradation (Birnbaum 2008). Lastly, there is are limited chemical for
managing Fusarium root rot and damping-off disease caused by Rhizoctonia solani
(Leep 2016).

1.3 Justification
Traditional and chemical methods, has been employed in managing Fusarium solani and

Rhizoctonia solani. These methods have not been effective, cause environmental
degradation, and affect non-target beneficial microorganisms. Therefore, there is a need
to come up with a technological invention in managing the pathogen. Additionally, it is
favorable to replace chemical control approaches with less poisonous biological control
methods. The attractive option is the use of bioproducts from such unique environments

as soda lakes. The benefits of these biological agents are that they influence root

5



colonization ability and determine the population of the pathogen, are self-sustaining,
spread after initial establishment, minimize the input of non-renewable capitals, and
endure disease destruction in an ecologically friendly way. This will provide sustainable
and environmentally sound management options and ensure farmers' increased incomes

and fair prices to consumers.

The study seeks to evaluate an effective bio-product from soda lakes as an alternative
method for controlling Fusarium solani and Rhizoctonia solani in beans. Soda-lakes are
special in terms of their uniqueness and therefore, biocontrol from soda-lake will play a
big role in agriculture. The prospective bio-product is more effective against disease,
promote plant growth, and enhance yield production. Additionally, it should be
environmentally friendly, sustainable, and combat disease compared to conventional

methods.

1.4 Objectives

1.4.1 General Objective
Evaluation of biocontrol potential of bacterial isolates from Lakes Bogoria and Magadi

against Fusarium solani and Rhizoctonia solani in Phaseolus vulgaris L.

1.4.2 Specific Objectives
i. To assess the antifungal activity of bacteria isolated from L. Bogoria and L.
Magadi against Rhizoctonia solani and Fusarium solani.

ii.  To characterize bioactive bacterial isolates against F. solani and R. solani.

iii.  To determine the efficacy of the bioactive isolates against F. solani and R. solani

in greenhouse.

1.5 Null Hypothesis
i.  Bacterial isolates from L. Bogoria & L. Magadi have no antifungal activity

against Fusarium solani & Rhizoctonia solani.
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There is no difference in the bioactive bacterial isolates against F. solani and R.

solani.

Bioactive isolates are not effective in the control F. solani and R. solani in

greenhouse.



CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction

Common beans (Phaseolus vulgaris L.) are an essential component of the production
system and a significant source of protein, especially for the poor in Eastern and
Southern Africa. It is grown mainly for subsistence and contributes to approximately
40% of production, valued at USD 452 million(Duku et al. 2020). Globally, the
production trend has not kept pace with the annual growth rate in population as a result
of both biotic, abiotic, and socio-economic constraints (Mutari et al. 2020). Among the
abiotic factors, drought is primary and common across Eastern and Southern Africa.
Drought is contributed by inadequate rainfall, erratic rainfall distribution, prolonged dry
spell, and delayed onset and early cessation of rains. Additionally, global climatic
change has been a threat to exacerbate the drought problem in some part of country
makes the production of beans unsustainable to the rapid growing population.

It is a warm-seasoned crop that does not tolerate frost or prolonged exposure to the near-
freezing temperature at any growth stage. The crop requires a moderate amount of
rainfall (300-600mm) though, adequate amounts are essential during and immediately
after the flowering stage. Common beans are considered a short-season crop, with most
varieties maturing in a range of 70-110 days from the time they emerge to physiological
maturity (Babirye et al. 2023). The crop is not sensitive to soil type so long as it is fertile
and well-drained.

2.2 Status of Beans Production in Kenya

In Kenya, Common beans are mainly grown in highlands and midlands. According to
Duku et al. (2020), approximately 75% of the annual farming occurs in three regions;
Rift-valley, Nyanza, and Eastern counties. In terms of productivity, rift-valley accounts

for 33% of the national production (Wangui, Mugambi, and Mushimiyimana 2017).



Approximately 1.5 million small-scale farmers cultivate beans. This sums up to about a
million hectares with a yield of 0.6 Metric tons. The consumption rate is approximated
to be 600, 000MT hence resulting in a capital consumption rate of 14-66 kilograms
(Wangui et al. 2017). Therefore, there is an import deficit which Ethiopia, Tanzania, and
Uganda supplement. Katungi et al. (2012) reported that since 2010-2015 imports have
had about a 7% consumption rate though still there is a consumption gap of
approximately 20%. The production of French beans by small-scale farmers was
approximately 112,666MT, which is valued at Kshs. 5.04 billion (Castro-Guerrero et al.,
2016; Katungi et al., 2012; Rathna Priya & Manickavasagan, 2020). The statistics
indicated a significant increase in area harvested, production, and yield from 2010-2020
(Babirye et al. 2023). This increase in output value from $4.4 billion to $5.4 billion.
Worldwide, Brazil and Mexico are examples of major producing countries for national

consumption. Canada, United States, Argentina, and China are exporting countries

(FAO 2011).
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Figure 2.2: Status of Dry Beans Production in Kenya (2017-2019) (Babirye et al.

2023)

In terms of production and distribution, cultivation in Kenya is widespread, but

production concentrates on few counties. In Africa, Kenya is the leading producer of
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common beans in terms of area. However, Kenya is the second in terms of production
after Uganda (Katungi and Farrow Geagrofia 2009). This has been contributed by the
relatively favorable biophysical environment in Uganda compared to Kenya (Babirye et
al. 2023). Common bean is grown twice a year, with the sowing season running from
March to April and from September to October. Kenya grows various types of beans,
including Rose coco, Canadian Wonder, Mwezi Moja, Nyayo, and others. Farmers
choose bean varieties based on factors such as adaptability to local conditions, market
demand, and disease resistance. Common beans are not only consumed domestically but
are also exported to various countries, particularly in East Africa, the Middle East, and
Europe. Export markets play a crucial role in the income generation of farmers (Figure
2.2).

2.3 Challenges of Bean Production in Kenya.

Bean production faces various challenges that can affect the yield, quality, and overall
success of the crop (Duku et al. 2020). Biotic and abiotic factors are significant factors
affecting the production of beans. Some biotic factors include Ophioma species known
as bean stem maggots, aphids, thrips, and white flies (Richardson 2012). Some of the
abiotic factors such as drought, excessive rain, and poor soil fertility have affected bean
production in Kenya (Jacobsen, Jensen, and Liu 2012; Mutari et al. 2020). Additionally,
constraints such as inadequate capital, poor access to improved germplasm, low labor
productivity, and poor marketing infrastructure have resulted in the decline of bean

productivity and also low supply in the market (Birachi et al. 2011).
2.4 Description of Fusarium and Rhizoctonia solani in Bean Crop

2.4.1 Fusarium solani

Fusarium wilt is a significant cause of the poor production of beans. Fusarium spp. is
characterized by its irregular light brown lesion and round (Naseri 2014). The lesion is
seen along the tap root and lower hypocotyl. The physical appearance of the diseased

area looks enlarged and turns brown with time (Figure 2.3). According to Toghueo et al.
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(2016), young seedlings which are infected appear underdeveloped. First leaves are
frequently yellow, which turns necrotic hence result in wilting. Secondary fungi
infections also contribute to the dead of the seedling. The infected roots most often
appear discolored reddish, which is shown to the soil's surface (Figure 2.3). There is also
a sign of the proliferation of the adventurous roots, and for the severe infection, plants
are always undersized, chlorotic, and defoliate early (Akrami et al. 2012).

2.4.2. Epidemiology of Fusarium Root Rot on Beans

Fusarium solani causes Fusarium root decay. The pathogen's characteristics include
microconidia, macroconidia, and chlamydospores, infective spores of R. solani. It
attacks plants by directly all-pervading into the root flesh through injuries and normal
opening. Additionally, chlamydospores allow the pathogen to reside in the soil until it is
enthused by the existence of the seedling root (Leep 2016). Therefore, it allows
mycelium to penetrate the epidermis and reside in the intracellular part of the plant for a
while before it extends to the longitudinal root of a plant. F. solani can be able to survive
indefinitely on the decaying organic matter hence, makes it difficult to effectively

manage its control (EI-Mohamedy and Alla 2013)

In the field, the pathogen can be passed through debris from previously disposal sites for
containment. This is contributing to runoff rain and soil transfer. Management of
Fusarium has been a challenge since chemical and farming practices have been

ineffective in controlling the disease(Gossen et al. 2016; Zitnick-Anderson et al. 2020).
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Figure 2.3: Symptoms of Fusarium solani on the Bean. a)- Causes Adventitious and

Tap Root Rot. b)-Pathogenicity of Fusarium solani. Source: (Leep 2016)
2.4.3 Rhizoctonia solani

It is a soil fungus that results in seed deterioration, root decay, and shoot canker. One of
the characteristics of the disease is that it causes damping-off (Mahmoudi and Naderi
2017). It attacks the stem below and above the soil surface. The young plants die soon
after being infected by the R. solani (Figure 2.4). To the older plants, they develop
reddish-brown canker spread longitudinally laterally the shoot near the soil surface. R.
solani is a source of brick red staining of the dominant part of the inferior stem,
yellowing, inhibiting and rough development, and final demise of a plant (Strausbaugh
etal. 2011).
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Figure 2.4: Symptom of R. solani on Bean Plant; A)-Rhizoctonia Causes the Bean to
Die. B)-Health Common Bean Plant has Green Leaves. Source: (Ajayi-Oyetunde
and Bradley 2018)

2.4.4 Epidemiology of Rhizoctonia Root Decay on Bean

Rhizoctonia solani causes Rhizoctonia root deterioration. The pathogen can endure
hyphae in diseased crop debris for an extended period (Strausbaugh et al. 2011). The
disease affects root tissues by use of propagules, sclerosis, and mycelium. It also can
survive in the soil for an extended period (EI-Mohamedy and Alla 2013). This is
contributed by the plant host, which provides a conducive environment for survival.
Therefore, it has to be transported during planting with infected seed or soil. When the
pathogen meets the plant, it produces appressorium. This makes the fungal take the
young radicle of the emerging seed and causes hypocotyl cuts, foliage, disfiguring, and
shoot canker (Muriungi et al. 2014). According to Strausbaugh et al. (2011), the
pathogen is endangered, especially from biological and biochemical deficiency by
melanized hyphae which are significant for more prolonged survival (Muriungi et al.
2014). The pathogen can feast through gusting infested soil, crop wreckage, for instance,
through the diseased plants' movement and during the rainy season. During moderate
temperatures, the development of the disease is favored. Below is a schematic diagram

showing the infectious cycle of R. solani (Figure 2.5).
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Figure 2.5:Rhizoctonia solani Life Cycle. Source (Ajayi-Oyetunde and Bradley
2018)

2.5 Management of Fusarium and Rhizoctonia on Bean Crop

According to Gossen et al., (2016), synthetic fungicides for seed treatment have low
efficacy in disease management. Additionally, some of the chemicals used include
Captan, Thiram, carboxy, metalaxyl, and difeconazole. Farmers use fungicides, for
instance, methyl thiophanate, chlorothalonil, and fludioxonil which are suitable for soil
application (Asad-Uz-Zaman et al. 2015; Gossen et al. 2016; Tamiru and Muleta 2018).
Despite that, biocontrol agents can manage root deterioration disease caused by R. solani
and F. solani (Akrami et al. 2012, 2013). The advantage of biocontrol is that it provides
a season of long root rot destruction by colonizing and exciting host resistance response.
Some of the microbial agents which have shown antagonist actions against root decay
include; Bacillus subtilis (Gossen et al. 2016)

According to Ajayi-Oyetunde & Bradley (2018); Asad-Uz-Zaman et al., (2015); Gossen
et al., 2016; Strausbaugh et al., (2011); Teixeira et al., (2015), managing root rot by
cultural practices is focused on minimizing inoculum pressure and enhancing crop

health. This is mainly attained by varied crop rotation with non-host plants.
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2.6 Alternative Host of R. solani and F. solani

Weeds like pigweed (Amaranthus spp.), chickweed (Stellaria media), and lambsquarters
(Chenopodium album) are known to harbor R. solani. These weeds can serve as
reservoirs for the pathogen, allowing it to survive and multiply during crop off-seasons.
Certain cover crops, including clover (Trifolium spp.) and rye (Secale cereale), have
been identified as alternative hosts for R. solani (Abbas et al. 2019; Jabnoun-
Khiareddine H 2018). Cover crops are commonly used to improve soil health and
prevent erosion, but they can inadvertently facilitate the survival and spread of the
fungus(Strausbaugh et al. 2011). Ornamental plants like geraniums (Pelargonium spp.)
and poinsettias (Euphorbia pulcherrima) can host R. solani, acting as potential
reservoirs in greenhouses or nurseries. The fungus can persist in the soil and plant debris
associated with these ornamentals. Crop residues left in the field after harvest,
particularly those of susceptible crops like maize and soybeans, can harbor R. solani.
The fungus can survive on these residues, infecting subsequent crops and perpetuating
the disease cycle (Ajayi-Oyetunde and Bradley 2018).

Fusarium solani is another widely distributed and highly versatile plant pathogenic
fungus that causes a variety of diseases in plants. Similar to R. solani, F. solani also has
a broad host range and can infect numerous plant species. Some of its alternative hosts
include (Stefanczyk and Sobkowiak 2018). Various leguminous crops, such as beans,
lentils, and peas, can serve as alternative hosts for F. solani. The fungus can cause root
rot and vascular wilt diseases in these crops, impacting their growth and yield.
Solanaceous crops like tomatoes, potatoes, and eggplants are susceptible to F. solani
infection (Aydi et al. 2016). The fungus can cause damping-off, root rot, and stem
canker, leading to significant losses in yield and quality. Cucurbitaceous crops like
cucumbers, pumpkins, and squash are also known to be alternative hosts of F. solani
(Won et al. 2018). The fungus can infect the roots, causing root rot and wilting of the

plants. F. solani is capable of infecting and causing disease in a variety of woody plants,
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including trees and shrubs. The fungus can lead to root rot, stem cankers, and dieback in
these plants (Jangir et al. 2018).

2.7 Global Microbial Diversity of Soda Lakes.

Soda lakes are predominantly found in the arid, semi-arid and desert regions around the
world (Samylina et al., 2014). Soda lakes from around the world that have been studied
include; Mono Lake (Humayoun et al., 2003; Scholten et al., 2005) soda lakes in the
Kenyan-Tanzanian Rift Valley (Rees et al., 2004), soda lakes in Mongolia (Sorokin et
al., 2004) and Inner Mongolia in China (Ma et al., 2004), athalassohaline lakes of the
Atacama desert, Chile (Demergasso et al., 2004), saline, meromictic lake Kaiike in
Japan (Koizumi et al., 2004), saline Qinghai Lake, China (Dong et al., 2006) and
athalassohaline Lake Chaka, China (Jiang et al., 2006). Despite these studies, the
knowledge of microbial populations in hypersaline/alkaline environments are still

limited when compared with microbial communities in marine or fresh water bodies.

The knowledge about molecular mechanisms of extremophilic microbes stemmed
mainly from studies by Horikoshi (1999) on hot springs in Yellowstone National Park
(Wyoming, U.S.A) that revealed large bacterial communities in the hot spring that had
twelve novel division-level lineages. These studies revealed that members belonging to
the bacterial domain appeared to outgrow the Archaea found the hydrothermal
environment (Keller & Zengler, 2003; Simasi, 2009). Novel obligately anaerobic,
alkalithermophilic, chemo-organotropic bacterium was identified from an alkaline hot
spring located on Paoha Island in Mono Lake, California, USA. This bacterium is rod-
shaped; it reduces Fe (Il1) and Se (IV) in presence of organic matter. The strain was
identified as Anaerobranca californiensis sp. Nov on the basis of physiological
properties, 16SrRNA gene sequence and DNA-DNA hybridization data (Vladimir et al.,
2004).

Subsequent studies of microbial diversity in the hot springs of Yellowstone National
Park in (Wyoming) U.S.A, have shown that although all the hot springs were in close
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geographical proximity, they had similar temperatures (between 85°C and 95°C) and pH
value (7.8-8.9), but differed remarkably in regard to their overall microbial diversity.
This finding indicated that, in the common complexity of microbial diversity in soil,
geochemical variations affect microbial biodiversity and that only studies that
incorporate measurements of geochemical parameters will allow the understanding and

prediction of biodiversity (Simasi, 2009).

Studies by Yanhe in 2004 on Baer Soda Lake located in the Inner Mongolia region of
China, indicated that the 16S rDNA phylogenetic analysis of bacterial diversity in the
alkaline Lake could be isolated and characterized using both culture dependent and
molecular methods. Fifty-three alkalithermophilic bacteria were isolated from the
sediment samples, 20 of the isolates were subjected to 16S rRNA gene sequence
analysis. The results showed some of the clones were related to extremophilic bacteria
from soda lakes such as Alkalispirillum, Thioalcalovibrio denitrificans, and Halomonas
campisalis, while others were related to known species with more than 97 % similarity
from environments that are not alkaline. These isolates were affiliated to the genera
Bacillus, Amphibacillus, Gracilibacillus, Alkalibacterium, Salinicoccus,
Exiguobactrium, Halomonas, Pseudomonas, Marinospirillum, and Cyclobacterium. Out
of the 20 bacterial isolates, 4 were Gram-negative while the rest of them were Gram-
positive isolates (Borsodi et al., 2008).

2.8 Microbial Diversity of Kenyan Soda-Lakes

Kenyan soda lakes range from approximately 5-30% (w/v) of the salinity and pH of 9-
11.5. Lake Magadi is among the most stable, highly alkaline environments on earth,
with a pH greater than 10.5 (Antony et al. 2012). Soda lakes in Kenya have been shown
to have major trophic groups of microbes. Cyanobacteria are less in saline-alkaline
lakes, spirulina platensis, and cyanopsia. Unicellular species, for instance, Chorococcus

spp, have been found as the dominant primary producers.
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Lake Bogoria, which is mainly characterized by hot springs and therefore, has
hyperthermophilic and haloalkalithermophilic microorganisms. The bacteria from this
lake can grow at higher temperatures of >80°C. They can also adapt to high pH, making
them more useful for industrial purposes such as enzymes. Some of the microbes
identified from such an environment included the genera of Nitzchia and Navicular,
which are predominant in these ecosystems. Alkaliphic anoxygenic phototrophic
bacteria belong to Ectothiorhodospira and Halorhodospira genera. These genera can
form visible blooms in the soda lakes and provide substantial contributions to the
primary production. The genera can oxidize sulphide to sulphate and deposit
extracellular elemental Sulphur (Eunice et al. 2020; Kambura et al. 2013; Nyakeri,
Mwirichia, and Boga 2018).

The lakes also contain anaerobic groups such as Desulfonatronovibrio and
Desulfonatronu, which oxidize Sulphur, menthane (Methylobacter alcaphilus), ammonia
(Methylomicrobium spp). The studies on Lake Bogoria reveal diverse populations of
aerobic sulphur-oxidising bacteria of Thioalkamicrobium and Thioalkolivibrio. Several
strains of Bacillus, alcaligenes faecalis, stenotrophomonas, Rhodobacter spp, and
pseudomonas were identified from Kenya soda lakes (Kiplimo et al. 2019; Mwirichia et
al. 2011; Mwirichia, A. Muigai, et al. 2010). Therefore, the study indicates that soda
lakes harbor diverse microorganisms which might have important use from industrial,
medical, agricultural, and plant pathology. The study of the soda lakes has attracted

various scientists to exploit microorganisms in terms of their composition and use.

2.9 Application of Extremophilic Bacteria in Biotechnology

The microbial community in soda lakes has attracted attention as a possible source of
novel microorganisms which can be used as enzymes and metabolites in biotechnology
(Scoon 2018). Most microbes are used as a source of enzymes because they are cheap to
produce, predictable and controllable. Thermoalkaphilic bacteria are believed to have
biotechnological potential as the source of alkali-stable enzymes (Kambura et al. 2013).

Proteases from extremopbhiles are also applied in the manufacture of leather, xylanases
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for use in the pulp paper industry, and cyclodextrin glucosyltransferase for cyclodextrin
manufacture from starch, frequently used in foodstuffs, chemicals, cosmetics, and
pharmaceuticals (Mulango et al. 2020). Glycosyltransferases and hydrolases from
extremophiles are essential because they can perform reactions at high temperatures and
with high contents of organic solvents. Subsequently, they have advantages over

‘conventional’ enzymes (Antony et al. 2012).

Detergent enzymes account for approximately 60 % of total worldwide enzyme
production (Sorokin et al. 2014). They usually have a pH range of 8 and 10. The main
reason for selecting enzymes from alkaliphiles is their long-term stability in detergent
products, energy cost saving by lowering the washing temperatures, quicker and more
reliable product, reduced effluent problems during the process, and stability in the
presence of detergent additives such as bleach activators, softeners, bleaches, and

perfumes (Mwirichia et al. 2010).

2.10 Mode of Action of Soda Lakes as Biocontrol

Soda lakes, with their extreme alkaline conditions and unique microbial communities,
have shown promise as potential sources of biocontrol agents for managing plant
pathogens and promoting sustainable agricultural practices. The mechanisms of action
for utilizing soda lake microorganisms in biocontrol are multifaceted and include both
direct and indirect interactions with pathogens and the plant ecosystem. Here are some

key mechanisms of action (Yehia et al. 2023)

Antagonism and Antimicrobial Compounds: Microorganisms from soda lakes can
produce antimicrobial compounds that inhibit the growth and development of plant
pathogens. These compounds may include antibiotics, secondary metabolites, volatile
organic compounds, and enzymes that have antimicrobial properties (Jabnoun-
Khiareddine H 2018). The antagonistic activity of these compounds directly suppresses
the growth of harmful pathogens. Soda lake microorganisms can outcompete plant

pathogens for essential nutrients and space. By utilizing available nutrients more
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efficiently, they limit the resources available for the growth of pathogens, reducing their
population and impact on plants (Tariq et al. 2020).

Some microorganisms from soda lakes are capable of forming biofilms on plant
surfaces. These biofilms act as physical barriers that prevent the attachment and
colonization of pathogenic microorganisms. Additionally, biofilms can produce
antimicrobial substances that inhibit the growth of pathogens (Yehia et al. 2023). Certain
microorganisms from soda lakes can induce systemic resistance in plants. They trigger
the plant's defense mechanisms, resulting in a heightened immune response against
potential pathogens (Rais et al. 2017). This systemic resistance can provide long-lasting
protection to plants against a range of diseases. Microorganisms from soda lakes may
possess the ability to detoxify harmful substances present in the soil or plant
environment (Cawoy et al. 2014). They can degrade or transform toxic compounds into
non-toxic forms, reducing the detrimental effects of these substances on plant health
(Won et al. 2018; Wu et al. 2021).

Some microorganisms from soda lakes are plant growth-promoting rhizobacteria
(PGPR) that enhance plant growth and vigor by improving nutrient uptake, increasing
root development, and producing growth-promoting substances like auxins and
cytokinins (Sharma et al. 2019). Healthy plants are more resilient to pathogen attacks.
Soda lake microorganisms can modify the soil or rhizosphere environment to make it
less favorable for pathogen survival and growth (Panpatte et al. 2016). This alteration
may include changes in pH, nutrient availability, or the release of substances toxic to
pathogens (Baazeem et al. 2021). Soda lake microorganisms can contribute to stabilizing
the local environment by reducing the impact of soil-borne pathogens, thereby

enhancing soil health and overall ecosystem stability (Jiao et al. 2021).
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2.11 Challenges in the Use of Soda-Lake Microbes as Biocontrol in Agricultural

Environment.

While the use of microbes from soda lakes as biocontrol agents holds promise for
sustainable agricultural practices, several challenges need to be addressed to realize their
full potential effectively. Here are some key challenges associated with utilizing soda
lake microbes as biocontrol agents in the agricultural environment(Panpatte et al. 2016).

Microbes from soda lakes have evolved to thrive in extreme alkaline environments.
Adapting them to more neutral or slightly acidic agricultural soils can be challenging
(Duckworth et al. 2000). Ensuring that they can effectively establish and function in
these different soil conditions is crucial for their efficacy as biocontrol agents (Tamiru
and Muleta 2018). The survival and persistence of soda lake microbes in the agricultural
soil environment, which may have different nutrient availability, microbial communities,
and stressors, is a significant challenge. Enhancing their survival rates and long-term
effectiveness after application is essential for successful biocontrol. Integrating soda lake
microbes into existing agricultural practices, such as crop rotations, irrigation methods,
and the use of fertilizers and pesticides, requires careful consideration (Szilagyi-Zecchin,
Maogor, and Figueiredo 2016). Ensuring that these biocontrol agents do not interfere with
conventional agricultural approaches is crucial for widespread adoption (Antony et al.
2012).

Achieving a high level of specificity against target pathogens while maintaining efficacy
is a significant challenge. Ensuring that the biocontrol agents effectively target and
suppress harmful pathogens without affecting beneficial microbes or non-target
organisms is essential for successful biocontrol. Scaling up the production of biocontrol
agents derived from soda lake microbes to meet agricultural demands is a logistical and
economic challenge (Scoon 2018). Developing cost-effective and efficient production
processes to obtain sufficient quantities for widespread use is critical. Meeting
regulatory requirements for the safe use of biocontrol agents in agriculture is a complex

process. Conducting thorough safety assessments and obtaining necessary approvals
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from regulatory bodies can be time-consuming and resource-intensive (Jangir et al.
2018).

The interactions between soda lake microbes and the diverse soil microbial communities
in agricultural environments are not fully understood. Understanding these interactions
is crucial for predicting the impact and success of biocontrol agents. Public perception
and acceptance of using extremophile microbes from soda lakes in agriculture may
present a challenge (Elmahdi et al. 2015). Public education and awareness campaigns
regarding the safety and benefits of such biocontrol agents are essential to gain public
acceptance (Maina et al. 2020). Assessing the cost-effectiveness and economic viability
of utilizing soda lake microbes as biocontrol agents compared to traditional control
measures is necessary. Demonstrating the economic benefits and long-term
sustainability of these biocontrol strategies is crucial for adoption by farmers (Syed Ab
Rahman et al. 2018).
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CHAPTER THREE

MATERIALS AND METHODS
3.1 Sampling Sites

Lake Bogoria is in the Kenyan Rift-valley (0" 20'N and 36" 15'E). Due to salinity and
alkalinity, its pH is around 9.0. The lake is described as a hot spring with a stream
temperature range from 76-90°C. It is shallow, and it is approximately 34 km long and
3.5 Km wide. Therefore, it has a drainage sink of 700km2 with surface advancement of
990m.

Lake Magadi is a hypersaline lake located in the southern part of Kenyan Rift-valley (2°
S and 36° E) close to the Tanzania border. It has an elevation of 600 m above marine
level. It covers an area of 90 km?, thus referred to as the smaller Rift-valley Lake. Liotta
Hills and Mau escarpment play a significant role in shielding the valley floor from
rainfall; hence it results in approximately 500mm of rainfall for the two rainy reasons.
The lake's location is underneath the surface, and therefore, superficial water is typically
only found around the boundaries of the crystalline deposit where updraft springs forage
the lake (Kiplimo et al. 2019). No permanent river enters the lake basin. But there are
solute supplies of alkaline springs with a temperature of 70°C. The location of the
springs is around the border of the lake (Figure 3.6).
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Figure 3.6: Kenyan Map Showing Sampling Points from Lakes Bogoria and
Magadi.

3.2 Sample Collection

The purposive sampling method was used where the different stations of watering point,
sediment, and soil labeled A, B, and C respectively of thermal spring were sampled. A
total of 100 ml water, 50 g sediment, and soil were collected in triplicate and stored in
sterile tubes. A total of sixteen sampling points from L. Magadi and seven points from
L. Bogoria with a range of 100 m apart was considered for sample collection (Figure
3.7). The physiochemical properties such as temperature, pH, Salt, TDS (Total
Dissolved Solids), and Conductivity were recorded using ISOLAB S/n: 0005596. The
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collected samples were put in a sterile bottle, labeled, and preserved in a cool box (4°C).
They were transported to the Institute of Biotechnology Research Laboratory in Jomo
Kenyatta University of Agriculture and Technology (JKUAT, Nairobi, Kenya), for

further analysis.

Figure 3.7: Sampling Point Showing Sample Collection and Measuring of Physical
Parameters. a) Hot Spring Physical Parameters; b) Offshore of the Lake Soil
Sampling.

3.3 Assessment of the Antifungal Activity of Bacteria Isolated from L. Bogoria and

L. Magadi against Rhizoctonia Solani and Fusarium Solani.

3.3.1 Isolation of Bacteria from Lakes Bogoria and Magadi

The isolation of bacteria strains from water, soil and sediment was carried out using
methods described by Thomas et al., (2015) on modified Nutrient Agar-Himedia [10.0 g
Peptone, 10.0 g Meat extract B#, 5.0 g NaCl and 12.0 g Agar] per liter supplemented
with cycloheximide (0.01 mg) (inhibit the growth of fungus), and 35 g/L (w/v) of salt. A
1 g of soil and sediment were weighed and then homogenized in a sterile test tube
containing 9 mL of sterile physiological saline (0.85% NaCl). The resulting soil and
sediment suspensions were then vigorously vortexed at 150 rpm for 1 min. A five-fold
serial dilution of soil and sediment suspension with physiological saline (0.85% NaCl)

was done in 1 mL to 9 mL. The dilutions were as follows 10°, 101, 102, 102 and 10,
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An aliquot of 30 pL from dilutions 10 and 10 was cultured according to Hartman,
(2011) on modified nutrient agar-Himedia. The plates were incubated at 39.5°C for 24 h,
followed by a subculture of the bacterial colonies using an isolation medium (modified
nutrient agar) until pure colonies were obtained. The isolates were cryopreserved at -
86°C in an isolation medium (Nutrient Agar) supplemented with 20% glycerol for
further analysis. The pure bacterial isolates were characterized using standard

microbiological techniques as described by Mullane (2010).

3.3.2 Preparation of Fungal the Pathogen Inoculum and Pathogenicity Test

Both Fusarium solani and Rhizoctonia solani were obtained from Dudutech Laboratory
(Naivasha). Isolates were sub-cultured on Potato dextrose agar-Himedia (PDA) [200.0g
Potatoes, 20.0 g Dextrose and 15.0 g Agar] per litre, incubated at 30°C for 7 days and

preserved at -80°C for future reference and use.

Soil preparation for pathogenicity was done following the method as described by
Asaka & Shoda (1996) was used. The Tantalization technique was used for autoclaving
the soil for 60 mins at 121°C. Sterilized soil (150 g) was packed in plastic containers of
maximum water holding capacity by adding sterile distilled water (SDW). Both spore
solution of F. solani and mycelium mat of R. solani were inoculated into the soil at a
ratio of 5.0 ml of spore/mycelium to one pot five days before planting the germinated
bean seeds. SDW was used as control. Plant tests followed the procedure reported by
Asaka & Shoda (1996). The seeds were surface sterilized with 70% ethanol for 30 secs
and 5% NaOCI for 5 min and rinsed three times with SDW. After rinsing with SDW, the
seeds were germinated on a 2% (w/v) agar plate at 28°C for 3-5 days. Each pot was
sown with two pre-germinated seeds and placed in a growth chamber at 28°C with 80%
relative humidity under 8 hours of light (about 8,000 lux calculated using Ix = W x (I
m/W) / m2). After two weeks, the percentage of diseased seedlings (disease severity)
was evaluated using a scale from 1-7, as described by Godoy et al. (1990). Furthermore,
plant height, length of the root, root fresh weight, shoot length and shoot fresh weight

were determined.
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3.3.3 Assessment of the Bacterial Isolates for Anti-Fungal Activity against F. Solani
and R. Solani

Bacterial were evaluated for antifungal activity using the co-culture method was used on
PDA media-Himedia as described by Qadri et al., (2013). Bacterial isolates were
perpendicularly streaked across the center of the petri-dish. Two agar plugs (8 mm) were
cut from an active 5 day-old growing pathogen (F. solani and R. solani). The plugs were
placed at the end of each side of the plates. The control of pathogen only was used by
placing active growing pathogen at the center of the plate. The cultures were incubated
at 30°C. The colony diameter of the pathogen was determined by use of Aydi et al.
(2016) formula;

%I. R= [(C2-C1)/C2] *100

Where I. R= Inhibition Rate, C2= Colony diameter of the pathogen in control, and C1=
Colony diameter of the pathogen co-cultured with bacteria.

3.4 To Characterize Bacterial Isolates Activity against F. Solani and R. Solani

3.4.1 Morphological characterization of the bioactive isolates

Standard microbiological criteria were used to describe morphologies of bacterial
colonies with respect to pigmentation, shape, size, color, margin, texture, opacity,
consistency, and pigmentation as described by Mullane, (2010). Gram staining as a
preliminary identification characteristic of each isolate was done following procedure
described by Beveridge, (2001) and Tripathi & Sapra, (2020) using a light microscope
(MD827S30L, USA).

3.4.2 Physiochemical Characterization of Bacterial Isolates

3.4.2.1 Growth at Different Sodium Chloride Concentrations

Bioactive isolates were cultured on Luria-Bertani (LB) Himedia [10.0 g Tryptone, 5.0 g

Yeast extract, 10.0 g NaCl] per litre supplemented with different concentrations of
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sodium (0.0 M, 0.5 M, 1.0 M, 1.5 M, and 2.0 M NaOH), according to the manufacturer.
The optical density (O.D. 600 nm) of the bioactive isolates were recorded after 48 h at
30°C in a shaking incubator at a speed of 120 rpm/min using VERSA MAX
spectrophotometer equipped with SoftMax Pro version 6.4. An uninoculated L.B was

used as a control.

3.4.2.2 Growth at Various Temperatures

Bioactive isolates were cultured on L.B. broth at varying temperatures of 20, 25, 30, 35,
40, 45, 50 and 60°C. They were incubated in a shaking incubator of 120 rpm at varying
temperatures. The growth of the isolates was determined by measuring optical density at
600 nm after 48 h. Blank absorption was obtained using LB Himedia without bacteria

isolates.

3.4.2.3 Effect of pH on Growth of the Isolates

The LB Himedia was prepared by adjusting its pH to 5, 7, 8.5, and 10 using 1 M HCI
and 1 M NaOH. The media was autoclaved and dispensed on sterile tubes. Bioactive
bacterial isolates were cultured on each tube and incubated at 30°C for 48 hours. Optical
density (600nm) was measured using spectrophotometer. Blank absorption was obtained

using LB Himedia without bacteria isolates as control.

3.4.3 Assessment of Bioassay Activity of Bacterial Isolates.

3.4.3.1 Protease Activity

The proteolytic activity of the bacterial strains was assessed following the protocol
described by Saran et al., (2007) on skim milk agar-Himedia (28.0 g S.M. powder, 5.0 ¢
Tryptone, 2.5 g yeast extract, 1.0 g Dextrose or glucose, and 15.0 g Agar) per liter (3%)
(v/v) medium. The bacteria strains were cultured overnight, and 5 pL of the bacterial
suspension was soaked on a filter-paper disc, allowed to dry, and placed on a Petri-dish
containing skim milk agar. Sterilized water was used as a control. The experiment was

performed in triplicate and incubated at 30°C for 24 hours. Proteolytic activity was
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detected by forming clear zones or a halo around the bacterial spots, and the inhibition

zone diameter was measured and recorded.

3.4.3.2 Chitinase Activity

The bacterial strains were screened for chitin hydrolysis by spotting on the center of 1%
CCA (1% Colloidal Chitin, 0.2 g NaNO3, 0.1 g K2HPO4, 0.1 g MgS04, 0.1 g CaCO3,
0.001 g FeSO4_7H20, 0.05 g KCL) media at pH 7.0 (Ebrahim, Usha, and Singh 2011,
Teish et al. 2003). Sterilized water was used as a control. The plates were conducted in
triplicates and incubated at 30°C for 72 hours. Chitinase activity was detected by

forming a clear zone around the bacterial spots.

3.4.3.3 Pectinase Activity

Pectinase enzyme assay was based on the determination of reducing sugars produced as
a result of enzymatic hydrolysis of pectin by the dinitrosalicylic acid reagent (DNS)
method (Miller 1959). A total of 1.5 mL of freshly grown culture was taken for enzyme
assay and centrifuged at 10,000 rpm for 5 min. The enzyme’s source was the supernatant
(100 pL) from the culture broth. In addition, the substrate was prepared by mixing 0.5%
(w/v) citrus pectin in 0.1 M of pH 7.5 phosphate buffer.

From the prepared substrate, 900 pL was added to three clean labeled test tubes; one for
the enzyme, one for the enzyme blank, and one for the reagent blank. Then, 100 pL of
the crude enzyme was added to the test tube labeled as an enzyme, and 100 pL of
distilled water was added to the test tube labeled as regent blank while the test tube
labeled as enzyme blank remained as it was. Then, the test tubes were incubated at 50°C
for 10 min in the water bath. After incubation, 2000 pL of dinitrosalicylic acid reagent
(DNS) was added to all test tubes to stop the reaction. Meanwhile, in a test tube labeled
enzyme blank, 100 pL of the crude enzyme was added after the DNS. Then, all the test
tubes were placed in a boiling water bath (92°C) for 10 min. Finally, the tubes were
cooled, and optical density (O.D.) was measured using a spectrophotometer at 540 nm.

Enzyme activity was measured against enzyme blank and reagent blank. The enzyme
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unit was defined as the amount of enzyme that catalyzes umol of galacturonic acid per

minute (umol min™) under the assay conditions.

Relative activity was calculated as the percentage enzyme activity of the sample against

the maximum enzyme activity obtained:

Relative Activity= (Activity of sample (U) *100)/Maximum enzyme activity (U)

3.4.3.4 Hydrogen Cyanide (HCN) Production Ability

Hydrogen cyanide (HCN) was detected qualitatively by use of Rijavec & Lapanje,
(2016) method. Bioactive bacterial isolates were inoculated on petri-dish containing
nutrient agar supplemented with glycine (4.4 g/L) (w/v). Sterile discs (9 cm diameter)
were soaked in picric alkaline solution (2% Sodium carbonate and 0.5% picric acid) and
placed on the lid of each petri-dish. Un-inoculated control plates were used for
comparison. Plates were sealed with parafilm and incubated at 25°C for 4 days. Color
change from yellow to light-reddish brown indicates a positive HCN production

(Rijavec and Lapanje 2016).

3.4.3.5 Phosphate Solubilization Ability

Phosphate solubilization was done qualitatively, according to Katznelson & Bose
(1959). Bacterial colonies were cultured on Pikovskaya medium. Un-inoculated plates
were used as control. The culture was incubated at 30°C for 7days. A clear zone formed
around colonies due to the utilization of tricalcium phosphate present in the medium was

measured (Tamrela et al. 2021).

3.4.3.6 Indole-3-Acetic Acid (IAA) Production Ability

The colorimetric method described by Gang et al. (2019) was used to detect the ability
of bioactive bacterial strain to produce indole-3-acetic acid. Bacterial isolates were
inoculated into 20 mL of Luria-Bertani Broth (LB) supplied by L-tryptophan (2.0
pug/mL) (w/v). Additionally, 2 mL of Salkowski’s reagent and 3drops of orthophosphoric
acid were added to 1 mL of the culture supernatant. Un-inoculated growth mediums
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were used as a negative control. The red color indicates positive IAA production
(Etesami, Alikhani, and Hosseini 2015).

3.4.4 Molecular Characterization of Bacterial Isolates against R. Solani and F.

Solani

3.4.4.1 DNA Extraction of the Bacterial Isolates

Genomic DNA extraction was done using a bacterial DNA isolation kit (Norgen Biotek
Corp., Thorold, ON, Canada) as per the manufacturer recommendation. A
spectrophotometer was used to measure the DNA concentration and purity at
230/260nm. The fragments were separated by electrophoresis on 0.8% agarose gel
stained with ethidium bromide (Sigma-Aldrich, St. Louis, Missouri, United States) gel
for 1 h. The DNA template was then stored at -20°C for further analysis.

3.4.4.2 PCR Amplification of 16S rRNA Genes.

To amplify the 16S rRNA genes, genomic DNA from each bacterial isolate was used as
a template. A pair of 27F Forward (5’-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
Reverse (5’-CGGCTACCTTGTTACGACTT-3") bacterial primers were used to amplify
the 16S rRNA gene in response to the Escherichia coli gene sequence. The amplification
was performed using Peqglab Primus 96 PCR equipment. It was amplified in a 40 pL
mixture comprising 20 pL of Master mix, 18.2 pL of PCR water, 0.4 pL of 27F forward
primer, 0.4 pL of 1492R reverse primer, and 1 pL of template DNA (750 ng/L) DNA.

The following temperature cycling profiles were applied for the reaction mixtures: A 10
min enzyme activation at 96°C for a single cycle, which was followed by 35 cycles of 45
s of denaturation at 95°C, 45 s of primer annealing at 53°C, 1 min of the chain of
elongation at 72°C, and 10 min of the chain of final extension at 72°C (Torome* et al.
2015). The presence and size of PCR amplicon were verified on 1.2% agarose gel and
visualized under U.V. light (Torome* et al. 2015). PCR amplicons were purified using
the QIAquick PCR amplification kit protocol (Qiagen) according to the manufacturer’s

instructions. The PCR amplicon was sent to Macrogen for sanger sequencing.
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3.4.4.3 Phylogenetic Analysis of the Bacterial Isolates

The 16S rDNA of the nineteen selected isolates were compared in the primary database
using the Basic Local Alignment Search Tool (BLAST) in the National Center for
Biotechnology Information (NCBI) site. Alignment was done utilizing CLUSTAL W
2.0 programming. The 16S rDNA gene sequence with the highest percentage similarity
from the BLAST results was selected and retrieved. Both pairwise and multiple
sequence alignment was done using Mega 7 (Tamura et al. 2007). Therefore, the
phylogenetic data were analyzed using the neighbor-joining method and maximum
composite Likelihood method using Mega 7 (Tamura et al. 2007) and Bootstrap analysis

using Mega 7.

3.5 To Determine the Efficacy of Bacterial Isolates against Fusarium Solani and
Rhizoctonia Solani on Bean Seedlings.

The experiment was carried out in January 2021 at Jomo Kenyatta University of
Agriculture and Technology. Isolate B21, B39, and M10, which produced the highest
percentage inhibition rate against F. solani and R. solani, respectively, were selected to
investigate their ability to reduce the incidence of root rot and wilt in common beans.
The antagonistic effects of B21, B39, and M10 against R. solani and F. solani was
studied under greenhouse condition by pot culture method as described by (Baazeem et
al. 2021). Seeds were surface sterilized by soaking with 70% ethanol for 30 secs and 5%
NaOCI for 5 min and rinsed three times with sterile distilled water. Soil preparation
(manure: soil: sand in a ratio of 1:3:2 (v/v)) as the plant growth medium was carried out
by steam sterilization and left to cool before being placed in sterilized pots. The
pathogen inoculums containing 2 x 108 spores ml™ were incorporated into the potting
medium at 150 ml kg™ of soil and incubated for 5-7 days to achieve proper spore
germination and establishment of pathogen mycelium (Pandey and Dubey 1994).
Surface-sterilized seeds were sown in each pot (5 seeds pot?), and daily observations
were made on germination and wilt incidence. Each treatment had 5 replications.

Treatment details of the pot bioassay under greenhouse conditions included P; absolute
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(Uninoculated) control; P> TRICHOTECH® WP control; Ps-F. solani only; Ps- R. solani
only; Ps-B39+F. solani; Ps-B21+ F. solani; P7- M10+ R. solani and Ps- B21+R. solani.
For Ps - Pg treatments, surface-sterilized seeds were inoculated with 24 h grown cultures
(OD600 = 1, consisted of corresponding to 108 cells mlI*) of B39, B21, and M10. The
absolute control (P1), the potting medium was without either bacterial or pre-fungal
inoculation. Seeds treated with TRICHOTECH® WP (Concentration of 4.0 x 10° CFU
per gram in an inert carrier.) were used as the recommended bioproduct treatment (P2).
The assay for plant defense enzyme was performed at the end of 4 weeks of seed
sowing. After 35 days after sowing (DAS), plant samples were cleanly uprooted from
the pots and immediately taken to the laboratory for different biometric measurements.

The pot bioassay experiment was repeated twice with 5 replications each time.

3.5.1: Determination of Plant Biometric Attributes in Beans

3.5.1.1. Germination Rate

The rate of germination was observed by counting the number of the seeds germinated

against the total number of seeds planted in all treatments after 7 days of sowing (DAS)

3.5.1.2. Root Mortality

Pathogen-induced mortality in beans roots in the presence and absence of seed
inoculated biocontrol agents was estimated. Mortality caused in seedlings' roots due to
soil inoculation of the wilt pathogen F. solani and R. solani were estimated using a
modified method described by Dukare & Paul, (2021). Root mortality was expressed as
the percentage of dead roots dry weight (D.W) of the total dry weight of roots.

3.5.1.3. Pre-Emergence and Post-Emergence Wilt Incidence

The Pre- and post-emergence wilt disease severity indices were calculated by counting
the number of germinating seeds and surviving seedlings (those seedlings which were
not showing any symptoms of wilt disease such as brownish lesions/premature drooping

of leaves/partial or complete wilting of part or whole seedlings) among those germinated
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as described by (Gossen et al. 2016). A percentage of disease incidences was calculated
based on visible wilt symptoms observed on the plant after 15 days up to 35 DAS.

3.5.1.4. Shoot /Root Length and Biomass

The effects of seed inoculation with bacteria on plant elongation parameters were
studied as shoot and root length. Additionally, plant biomass such as fresh shoot weight
and fresh root weight were studied. After 35 DAS, fresh shoot/roots length (cm), shoot
fresh weight, and fresh root weight (g) were measured using weighing machine and
ruler. A total of five plants from each treatment was considered.

3.5.2. Plant Defense Enzymes and Phenolic

3.5.2.1. Preparation of Enzyme Extracts

From each treatment, 1 g of 4-week-old leaf samples were homogenized in 1.5 ml of 50
mM Tris HCI buffer (pH 7.5) at 4°C in liquid nitrogen and centrifuged at 18,000 rpm for
20 min at 4°C. The resulting supernatant was collected in sterilized 2 ml Eppendorf
tubes and stored in a deep freezer (— 20°C) for further use as crude enzyme extract. This
enzyme extract was used for the assay of phenylalanine ammonia-lyase (PAL),
polyphenol oxidase (PPO), and peroxidase (PO).

3.5.2.2 Phenylalanine Ammonia-lyase (PAL), Polyphenol Oxidase (PPO), and
Peroxidase (PO) Assays

Phenylalanine ammonia-lyase (PAL), activity was estimated based on the production of
trans-cinnamic acid (Sundaramoorthy et al. 2012). Enzyme activity was expressed as pg
cinnamic acid hr- 1g™* fresh plant weight. PPO activity was assayed by measuring the
change in the color intensity of catechol oxidation products (Mayer et al. 1965). PPO
enzyme activity was expressed as a change in absorbance at 495 nm per minig? of
fresh plant weight. For PO assay, 0.5 ml crude enzyme extract was taken in a cuvette,
and subsequently, 0.5 ml of 1% guaiacol solution and 1.5 ml 50 mM Tris buffer (pH 7.5)
was added. Then, the reaction was initiated by adding 0.5 ml of 1% H2O, and change in
absorbance at 470 nm was recorded at an interval of 30 secs for 3 min. The unit of
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peroxidase enzyme activity was expressed as the change in absorbance ming~?! of fresh
weight (Hammerschmidt, Nuckles, and Ku¢ 1982).

3.5.2.3 Total Phenolic Assay

The total phenolic content in fresh leaf and root tissue was analyzed using the Folin-
Ciocalteu colorimetric method (Zieslin, Biochemistry, and 1993 1993). The OD of the
developed blue color was measured at 725 nm. The phenolic content in plant tissue was

expressed as pg catechol g fresh plant weight.

3.6 Data Analysis

Antifungal activity enzymatic assay and plant biomass were subjected to a one-way
analysis of variance (ANOVA) using SAS version 8.0 software. For physiochemical
data, RStudio version-2022.12.0-353 was used for animated heatmaps. For greenhouse

data, GraphPad-Prism version 6.0 was used to present the data in graph version.
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CHAPTER FOUR

RESULTS

4.1 Physiological Description of the Lakes

From sampling points, water, sediment, and soil samples were collected from seven
points of L. Bogoria and sixteen points of L. Magadi (Error! Reference source not
found.;

Table 4.2). Different physical parameters during sampling from both lakes, such as pH,
Temperature, conductivity, salt, and Total Dissolved Solids (TDS), were determined at
every sampling point (Error! Reference source not found.). The elevation of the two
lakes varied in that L. Bogoria is a highland lake with an elevation range of 1004M-
1010M while L. Magadi is a lowland lake with an elevation range of 605 M-618 M
(Error! Reference source not found.; Table 4.2). From the physical parameters
measured during sampling, L. Magadi recorded the highest pH (8.7-10.6), conductivity
(433 pS/cm-49.6 mS/cm), salt concentration (12.2 ppt-46.7 ppt) and TDS (19.0 ppt-31.2
ppt) compared to L. Bogoria. Additionally, L. Bogoria recorded the highest temperature
(32.0°C-90.0°C) compared to L. Magadi.

36



Table 4.1: Types of Samples Collected from Seven Points of L. Bogoria with their

Description.
Sampling  Location & Sample pH Temp Conductivity Salt TDS
point elevation Type
BPO1 N10°43.692 Water & 9.6 69.0 6.0 mS/cm 2.9 28.6
Sediment t t
E058°25.621 PP PP
N. A
BP02 N00°13.730 Water, 9.2 450 25.6 mS/cm 121 170
Sediment t t
E036°05.572 PP PP
&Soil
1009M
BPO3 N00°13.711 Soil 9.6 750 100.0 puS/cm N.A NA
E036°05.575
1010M
BPO4 N00°13.716 Water, 88 700 6.1 mS/cm 2.9 3.9
Sediment t t
E036°05.577 ) PP PP
&Soil
1008M
BPO5 N00°13.724 Water, 8.7 680 5.9 mS/cm 31 41
Sediment t t
E036°05.584 ) PP PP
&Soil
1007M
BP06 N00°13.673 Water, 89 900 N. A 2.9 3.8
Sediment
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Sampling  Location & Sample pH Temp Conductivity Salt TDS
point elevation Type
E036°05.603 &Soil ppt  ppt
1007M
BPO7 N00°14.917 Water, 82 320 26.1 mS/cm 13.0 17.2
Sediment t t
E036°05.085 ) PP PP
&Soil
1004M

Table 4.2: Types of Samples Collected from Seven Points of L. Magadi with their

Description

Sampling Location & Sample pH Temp Conductivity Salt TDS

Point Elevation Type

MPO1 S02°00.069 Soil 951 675 433 uS/cm 21.2 28.6
E036°13.925 PRt PRt
606M

MPO2 S02°00.037 Soil 10.3 55.0 21.4 mS/cm 23.1  27.6
E036°13.724 et pot
605M

MPO3 S02°00.024 Soil 9.2 30.1 12.4 mS/cm 20.1  29.2
E036°13.725 et et
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Sampling Location & Sample pH Temp Conductivity Salt TDS

Point Elevation Type
605M

MPO04 S01°59.975 Soil 104 27.8 20.3 mS/cm 122 237
E036°13.748 ot ot
608M

MPO5 S01°59.925 Soil & 9.2 23.4 46.8 mS/cm 241 219
£036°13.763 sediment ppt ppt
607M

MP06 S02°00.091 Soil & 9.1 257 34.1mS/cm 19.4 190
£036°13.714 sediment ppt ppt
609M

MPQO7 S02°00.144 Soil 10.6 28.9 23.7 mS/cm 222 29.3
E036°13.704 PP PP
607M

MP08S S01°42.985 Water, 9.7 30.8 30.5mS/cm 155 20.3
Soil & ppt ppt

E036°16.277 )
sediment

618M
MPQ9S S01°43.128 Water, 9.4 28.6  46.4 mS/cm 212 30.2
Soil & ppt ppt
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Sampling Location & Sample pH Temp Conductivity Salt TDS
Point Elevation Type

E036°16.263  sediment
618M

MP010S  S01°43.139 Water, 9.1 38.7 40.5 mS/cm 201 26.1

Soil & t t
E036°16.265 ) PP PP
sediment

616M

MP011S  S01°43.145 Water, 8.9 66.8 43.0 mS/cm 214 284

Soil & t t
E036°16.266 ) PP PP
sediment

615M

MP012S  S01°43.198 Water, 8.9 74.3 45.3 mS/cm 23.1 295

Soil & t t
E036°16.253 ) PP PP
sediment

614M

MP013S  S01°43.248 Water, 9.2 32.4 36.3 mS/cm 185 244

Soil & t t
E036°16.235 ) PP PP
sediment

617M

MP014S  S01°43.311 Water, 9.2 77.8 46.5 mS/cm 46.7 30.8

Soil & t t
E036°16.228 PP PP
sediment

612M
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Sampling Location & Sample pH Temp Conductivity Salt TDS
Point Elevation Type
MP015S  S01°43.304 Water, 8.7 69.1  43.6 mS/cm 220 29.1
Soil & t t
E036°16.279 ) PP PP
sediment
613M
MP016S  S01°43.359 Water, 9.2 28.6  49.6 mS/cm 235 312
Soil & t t
E036°16.284 ) PP PP
sediment
615M

4.1.2 Bacterial Isolation

Inoculum samples cultured on modified Nutrient Agar (N.A) media and incubated at

39.5°C showed different colonies (morphologically) after 48hours (Plates 4.1). The

colonies were purified on the same isolation media and observed 24 hours (Plates 4.1).

Plates 4.1: A) Modified Nutrient Agar Media Culture with Different Colonies; B)

Nutrient Agar Media Culture with Pure Bacteria Isolates.
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A total of forty-nine (49) bacterial isolates were obtained from Lake Bogoria. A total of
twenty-two isolates (45.0%) were from the soil, seven (14.0%) from sediment, and four
(8.0%) from water. Additionally, three isolates (6.0%) were obtained from both water
and soil, eight isolates (16.0%) from both water and sediment, two isolates (4.0%) from
sediment and soil, and three isolates (6.0%) from all samples type (Water, sediment, and
soil) (Figure 4.8).

A total of 61 bacterial isolates were obtained from Lake Magadi. Twenty-five (41.0%)
were obtained from soil, eight from sediment (13.0%) and three from water (5.0%).
Additionally, ten isolates (16.0%) were obtained from sediment and soil, seven isolates
(11.0%) from sediment and water, three isolates (5.0%) from water and soil, and five
isolates (8.0%) from all the sample types (Water, sediment, and soil) (Figure 4.8).

A comparison between the two lakes showed that, the soil sample had the highest
microbial composition (41.0-45.0%), and the water sample had the lowest (5-8.0%).
There were isolates obtained from both water and sediment samples (11.0-16.0%).
Lastly, other isolates were obtained from all the sample types.

Water Water

Bogoria Magadi

Sediment Soil Sediment .
Soul

Figure 4.8: Venn Diagram Showing the Distribution of Isolated Bacteria from
Lakes Bogoria and Magadi. The Shared OTUS within Various Sample Types.

OUT- Operational Taxonomic Unit
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4.1.2.1 Pathogen Preparation and Pathogenicity Test

Inoculated plates of Fusarium solani and Rhizoctonia solani on PDA at 28°C were

observed after 5 days of incubation (Plate 4.2)

Plates 4.2: PDA plates showing; (A) Rhizoctonia solani and (B) Fusarium solani.

4.1.3 In vitro Pathogenicity of F. solani and R. solani on Common Bean Plantlets.

In pathogenicity test, the plantlets showed narrow root and red-brown lesion on the
hypocotyl for F. solani and R. solani compared to control. Lesions extend down to the
central taproot, which caused the wilting and death of the plantlet for both pathogens
tested. However, there was no incidence of wilting observed in control despite the

reported browning of the adventurous root.

Figure 4.9: Effect of F. Solani and R. Solani on Bean Plantlets. The Experiment was
Carried Out in A Growth Chamber for 14 Days.
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A) Growth Chamber, B) Negative Control (No Pathogen-Infected), C) Infected
with F. Solani and D) Infected with R. Solani.

The severity was recorded after 14 days of incubation in the growth chamber, whereby
control had the zero disease index (0.00%) compared to F. solani (43.75%) and R. solani
(37.50%). For germination rate, control had the highest rate (94.00%) compared to F.
solani (75.00%) and R. solani (63.00%). A comparison between Fusarium root rot and
Rhizoctonia root rot showed that, F. solani had the highest severity (43.75%) compared
to R. solani (37.50%) (Table 4.3).
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Table 4.3: Comparative Effects of F. Solani and R. Solani on Bean Plantlets

Observed 14 Days of Inoculation.

Treatme Germinatio Plant Severity Root Roots Shoot
nts nrate (%)  Height (dead) Length fresh fresh
(cm) (%) (cm) weight(g weight
) (9)
Control 94.00% 34.28+1.98* 0.00% 10.08+1.8 0.33+0.1 1.85+0.4
9 3 3
F.solani  75.00% 18.88+4.80° 43.75%  3.80+0.55 0.26+0.0 0.91+0.3
b 6° 3
R.solani  63.00% 18.28+2.75° 37.50%  4.28+0.57 0.24+0.0 0.96x0.2
b 7° 9
F-Value  0.00 31.82 0.00 43.73 76.46 64.49
LSD 0.00 7.16 0.00 8.72 0.28 2.19
P> 0.00 10.44 0.00 3.65 0.29 1.10
CVv 0.00 0.009 0.00 0.005 0.761 0.155

*Means in a column followed by the same letter do not significantly differ according to
the Fisher’s LSD test (P<0.05).

CV- Co-effience of variance, F-Value-F test; LSD- Least Significant Difference

Plant height differed significantly (P<0.05) between treatments tested with the control
plant having the highest length (34.28+£1.98 cm), compared to F. solani (18.88+4.80 cm)

and R. solani (18.28+2.75 cm). However, there was a no significant difference between

F. solani and R. solani in plant height (Table 4.3).
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Beans root length indicates that control differed significantly from the treatments tested.
Control had the highest root length (10.08+1.89 cm) compared to F. solani (3.80+0.55
cm), and R. solani (4.28+0.57 cm). Root fresh weight was recorded after 14 days of
inoculation. The root fresh weight did not differ significantly (P<0.05) between the
treatments (Table 4.3). However, control had highest weight (0.33+0.13 g) F. solani
(0.26+0.06 g) and R. solani (0.24+0.07 g). In fresh shoot weight, it is indicated that
control does not differ significantly among the treatments tested. The control plant
however, had the highest weight (1.85+0.43 g) compared to F. solani (0.91+0.33 g), and
R. solani (0.96+0.29 g) treatments.

4.1.4 Antibiosis of Bacterial Isolates against Selected Test Pathogen
Analysis of bacterial antibiosis assays by use of disc diffusion technique and co-
culturing technique against F. solani and R. solani revealed that some isolates from L.

Bogoria and L. Magadi exhibited positive inhibition of mycelium growth and clear zone

of inhibition of the selected test pathogen (Plate 4.3)

Plate 4.3: Antibiosis Assay of Lakes Bogoria and Magadi Bacterial Isolates against
Rhizoctonia Solani after 7 Days of Incubation at 28°C+2.0 using the Co-Culturing

Technique.
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(D) Diameter of pathogen mycelium in un-inoculated control, (R) Radius of pathogen
mycelium co-cultured with bacterial isolate, (R.S) R. solani (Pathogen), (B) Bogoria

isolate, and (M) Magadi isolate.

Table 4.4: Antifungal Activity of Lakes Bogoria & Magadi Bacterial Isolates on
Mycelium Growth 0f R. Solani after 14" Days

Site Isolate code Mycelium length (cm) % Inhibition rate
Control 8.4+0.00° 0.00
B35 7.7740.33° 7.54
B4 7.13+0.09° 15.08

Lake Bogoria B23 6.830.15¢ 18.65
B39 6.63+0.12¢ 21.43
B38 6.40+0.21° 23.81
B30 6.37+0.23° 24.21
B31 6.00+0.12f 28.57
B20 5.90+0.15 30.95
BO7 5.50+0.109 34.52
B21 5.20+0.10" 38.10

CcVv 1.71

F-Value 124.72

LSD 0.22
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Site Isolate code Mycelium length (cm) % Inhibition rate

P> 0.0001
Control 8.40+0.00? 0.00
M24 7.90+0.26° 5.95
M17 7.43%0.97° 11.55
M33 6.90+0.06° 17.86
M16 6.83+0.78° 18.69
M43 6.80+0.17° 19.05
M21 6.73+0.20° 19.84

Lake Magadi M32 6.63+0.17% 21.03
M50 6.60+0.15% 21.43
M37 6.50+0.26°% 22.62
M52 6.50+0.17°%% 22.62
M11 6.47+0.26°¢ 23.02
M58 6.23+0.12% 25.79
M60 6.10+0.15° 27.38
M47 5.300.06 36.90
M09 5.03+0.14 40.08
M10 4.80+0.06¢ 42.86
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Site Isolate code Mycelium length (cm) % Inhibition rate

CcVv 3.92
F-Value 28.93
LSD 0.50
P> 0.0001

*Means in a column followed by the same letter do not significantly differ according to
the Fisher’s LSD test (P<0.05)

CV- Coeffience of variance, F-Value-F test; LSD- Least Significant Difference

The diameter of the R. solani colony noted after 14 days of incubation at 30°C varied
significantly (P<0.05) depending on the antagonistic bacteria tested. Ten (10) out of
forty-nine (49) bacteria isolated from L. Bogoria and sixteen (16) out of sixty-one (61)
bacteria isolated from L. Magadi reduced R. solani radial growth using co-culturing
techniques. Isolate B21 (38.10%) isolated from L. Bogoria had the highest percentage
inhibition rate, whereas isolate B35 (7.54%) had the lowest percentage inhibition rate (

Table 4.4).

4.1.5 Antifungal Activity of L. Bogoria and L. Magadi against Fusarium solani

The antifungal activity of isolates from lakes Bogoria and Magadi revealed varied
mycelium length of Fusarium solani. Isolate B21 had the lowest mycelium length
compared to B23, B7 and control. Additionally, isolates M16, M17 and M18 had varied
mycelium length of F. solani compared to control
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Plate 4.4: Antibiosis Assay of Lakes Bogoria and Magadi Bacterial Isolates against
Fusarium Solani after 14 Days of Incubation at 30°C+2.0 using the Co-Culturing
Technique. A) Control B) Isolate B21, C) Isolate B23, D) Isolate B7, E) Isolate M16,
F) Isolate M08 and G) Isolate M17.

In Table 4.5, ANOVA analysis revealed significant (P<0.05) variation in the F. solani
mycelium diameter upon bacterial treatment tested. Thirteen (13) out of forty-nine (49)
bacteria isolated from L. Bogoria and twelve (12) out of sixty-one (61) bacterial isolated
from L. Magadi had antagonistic effects against F. solani. Isolate B39 (59.13%) had the
highest inhibition rate, while B27 (14.68%) was the least (Table 4.5). For L. Magadi,
M16 (30.56%) had the highest percentage inhibition rate, while M45 (9.92%) had the

lowest.

Table 4.5: Antifungal Activity of Bogoria and Magadi Bacterial Isolates on

Mycelium Growth of Fusarium Solani after 14 Days.

Lakes Isolate code Mycelium length (cm) % Inhibition rate
Bogoria Control 8.4+0.00? 0.00
B27 7.17+0.09° 14.68
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Lakes Isolate code Mycelium length (cm) % Inhibition rate
B15 6.73+0.09° 19.84
B31 6.27+0.14¢ 25.40
B19 6.03+0.14% 28.17
B23 6.00+0.55% 28.57
B38 6.00+0.06% 28.57
B32 5.87+0.26°" 30.16
B30 5.60+0.11f 33.33
B29 5.23+0.239 37.70
B7 5.20+0.239 38.10
B26 4.67+0.20" 44.44
B21 4.17+0.09' 50.40
B39 3.43+0.17) 59.13

cV 2.54

F-Value 145.59

LSD 0.31

P> 0.0001

Magadi Control 8.4+0.00? 0.00
M45 7.57+0.24° 9.92
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Lakes Isolate code Mycelium length (cm) % Inhibition rate

M6 7.27+0.15° 13.49
M25 6.80+0.06¢ 19.05
M50 6.80:+0.06¢ 19.05
M60 6.77+0.09¢ 19.44
M20 6.47+0.29° 23.02
M18 6.400.21°f 23.81
M5 6.20+0.23 26.19
M17 6.030.309" 28.17
MO8 6.000.369" 28.57
M10 5.97+0.039" 28.97
M16 5.83+0.09" 30.56

cVv 1.94

F-Value 76.88

LSD 0.25

P> 0.0001

*Means in a column followed by the same letter do not significantly differ according to
the Fisher’s LSD test (P<0.05)

CV- Coeffience of variance, F-Value-F test; LSD- Least Significant Difference
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4.1.6 Comparison of Bacteria Isolates for Biocontrol of Rhizoctonia solani and
Fusarium solani from L. Bogoria

From the forty-nine (49) isolated bacteria from L. Bogoria, seventeen (17) bacterial
isolates inhibited the mycelium growth of both Rhizoctonia solani and Fusarium solani.
Four inhibited R. solani, and six (6) isolates were able to inhibit Fusarium solani.
Additionally, seven (7) isolates were able to inhibit both R. solani and F. solani. In terms
of sample types, for Fusarium, most of the bioactive isolates were obtained from soil
(62%) compared to water (0%) and sediment (8%). For Rhizoctonia, most of the
bioactive bacteria isolates were obtained from soil samples (73%) in comparison to
water (0%) and sediment (0%). Additionally, there were bacterial isolates that were
obtained from water and sediment (18%) and water and soil (9%) (Figure 4.1010).
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Figure 4.10: Venn Diagram Showing the Distribution of Bioactive Bacterial Isolates
from L. Bogoria and Shared OTUS within Various Sample Types. OUT-

Operational Taxonomic Unit.
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(A) Distribution of bacteria isolates with antagonistic potential against R. solani and F.
solani; (B) distribution of bacteria isolates against R. solani; (C) Distribution of
bioactive isolates against F. solani.

4.1.7 Comparison of Bacteria Isolates for Biocontrol of Rhizoctonia solani and
Fusarium solani from L. Magadi

From the sixty-one (61) isolated bacteria from L. Magadi, twenty-five (25) bacterial
isolates could inhibit the mycelium growth of both R. solani and F. solani. Twelve (12)
isolates could inhibit R. solani, and ten (10) isolates could inhibit F. solani (Figure 4.11).
Additionally, three (3) isolates inhibited both R. solani and F. solani. In terms of sample
types, most of the bioactive isolates were obtained from soil (54%) compared to water
(0%) and sediment (0%). For Rhizoctonia, most of the bioactive bacteria isolates were
obtained from soil samples (38%) in comparison to water (0%) and sediment (12%).
Additionally, there were bioactive bacterial isolates which were obtained from water and
sediment (6%); water and soil (6%); sediment and soil (19%) and water, soil, and
sediment (19%) (Figure 4.11).
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Figure 4.11: Venn Diagram Showing the Distribution of Bioactive Bacterial Isolates
from L. Bogoria and Shared OTUS within Various Sample Types. OUT-
Operational Taxonomic Unit

(A) Distribution of bacteria isolates with antagonistic potential against R. solani and F.
solani; (B) distribution of bacteria isolates against R. solani; (C) Distribution of

bioactive isolates against F. solani.

4.1.8 Disc Diffusion Results

The antifungal activity of isolates from lakes Bogoria and Magadi revealed varied
mycelium length of Fusarium solani (Plate 4.5). The zone of inhibition varied across the
isolates with Isolate MW60 had highest zone of inhibition compared to BW30 and
MW16 (Plate 4.5). Additionally, isolates Mw16 and BW30 showed lowest zone of
inhibition (Plate 4.5).
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Plate 5.5: Antifungal Activity of L. Bogoria and L. Magadi Bacterial Isolates
against Fusarium using Disc Diffusion Techniques (A) BW11, (B) BW17, (C) B30,
(D) MW16, (E) BW21 And (F) MW6O.
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Table 4.6: In Vitro Effect of Bogoria & Magadi Bacterial Isolates against Fusarium

Solani using Disc Diffusion after Seven Days of Incubation.

Lakes Isolate code Zone of Inhibition (cm)
Bogoria Control 0.00+0.00¢
B21 1.93+0.072
B7 1.83+0.09%
B38 1.77+0.15
B11 1.70+0.06%
B29 1.67+0.07%
B30 1.60+0.06%
B17 1.53+0.12°
B12 1.130.09
B19 1.07+0.03
CcVv 22.40
F-Value 288.60
LSD 0.10
P> 0.05
Magadi Control 0.00+0.00¢
M60 2.07+0.26°
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Lakes Isolate code Zone of Inhibition (cm)

M60 1.93+0.39°
M16 1.43+0.13°
M23 1.00£0.17°
M21 0.96+0.14¢
CcVv 46.77
F-Value 175.29
LSD 0.09
P> 0.0001

*Means in a column followed by the same letter do not significantly differ according to
the Fisher’s LSD test (P<0.001)

CV- Coeffience of variance, F-Value-F test; LSD- Least Significant Difference

ANOVA analysis from Table 4.6 revealed significant (P<0.05) variation in the zone of
inhibition upon the bacterial treatment tested. L. Bogoria had nine isolates while L.
Magadi had five isolates that inhibited the growth of F. solani by use of disc-diffusion.
Isolate M60 (2.07£0.26 cm) had the overall highest diameter of the zone of inhibition,
while M21 (0.96+0.14 cm) had the lowest inhibition diameter. Therefore, these results
indicate that the positive bacterial isolates produce diffusible bioactive substances

responsible for the clear zone of inhibition (Table 4.6).
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4.2 Characterization of Bioactive Bacterial Isolate against F. solani and R. solani.

4.2.1 Morphological Characterization of Bioactive Isolates.

Morphological characterization was done using microscopic techniques whereby colony
and cell morphology were determined. Some of the colony morphology characteristics
included; circular, irregular, and penctiform; elevation whereby 63.15% of the isolates
had raised elevation, and 36.85% were flat (Table 4.7) Margin differences were also
observed, ranging from circular, irregular, wavy, lobate, smooth, and filamentous. In
terms of size, 36.84 % were small, 57.89% were medium, and 5.26% were large. The
color of the isolates ranged from white, cream, cream-white, teel, blue, and cream-

yellow.

Additionally, the surface of the isolates ranged from smooth, dull, and rough. The
opacity of the colonies showed that 89.47% were opaque, and 10.53% were transparent.
The cell morphology of the pure isolates ranged from rods to cocci. The Gram staining
technique showed that 31.58% were Gram-positive and 62.42% were gram-negative
(Table 4.7).
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Table 4.7: Morphological Characteristics of Bioactive Bacterial Isolates

Isolate Form Elevatio Margin  Size Surfac  Shap G-stain
S n e e
B7 Circular Raised Circular ~ Medium  Smooth Rod Positive
B11 Circular Raised Irregular ~ Small Dull Rod Positive
B12 Circular Flat Circular ~ Small Smooth Rod Negativ
e
B17 Circular Raised Circular ~ Small Smooth Rod Negativ
e
B19 Irregular Raised Circular ~ Small Smooth Rod Negativ
e
B20 Penctifor  Raised Wavy Medium  Smooth Rod Negativ
m e
B21 Irregular Flat Lobate Medium  Rough Rod Positive
B26 Circular Raised Circular ~ Small Smooth Rod Positive
B29 Irregular Raised Irregular ~ Medium  Smooth Rod Positive
B30 Irregular Raised Circular ~ Medium  Smooth Rod Positive
B32 Irregular Flat Filamento Large Dull Rod Positive
us
B38 Circular Flat Smooth Medium  Smooth Rod Positive
B39 Circular Raised Smooth Medium  Smooth Rod Positive
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Isolate Form Elevatio Margin  Size Surfac  Shap G-stain
s n e e

M9 Circular Raised Smooth Medium  Smooth Rod Positive
M10 Irregular Flat Circular ~ Medium  Rough Rod Positive
M16 Circular Flat Irregular  Medium  Dull Rod Positive
M47 Circular Raised Smooth Small Smooth Rod Positive
M50 Penctifor  Raised Circular ~ Small Rough  Rod Positive

m
M60 Circular Flat Circular ~ Medium  Smooth Rod Positive

4.2.2 Physiochemical Characterization of Bioactive Bacterial Isolates.

4.2.2.1. Growth at Different pH.

Figure 4.12 shows varied growth of bacteria isolates at different pH. Despite the isolates

being obtained from an alkaline environment, the bacterial isolates showed growth at pH
5.0 and 7.0. Most isolates grew at alkaline pH (7.0, 8.5, and 10.0), which recorded the

largest isolates with optical density (OD) reading above 1.0. The highest OD was

recorded at pH 7.0, and the lowest OD was recorded at pH 10.0. The growth trend at pH

5.0, pH 7.0, and pH 10.0 increased significantly. On the other hand, the growth trend at

pH 8.5 was uniform (

Figure 4.12).
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Figure 4.12: The Growth of Bacteria at Different pH values.

Analysis of the relationship among the bacteria isolates with respect to different pH

showed four cluster groups of the bioactive isolates (

Figure 4.13). Additionally, there three cluster groups among the different pH tested.
Most of the isolates were able to grow at neutral pH (7.0), followed by pH 10.0, pH 8.5,
and the least grow observed at pH5.0. The most acidic isolates were M16, M60, the most
alkaline isolate was B39, and the most neutral isolates were M9 and M50. Isolate B7 and
B21 did not grow well across the pH. It was also observed that isolate M9 grew well in >

pH 7.0 compared to the rest of the isolates (

Figure 4.13).
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Figure 4.13: Annotated Hierarchical Clustergram of Assayed Bacteria Isolates at
Varied pH.

Hierarchical clustergram generated using means of optical density of bioactive bacteria
at different pH. The Annotated heatmap (Euclidean matric) shows the relationship
between selected bioactive bacteria isolates and varied pH. The colored scale bar

indicates the significant quantified strength of the pH.

4.2.2.2 Growth at Different Salinity

Bacteria showed varied growth at different concentrations of sodium chloride
concentration (0.0 M-2.0 M). The number of bacteria isolates that grew decreased with
an increase in salt concentration. 0.0M recorded the highest OD as an indicator of
highest growth followed by 0.5M NaCl and gradually decreased towards 2.0M with
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minimal growth. Additionally, the trend of growth decreased with an increase in salt
concentration (Figure 4.14).
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Figure 4.14: The Growth of Bioactive Bacteria at Different Salt Concentrations.

The correlation profile between the salt concentration and the isolates showed four
functional cluster groups among the isolates. Additionally, there were four cluster
groups (1, 2, 3 and 4) amongst the salt concentrations tested. Most of the bacteria were
able to grow in neutral media (No salt concentration). However, other isolates were
halophilic; for instance, B30 and B32 could grow at a higher salt concentration of 2.0M

(Figure 4.15). Some isolates were halotolerant (grow and multiply in the presence of
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high salt but do not require it for growth), such as B39, B21, B32, M47, and M16,
though their growth varied at different salt concentrations (Figure 4.15).
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Figure 4.15: Annotated Hierarchical Clustergram of Assayed Bioactive Isolates at
Varying Salt Concentrations.

Hierarchical clustergram generated using means of optical density of bioactive bacteria
at different salt concentrations. The heatmap (Euclidean matric) shows the relationship
between selected bioactive bacteria isolates and varying salt concentrations. The colored

scale bar indicates the significant quantified strength of the salt concentration.
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4.2.2.3 Growth at Different Temperature

All the bioactive bacterial isolates grew at a wide range of temperatures (20°C-60°C).
The optimum growth was observed between 30-45°C (Figure 4.16). However, good
growth was observed at 35°C. Some isolates had excellent growth at 60°C (Figure 4.16)
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Figure 4.16: Growth of Bacterial Isolates at Different Temperatures

Analysis of the relationship among the bioactive isolates with respect to different
temperatures showed five cluster groups of the bioactive isolates. Additionally, there
were four cluster groups amongst the different temperatures tested. (Figure 4.17). Most
of the isolates were able to grow at 35°C, followed by 30°C, 25°C and least grow
observed in both 20°C and 60°C. The most thermophilic isolates were B32 and B30.
Mesophilic bacteria at 20°C recorded seven (7) bacteria. M9 grew at a wide range of
temperatures (30°C-60°C).
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Figure 4.17: Annotated Hierarchical Clustergram of Assayed Bioactive Isolates at

Varying Temperatures.

Hierarchical clustergram generated using means of optical density of bioactive bacteria
at different salt concentrations. The heatmap (Euclidean matric) shows the relationship
between selected bioactive bacteria isolates and varied temperatures. The colored scale

bar indicates the significant quantified strength of the temperature.

4.2.3. Enzymatic Bioassays of Bacterial Isolates.
Bioactive bacteria transferred on skim milk agar showed a clear zone of inhibition

formed around the isolates, indicating a protease-producing strain. For pectin, the
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bioactive isolates were cultured on a pectin agar medium, and the clear zone of
inhibition indicated pectinase-producing strains. The isolates were also cultured in a
phosphate solubilization media, and the ability of the isolates to release phosphate was
indicated by the presence of a clear zone around the isolate. The production of the HCN
by the isolates was detected by the ability of the isolates to turn yellow disc paper into a
light reddish color

)
A

Plate 6.6: Enzymatic Bioassay of Bacterial Isolates from L. Bogoria and L. Magadi

against Fusarium Solani and Rhizoctonia Solani.

A) Protease, B) Pectinase, C) Hydrogen Cyanide, D) Phosphatase. a) B7, b) B121,
c) Control, d) B12 and e) B17.

From the results, 14 bacterial isolates formed a clear zone of inhibition around the
colonies in an agar medium supplemented with chitin after 72hrs. This indicates that
they are chitinase-producing strains. Seventeen bacteria isolates formed a clear zone of
inhibition on skim milk agar after 48hrs indicating that they protease-producing strain
(Figure 4.18). On pectinase activity, three isolates formed a clear zone of inhibition on
medium supplemented with pectinase after 48hrs indicating they are a pectinase-
producing strain. B12 and B17 induced a change of filter paper color (light reddish)
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compared to control (Yellow); hence, indicating ability to produce Hydrogen cyanide on
nutrient agar medium. Fourteen isolates changed the media color to indicate presence of
IAA (Table 4.7). Hence, it can produce IAA. Thirteen isolates were able to solubilize
the phosphate as indicated by forming a clear zone of inhibition around the colonies

(Figure 4.18). Isolate B12, and B17 tested positive for all the enzymatic parameters

tested.
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Figure 4.18: Annotated Hierarchical Clustergram of Assayed Bacterial Isolates at

Different Enzymes.

Hierarchical clustergram generated using means of optical density of bioactive bacteria
at different enzymes. The heatmap (Euclidean matric) shows the relationship between
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selected bioactive bacteria isolates and different enzymes. The colored scale bar
indicates the significant quantified strength of the enzymes.

Table 4.7: Enzymatic Bioassay of Bioactive Bacteria Isolates rfom L. Bogoria and

L. Magadi against F. Solani and R. Solani.

Isolates Hydrogen Indole-3-acetic acid

Cyanide Activity

B7 Negative Negative
B11 Negative Negative
B12 Negative Positive
B17 Positive Positive
B19 Positive Positive
B20 Negative Negative
B21 Negative Positive
B26 Negative Positive
B29 Negative Positive
B30 Negative Positive
B32 Negative Positive
B38 Negative Positive
B39 Negative Positive
M9 Negative Positive

70



Isolates Hydrogen Indole-3-acetic acid

Cyanide Activity

M10 Negative Positive
M16 Negative Positive
M47 Negative Negative
M50 Penctiform Negative
M60 Circular Negative

4.2.4 Molecular Characterization of Bacterial Isolates.

4.2.4.1 DNA Extraction.

Genomic DNA was extracted from all the selected 19 bioactive bacterial isolates (Figure

4.19). All of the bands were linear and approximate to the well of the loading.

Ladder me0 MSO Ma7 M16 M10 Ladder

Ladder M09 839 838 B32 B30 B29 B26 B21 B20 B19 B17 812 B11 BO7 Ladder

Figure 4.19: Gel Showing Genomic DNA Extracted from Bioactive Bacterial

Isolates
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4.2.4.2 PCR Amplification of 16s rRNA Genes.
The Genomic DNA extracted from all the 19 bacteria isolates were subjected to PCR by
use of 16S rRNA gene amplification with universal bacterial primers yielding the

product of approximately 1500bp (Figure 4.20).

1500bp
1000bp

300bp

Figure 4.20: A 1% Agarose Gel Showing the Size of the PCR Amplicons of the 19
Bioactive Bacterial Isolates Visualized after adding Ethidium Bromide Stain and
Size Estimated using 1kb Ladder

4.2.4.3 Phylogenetic Analysis of Bacteria Isolates from L. Bogoria.

From the partial sequences, the BLAST analysis showed ten isolates (76.9%) were from
the Bacillus genus within the Firmicutes bacteria domain with a percentage identity
between 98.71% and 100%. The isolates included Bacillus tequilensis, Brevibacillus
brevis, Bacillus velezensis, Bacillus subtilis, Bacillus amyloliquefaciens and Bacillus
licheniformis (Figure 4.21). Three isolates belonged to Gammaproteobacteria in the
proteobacteria phylum with a 99.59% and 100% similarity index. Among the
proteobacteria groups were Alcaligenaceae bacterium, Pseudomonas sp and

Pseudomonas aeruginosa. No novel isolates were identified as a potential biocontrol
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since all the isolates had a similarity percentage of above 98% with the reference
sequence from the NCBI database (Table 4.8).

Table 4.8: Blast Results of Lake Bogoria Bioactive Isolates and their Respective

Closest Relatives

Isolate Max Total Query Acc No. Next Neighbor in %lID

code  Score Score Coverage Blast

B7 2279 2279  100% MZz314516.1 Bacillus tequilensis  100%
strain IKAK46

B1l 2684 2684  100% NR_041524.1 Brevibacillus  brevis 100%
strain NBRC 15304

B12 1345 1345 100% MT295372.1  Alcaligenaceae 99.73%

bacterium strain S10

B17 1781 1781  100% JQO014351.1  Pseudomonas sp. 99.59%
LC128

B19 2732 2732  100% DQ777865.1 Pseudomonas 100%
aeruginosa strain
PAO1

B20 2287 2287 100% MTO072102.1 Bacillus velezensis 100%
strain QH03-23

B21 1406 1406 99% LN556353.1  Bacillus subtilis subsp. 99.36%
Inaquosorum
B26 2645 2645  100% MH265986.1 Bacillus 100%

amyloliquefaciens
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Isolate Max Total Query Acc No. Next Neighbor in %ID

code  Score Score Coverage Blast
strain K2-2

B29 1552 1552  100% MT641226.1 Bacillus subtilis strain 100%
CFRO7

B30 2187 2187  99% KX129842.1 Bacillus velezensis 98.71%
strain JS39D

B32 2608 2608  100% MT538513.1  Bacillus subtilis strain  100%
3645

B38 2603 2603  100% MT111040.1  Bacillus subtilis 99.93%

B39 2765 2765 100% MT367712.1 Bacillus licheniformis 100%

strain AP6
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Figure 4.21: Phylogenetic Tree of Bacterial Isolates from L. Bogoria Based on 16S

Rrna Sequences.
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The scale bar of 0.01 was used. Evolutionary history was inferred by using the
Maximum Likelihood method based on the Tamura 3-parameter model.

4.2.4.4 Phylogenetic Analysis of Bacteria Isolates from L. Magadi

From the partial sequences, the BLAST analysis showed six isolates (100%) were
obtained from the Bacillus genus within the Firmicutes bacteria domain with a
percentage identity between 99.39% and 100% (Table 4.9). Among the isolates were
Bacillus velezensis, Bacillus subtilis and Bacillus pumilus (

Figure 4.22). No novel isolates were identified as a potential biocontrol since all the
isolates had a similarity percentage of above 98% with the reference sequence from the
NCBI database.

Table 4.9: Blast Results of Lake Magadi Bioactive Isolates and their Respective

Closest Relatives

Isolate Max  Total Query Acc No. Next Neighbor in Blast %ID

code Score Score  Coverage

M9 2608 2608 100% MT538513.1 Bacillus subtilis strain 3645 100%

M10 2658 2658 100% MT012197.1 Bacillus velezensis  strain 100%
CLT81

M16 2649 2649 99% KY206830.1 Bacillus subtilis strain Q235 99.93%

M47 1981 1981 99% MT538489.1 Bacillus subtilis strain 3617 99.39%

M50 1958 1958 100% MN966875.1 Bacillus sp. (in: Bacteria) 100%
strain S

M60 2693 693 100% EU379282.1 Bacillus pumilus strain 4RS-5b 100%

16S
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M47
Bacillus subtilis (MH144301.1)
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Figure 4.22: Phylogenetic Tree of Bacterial Isolates from L. Magadi Based on 16S

Rrna Sequences

The scale bar of 0.02 was used. The evolutionary history was inferred by using the

Maximum Likelihood method based on the Tamura 3-parameter model.
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4.3 To Determine the Efficacy of Bacterial Isolates against Fusarium solani and
Rhizoctonia solani on Bean Plantlets.

4.3.1 Root Mortality Rate

During pathogen pre-challenged conditions, the lowest root mortality (15%) was
observed in the treatment (P5) and (18%) treatment (P1). The highest root mortality was
observed in treatments P3 and P4 (56% and 50%, respectively), having pathogen
inoculation alone (Figure 4.23). However, seed biopriming with antagonistic bacteria
significantly lowered (p<0.05) root tissue mortality in the presence of the pathogen. In
comparing the antagonistic bacteria and Trichotech, there was a significant difference in
that the bacteria strains had the lowest root mortality compared to Trichotech treatments
(Figure 4.23).

60
50—
40—

30—
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Treatments

Figure 4.23: Effect of Seed Biopriming with B39, B21, and M10 on Common Beans
Seedlings Root Mortality.
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4.3.2 Effect on Pre-and Post-Emergence Wilt Disease Incidences

The pathogen-challenged conditions showed that P2 (Trichotech) on both pathogens (F.
solani and R. solani) had the lowest (20-23%) pre-emergence wilt disease incidence in
comparison to P3 (F. solani) and P4 (R. solani). Bio-primed seedlings (P5-P8)
significantly (p<0.05) lower pre-emergence wilt disease incidence (25-36%).
Additionally, in absolute control (P1), no pre-and post-emergence wilt disease incidence
was recorded (Figure 4.24). Regarding the post-emergence wilt incidence, there was an
increase of wilt across all the treatments. P3 and P4 recorded the highest post-emergence
wilt disease incidence (60-58%, respectively). Trichotech treatment showed the lowest
post-emergence wilt disease incidence of 22-24%. Additionally, seed bio-priming seeds
(P5-P8) showed relatively lower post-emergence wilt disease incidence compared to P3
and P4 (Figure 4.24).
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4.3.3 Effect of Bacterial Isolates on the Germination Rate, Chlorophyll, Shoot, and
Root Length, Shoot and Root Biomass

The highest germination rate was recorded on absolute control (P1) (99%). There was no
significant difference in effect on germination among the pre-inoculated treatments (P2,
P5, P6, and P7). However, they showed a relatively high germination rate than
pathogen-only inoculation treatments (P3 and P4) (Figure 4.25). The lowest germination
rate of 68% was observed at P3. Seed biopriming also had an effect on the fresh root
weight and shoot fresh weight. The highest shoot weight of 1.97g was recorded in the P5
treatment (B39+ F. solani). However, there was a significant improvement (p<0.05) in
the seed biopriming treatment compared to the pathogen-only inoculated treatment (P3
and P4). The lowest shoot fresh weight was recorded in P3 (F. solani only) and P4 (R.
solani only). B39+F. solani (P5) and P2+ F. solani showed a maximum root fresh
weight of 0.39g compared to other treatments. P3 and P4 treatments had the lowest
shoot fresh weight of 0.18g and 0.20g, respectively (Figure 4.25).
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Figure 4.25: Effect of Seed Biopriming with B39, B21, and M10 on the Common
Beans Seedlings Germination Rate and Biomass Observed under Pathogen Pre-

Inoculation Conditions.

The correlation profile between the shoot, root length and chlorophyll, and the
treatments showed three functional cluster groups (Figure 4.26). Additionally, there was
a relationship between the shoot length and chlorophyll. The highest recorded length
was observed for shoot length at treatment P5 (B39+ F. solani), with the highest
chlorophyll content. It was followed by P1 (absolute control) and P2 (Trichotech + F.
solani & Trichotech + R. solani), which also showed higher chlorophyll content.
Treatments P3 (F. solani) and P4 (R. solani) recorded the lowest readings across the

shoot, root length, and chlorophyll content compared to other treatments.

Additionally, there was varying significance among the treatments on the three

parameters tested (Shoot, root length, and chlorophyll content.). There was no
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correlation between the root length and both chlorophyll and shoot length. Treatment P1
clustered independently, P7 and P8 clustered together, P5 also clustered independently,
P6 clustered independently, P2 for both F. solani and R. solani clustered together, and

finally, P3 and P4 clustered together across the tested parameters (Figure 4.26).
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Figure 4.26: Hierarchical Clustergram of Assayed Seed Treatment on Shoot

Length, Chlorophyll, and Root Length of the Common Bean Plantlets.

Hierarchical clustergram generated using means of shoot/root length and chlorophyll
content at treatments. The heatmap (Euclidean matric) shows the relationship between
treatments, shoot/ root length, and chlorophyll content. The colored scale bar indicates
the significant quantified strength of the parameters tested (shoot, root, and chlorophyll).
The red color in the heatmap indicates the highest, and pink indicates the lowest

significance at P<0.05 for the assayed treatments.
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4.3.4 Induction of Defense Enzymes

In the presence of the pathogen, the highest level (343.21 ug cinnamic acid hr g~ fresh
wt.) of PAL activity was recorded in plant tissue of treatment P5 (B39+ F. solani)
followed by treatment P6 (321.09 pg cinnamic acid hr *g™* fresh wt.). The lowest PAL
activity was observed at P1 (141.08 pg cinnamic acid hr gt fresh wt.). For PPO
enzymes, the highest absorbance (0.083 Changes in absorbance min~tg* fresh wt.) was
obtained in treatment P7 (M10+ R. solani). There was no significant difference (p<0.05)
in PPO enzymes for the bio-priming seeds treatments (Table 4.10). On the other hand,
PO build-up was enhanced by the seed bio-priming with bacteria isolates. The highest
PO (0.142 changes in OD min! g* fresh wt.) was recorded treatment P6 treatment
(B21+ F. solani). Additionally, there was significant difference (p<0.05) for seed bio-
priming treatments (Table 4.10). Treatment P1 recorded the lowest PO treatment (0.047
changes in OD mint g fresh wt.) compared to other treatments. There was no
significant difference (p<0.05) amongst pathogens for PAL, PPO, and PO enzymes
(Table 4.10).

Table 4.10: Effect of Seed Bio-Priming with Bioactive Bacteria on Induction of
Defense Enzymes in Common Bean Plantlets in Pathogen (F. Solani And R. Solani)

Challenged Condition.

Phenylalanine Peroxidase
ammonia-lyase (PO) (A
(PAL) Changes in
(cinnamic acid  Polyphenol oxidase (PPO) (A absorbance
hr-1g-1 fresh Changes in absorbance min— 1g— 1
Treatments wet min—1g—1 fresh wt.) fresh wt.)
Absolute control
(P1) 141.08+10.21f  0.015+0.002e 0.047+0.002f

83



Trichotech (P2)

+F. solani 208.02+9.14de  0.032+0.001c 0.103+0.009d

Trichotech (P2)

+R. solani 212.06+£10.45d  0.029+0.002cd 0.100+0.002d
230.01+11.23c 0.096+0.005d

F. solani (P3) d 0.027+0.002cd e

0.980+0.002d

R. solani (P4) 241.13+14.07c  0.021+0.001d e

B39+ F. solani

(P5) 343.21+15.78a  0.080+0.004a 0.119+0.003c

B21+F. solani 321.04+14.98a

(P6) b 0.075+0.002b 0.142+0.005a

M10+ R. solani

(P7) 301.09+13.82b  0.083+0.003a 0.102+0.002d

B21+ R. solani

(P8) 311.05+£10.23  0.071+0.003b 0.127+0.006b

s*Means in a column followed by the same letter do not significantly differ according to
the Tukey HSD test (P<0.001)

4.3.5 Total Phenolic Content

The total phenolic content significantly increased in leaf and root tissues of biocontrol
bacteria (B39, B21, and M10) compared to P1 and P2 (controls). The highest phenolic
content of 142 pg catechol g fresh leaf wt. and 98 ng catechol ‘g fresh root wt. was
observed in P5 (B39+ F. solani) followed by P6 (B21+ F. solani) with 139 pg
catechol g fresh leaf wt. and 90 ug catechol—1g fresh root wt. (Figure 4.27). The least
phenolic content was recorded in P3-(F. solani) with 95 ng catechol *g fresh leaf wt. and
79 ng catechol g fresh root wt. followed by P4 (R. solani) with 98 ng catechol g fresh
leaf wt. and 80 ug catechol ‘g fresh root wt. The amount of phenolic content obtained

from the leaves was higher than that obtained from the roots (Figure 4.27).
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CHAPTER FIVE

DISCUSSION, CONCLUSION, AND RECOMMENDATIONS

5.1 Discussion

The study aimed to isolate bacterial from L. Bogoria and L. Magadi for subsequent
antifungal activity using dual culturing and disc diffusion method, characterization of
the bioactive isolates morphologically, physiochemical, biochemical, and molecular
approaches. Lastly, assessment of bioactive bacterial isolates for the effectiveness in

controlling both Fusarium solani and Rhizoctonia solani in greenhouse experiments.

The physical parameters of L. Bogoria showed that it is thermophilic with a high-
temperature range recorded. Its location also indicates that it is a highland lake with
1004-1010M above sea level. The results also indicated that L. Bogoria has low salt
concentration and pH compared to L. Magadi, which is recorded the highest pH value
and salt concentration. Lake Magadi is a lowland lake with a range of 604-618M above
sea level, with high conductivity and TDS. The result agrees with earlier studies on both
L. Bogoria and L. Magadi. For instance, Renaut & Tiercelin, (1994) described L.
Bogoria as a highland lake with a surface elevation of >990M above sea level. The lake
water is alkaline and saline, an ideal condition and home of the world’s largest
populations of lesser flamingoes (Harper et al. 2003). The alkalinity (due to Na-HCO3-
CO3 composition) of the water enables the growth of blue-green algae, which feeds the
flamingoes (Harper et al. 2003; Kambura et al. 2013; Simasi 2013). The results showed
few hot springs sampled with a range temperature of 60-90°. The result does not agree
with the past finding of the number of hot springs, which initially had approximately 200
hot springs with a water temperature range of 40 to 110°C (Harper et al. 2003). Over the
past 8 years, the water level has increased, affecting most geysers and the number of hot

springs (Scoon 2018). Since 2013, the lake has been experiencing a high increase in
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water level (Scoon 2018). The result for L. Magadi agrees with AW Duckworth (1996),
who described L. Magadi as an extensive Salt Lake and second-largest source of sodium
carbonate. According to Barnabas et al., (2008); Eunice et al., (2020), the salinity level
goes up to 30% w/v with a pH range of 8.8-12.0 and a low temperature of 22°C-34°C
apart from the hot springs. The lake is unique and has earned itself the tag of an ‘alkaline
saline pan.” This is because it has the largest deposit of solid NaCl, Na2CO3, and trona
(NaHCO3.Na2C03.12H20). The lake has an elevation of 600m above sea level since it
is in the southern part of Kenya and closely borders Tanzania. According to Antony et
al., (2012); AW et al., (2000); Eunice et al., (2020); Kambura et al., (2013); Nyakeri et
al., (2018); Scoon, (2018), L. Bogoria and L. Magadi are classified as soda lakes due to
the unique characterization they have. Despite that, the two lakes are different in terms
of their physical characteristics, such as temperature, pH, salinity, TDS, and
conductivity (Duckworth et al. 1996; Scoon 2018).

Soda lake has become the center stage of research in exploiting the microbial diversity
among the Kenya lakes. Many culturable bacteria isolates were obtained from both L.
Magadi and L. Bogoria. The results indicate that most bacteria were obtained from soil
samples compared to sediment and water. Additionally, a reported number of bacteria
isolates were obtained from either two-sample type or three sample types. The results
agree with previous studies on soda lakes where diverse culturable bacteria isolates were
identified. For instance, Nyakeri et al., (2018) isolated thirty-three bacteria isolates to
assess the ability of L. Magadi isolates to produce enzymes. Some of the genera
identified are bacillus, clostridium, and halomonas (Nyakeri et al. 2018). Other studies
such as Anne et al., (2016); Eunice et al., (2020); Mulango et al., (2020) show diverse
exploitation and identification of various bacteria communities in L. Magadi. They
identified that the lake is rich in the microbial community (bacteria and fungus), and
they have played a significant role, especially in the biotechnology field. The study Bett
(2020) shows that L. Magadi comprises diverse bacterial communities utilizing different
substrates. Lastly, the study done by Ngetha Edwin, (2019) indicates that L. Magadi

contains phylogenetic and morphological diversity of culturable cyanobacteria.
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For L. Bogoria, various studies have indicated that the lake is rich in microbial
communities. For instance, Harper et al., (2003); How Kenya’s Lake Bogoria Is Feeding
the Global Biotech Industry, n.d., Kambura et al., (2013), reported the diversity of the
microbial community of the lake that ranges from bacillus and Gammaproteobacteria
species. Additionally, the study done by Tom et al., (2015) indicates that L. Bogoria has
a wide range of bacillus species that have antibiotic-producing properties. The lake
being saline and thermophilic, has a wide range of enzyme-producing bacteria that has
been exploited, identified, and used in various biotechnological fields (Duckworth et al.
1996, 2000; Simasi 2013). Regarding the distribution of the isolates regarding sample
type, the results agree with previous studies that reported that soil has a large number of
microbes compared to water and sediment (Wu et al. 2021). Soil microbial communities
are responsible for nutrient cycling, stabilizing the ecosystem, and maintaining the soil
structure. Approximately 90% of the bacteria are found in the soil, contributing to the
soil's nutrient content compared to water and sediment. Grasslands have also been
shown to have a more diverse bacterial community due to the stability of biomass
compared to water and sediments (Lawlor et al. 2000). Studies have shown relations
amongst the microbes and environmental factors, geographical location (Fierer and
Jackson 2006; Lauber et al. 2009), pH (Fierer and Jackson 2006; Lauber et al. 2009),
nutrients (Fierer and Jackson 2006; Lawlor et al. 2000) sand temperature. L. Magadi and
L. Bogoria are both saline lakes. The water pH is more alkaline compared to the soil,
which is offshore of the lake. Different pH and temperature contributed to diversity
composition in the number of bacterial communities among the sample types. The
incidences of some bacteria reported to have been isolated from all sample types agree
with the study done by AW Duckworth, (1996); Eunice et al., (2020); Kambura et al.,
(2013); Scoon, (2018), where different species of haloalkaliphilic bacteria were
identified.

In terms of plant pathogenicity, the results indicate that both F. solani and R. solani
elicited narrow root and red-brown lesions on the hypocotyl of the bean seedling.

Lesions extend down to the central taproot, which caused the wilting and death of the
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plantlet for both pathogens tested compared to control. The results agree with the study
by Leep (2016), who reported the narrow roots, red-brown lesion on the stem, and the
lesion extending down to the main taproots as the symptoms associated with Fusarium
solani and Rhizoctonia solani. Additionally, the same results were reported by (Aydi et
al. 2016) on fusarium wilt in tomatoes; (Abbas et al. 2019) on fusarium wilt rot of
safflowers. After the pathogen has colonized the whole root system, in some case extend
up the hypocotyl to the soil surface (Leep 2016). The infected plants are stunted, grow
slowly compared with healthy plants, and light green to yellow for the leaves (Amare
Ayalew 2015; Naseri 2014; Teixeira et al. 2015; Toghueo et al. 2016). The symptoms
also agree with previous studies reporting the pathogenicity of F. solani and R. solani.
For instance, Jabnoun-Khiareddine H, (2018) reported the pathogenicity of R. solani on
pepper (Capsicum annum) which caused Rhizoctonia root rot and R. solani inducing pre-
and post-emergence root rot diseases and plant growth reduction (Jabnoun-Khiareddine
H 2018). Amare Ayalew, (2015); Belete, (2015) reported the same symptoms on black
root rot of faba beans and seed rot, post-emergence damping-off, and root rot by R.

solani.

The results showed that both F. solani and R. solani impact germination rates, plant
height, the severity of the plant, length of root, root fresh weight, and shoot fresh weight.
This could be because, during germination, pathogens have colonized the soil. It is easy
for the pathogen to attack the young seedlings due to weak rooting, preventing
germination. Additionally, it causes poor root function depriving plants of nutrients and
water. Therefore, it results in stunted plant growth in terms of height, causing the death
of the plant and affecting the plant biomass (fresh root weight and shoot fresh weight).
The modes of action for the F. solani and R. solani were different. For instance, F.
solani produces spore that help it from spreading and compromise the plant's immune
system. It was able to colonize the stem of the plants depriving the plant of a sufficient
supply of nutrients and water. For R. solani, they were classified as mushroom-like due
to their inability to produce spores. Instead, they have a high and faster growth rate. This

mode of action makes the mycelium deprive the plant of nutrients, resulting in a
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decrease in plant height and biomass (Dukare, Paul, and Arambam 2020; Rathna Priya
and Manickavasagan 2020; Toghueo et al. 2016). The production of common beans has
been affected due to the Fusarium root rot and Rhizoctonia root rot which causes the
death of the plant and reduces the yield of production to approximately 50% (Fatiha
Lazreg et al. 2014, Sippell and Hall 2009).

Soda lakes, are the most exploited lakes in Kenya, have contributed a significant impact
in the industry, for instance, in the production of enzymes (Nyakeri et al. 2018).
Exploitation in terms of genetic diversity also has made various discoveries on the
importance of isolated and identified microbes. In agriculture, limited research has been
done to quantify the significant impact of soda lakes microbes in managing and
controlling plant pathogens. The screening of soda lakes bacteria will help detect
biocontrol potential, which acts against damaging fungal root pathogens. In the present
research, the dual plate and disc diffusion assay showed that bacteria isolates obtained
from L. Bogoria and L. Magadi inhibit mycelium growth of phytopathogenic agents (F.
solani and R. solani). This can probably be because of the synthesis of lytic enzymes

produced by bacteria involved in cell degradation during antagonism.

Additionally, mycelial inhibition rate could have been as a result of bacterial diffusible
inhibitory antibiosis substances, which could have suppressed and restricted the growth
of the pathogen. Biocontrol employ different mechanisms in which the biocontrol
employs in the management of the pathogen are mycoparasitism, characterized by the
active growth along the host hyphae and the production of enzymes that degrade or
break the host cell wall. The bioactive isolates might have employed this mechanism by
penetrating the F. solani and R. solani cytoplasm, resulting in the pathogen's death. Still,
the bioactive isolates could produce hydrolytic enzymes, such as chitinase and
cellulases, which reduce the mycelial length. This mechanism has been reported by
(Gerbore et al. 2014) on the biological control of plant-pathogen a cases study of
Pythium oligandrum. Despite this mechanism being reported, further investigation is

needed to determine whether bioactive isolates (L. Magadi and L. Bogoria) employed
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the same mechanism in inhibiting the mycelium of the pathogen tested. Antibiosis is a
second mechanism employed by most microbes. Antibiosis is the specific interaction in
which the prey is destroyed by toxic secondary metabolites produced by antagonistic
microbes. The result shows the antibiosis mechanism. They are responsible for the
suppression and restriction of the growth of the pathogen. According to Asaka & Shoda
(1996), different bacteria such as Bacillus spp. are well known to produce diverse
antibiotics used in the biological control of plant pathogens. Additionally, endophytic
bacteria have been reported to have antibiosis effects against fusarium (Alabouvette et
al. 2007; Amare Ayalew 2015; Baazeem et al. 2021; Gerbore et al. 2014; Muriungi et al.
2014; Rocha et al. 2017). Therefore, this has resulted in antibiosis as the most important
mechanism to limit pathogen invasion in plants and inhibition of the development of

plant pathogenic organisms by producing secondary metabolites (Gerbore et al. 2014).

The results show the formation of a colorless zone of inhibition, which suggests the
production of colorless metabolites by the isolates that diffuse in the media and possibly
inhibit the radial growth of fungal pathogen tested. The results agree with the findings
reported by (Fravel 2005). The study shows varying levels of antagonism from
different isolates, which indicates the possibility of different mechanisms of antibiosis
exhibited by antagonistic agents against different pathogens. Similar effects were
reported by Belete (2015) using Native Bacillus isolates to manage black root rot
diseases caused by F. solani in faba beans; (Jabnoun-Khiareddine H 2018) the use of
fungal and bacterial agents in control of Rhizoctonia root rot of pepper. Aydi et al.,
(2016) reported the use of endophytic bacteria from Datura stramonium to suppress
Fusarium wilt disease in tomatoes. Mahmoudi & Naderi, (2017) reported anti-fungal
and bio-control properties of chitinolytic bacteria in control of Fusarium root rot in

safflower, among others.

The results also indicate the variation of F. solani and R. solani in an isolated location.
This might be due to the different physical characteristics of the lakes. For instance, L.

Bogoria is a hot spring lake with a pH of 9.0 and a temperature of approximately 76-
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90°C. Additionally, it has low salt concentration, conductivity, and total dissolved
solvent. L. Magadi is known as a saline lake with a pH>9.0. It has the highest salt
concentration, conductivity, and total dissolved solvent. This variation contributes to
different mechanisms of action. This result agrees with the previous studies done by
Gerbore et al., (2014), indicating that the mode of action for most antibiosis microbes is
affected by environmental factors. Additionally, the variation may have been due to
microbe’s growth being depended on temperature, nutrition, and light, prerequisites for

heavy parasitism. Still, in a harsh environment, this mode is consistently attenuated.

Nutrient and space competition can also be attributed to the suppression of spore
germination around the bacteria. According to Gerbore et al., (2014); Jabnoun-
Khiareddine H, (2018), nutrition and space competition is a general phenomenon of
regulating the population dynamics of microbe sharing the same ecological niche and
physiological requirements when resources are limited. This phenomenon can be
quantified by the elevated chloride concentration, as reported by (Gerbore et al. 2014). A
similar model of action was reported for T. harzanium against R. solani on radish (Lui
and Baker 1980) Fusarium oxysporum against fusarium wilt on melon (Alabouvette et
al. 1983). Despite this mode of action being principal in microbial antagonism,
especially when suppressing the pathogen causing decays, it is considered difficult to
exploit for biological control Alabouvette et al. (2006) for soilborne pathogens whose
interactions are numerous. Since various studies described mycoparasitism and/or
antibiosis as the main mode of biocontrol, space competition and space are probably

minor mechanisms used by most biological control agents.

Physiochemical characterization of the bioactive isolates showed that they could grow in
a wide pH range. The highest growth was observed at pH7.0, 8.5, and 10.0, respectively.
However, the results also indicated that the bioactive isolates could grow at acidic pH
5.0. The results concurred with a previous study by Morita et al., (1999) which
indicated that a pH range of 5.7 to 9.0 favors the growth of alkaliphiles. However, the

pH range of 7.0 to 11.0 serves as selective optimum pH. Soda lakes have a high range of
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pH. Hence, the microbes can only survive by maintaining their cytoplasm at the same
pH as their mesophilic relatives. The mechanism through which this achieved is
secondary proton uptake mediated by membrane-associated antiporters ( Kambura et al.,
2016). They also use passive mechanisms, for instance, negatively charged cell wall
polymers in alkaliphiles, unusual bioenergetics, positive surface charges, and high
internal buffer capacity. Alkaliphiles are also able to maintain an internal pH >7,5
regardless of the environmental pH. Most bacteria activate the sodium-ion pump at this
high pH, which lowers the internal pH by transporting hydrogen ions into the cells (Abo-
Bakr et al. 2020). According to DeLong and Pace (2001), alkaliphiles have cell
membranes with a special composition of tissues that protect them from highly alkaline
conditions. The results showed that M16 and M60 had the highest growth at acidic
conditions; B39 was alkaliphiles, and M9 and M50 were neutrophiles. The study
concurred with the previous findings by Krulwich et al., (1985), who reported the wide
range of pH (4.5-10.0) which supports bacillus can grow. The result agrees with the
findings of Kambura et al. (2016) Mulango et al. (2020); Kambura et al., (2013);
Nyakeri et al., (2018), reported the varied bacterial growth at different pH.

The bacteria isolates were able to tolerate different concentrations of salinity. Most of
the bioactive isolates had a maximum growth at 0.0M of NaCl. This is because most of
them were isolated from soil samples. The ability of the bioactive isolates to grow at
different salt concentrations indicates they are tolerant to salinity and as an adaptive
strategy to survive in adverse growth conditions. This is in agreement with earlier
studies on Bacillus spp. (Li et al. 2002). Soda lake bacteria can survive for millions of
years in the fluid inclusions of salt deposits, including the evaporates, by adaptation to
these potentially deadly ecosystems (Mwirichia, et al. 2010). To prevent water loss from
their cell membrane, halophile offsets the high salt in the environment by accumulating
potassium and glycine-betaine compounds. This mechanism balances the salt
concentration inside the cell and the environment preventing the cell from bursting due
to the diffusion of water. Studies done on Magadi bacteria agree with the findings of

diverse growth of bacteria at different salt concentration (Nyakeri et al. 2018). The
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ability of bacterial isolates to grow at different salt concentrations has also been reported
by (Bett 2020; Duckworth et al. 1996, 2000; Kambura et al. 2013, 2016; Kiplimo et al.
2019; Nyakeri et al. 2018; Scoon 2018) for lake Magadi and (Anon n.d.; Antony et al.
2012; Harper et al. 2003; Scoon 2018) for lake Bogoria isolates.

The growth of the bioactive bacteria at varied temperatures indicates that Bogoria and L.
Magadi harbors diverse microbes that can adapt to a wide temperature range. This
property is ideal for biocontrol since different environments have different temperatures.
The study agrees with previous studies that show the ability of L. Magadi and L.
Bogoria bacterial isolates to adapt at different temperatures (Duckworth et al. 1996,
2000; Kambura et al. 2013; Scoon 2018).

The BLAST results showed diversity of L. Bogoria bacterial isolates were from the
Bacillus genus within the Firmicutes domains. Others belong to the
Gammaproteobacteria class in the phylum proteobacteria with a 98.71-100% similarity
index range. This results concur with the previous studies on L. Bogoria, where
phylogenetic analysis of the bacteria partial 16S rRNA gene sequence showed
Firmicutes and Gammaproteobacteria as the dominant bacteria domains (Mwirichia et
al. 2010; Simasi 2013; Szilagyi-Zecchin et al. 2016; Torome* et al. 2015). The BLAST
result for L. Magadi bacteria isolates showed (100%) were obtained from the Bacillus
genus within the Firmicutes bacteria domain with a percentage identity between 99.39%
and 100%. This results concur with the previous findings on the diversity of microbes on
L. Magadi (Kambura et al. 2013; Kiplimo et al. 2019; Mulango et al. 2020; Nyakeri et
al. 2018). From the study of the two lakes, firmicutes with low G+C content were more
diverse and abundant than the proteobacteria. This agrees with the study where
cultivation-dependent analysis of microbial diversity of soda lakes, revealed two major
cluster groups of the established lineage of bacteria; Gram-positive bacteria (Bacillus &

relative) and Gram-negative subdivision proteobacteria.

From the study, 84.2% of the bioactive bacteria belong to the genus Bacillus. Among

these were; Bacillus subtilis, Bacillus tequilensis, Brevibacillus brevis, Bacillus
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velezensis, Bacillus amyloliquefaciens and Bacillus licheniformis and Bacillus pumilus.
Bacillus sp are most abundance found in aerobic, eubacterial alkaliphiles in soda lakes
and normal environments (Antony et al. 2012; Duckworth et al. 1996; Morita et al.
1999; Scoon 2018). The Bacillus spp identified; Bacillus subtilis (seven), Brevibacillus
brevi (One), Bacillus velezensis (Three), Bacillus tequilensis (One), Bacillus
amyloliquefacien (One), Bacillus licheniformis (One), Bacillus pumilus (One) and
Bacillus sp (One) have been previously isolated from L. Bogoria and L. Magadi,
clustering with Bacillus members that are alkalitolerant and alkaliphilic. Hence, they are
heterogenic in physiology, ecology, and genetics. They have a wide diversity in
physiological types, such as antibiotic production, nitrifiers, nitrogen fixation,
acidophiles, thermophiles, etc. According to a study done by Anne et al., (2016); Eunice
et al., (2020), soda lakes comprise diverse microbes not only in firmicutes but other

domains.

B. subtilis have biotechnological importance due to its ability to produce extracellular
alkaline enzymes like amylase, protease, and pectinase that are resistant to adverse
temperature and at high pH (Sokorin et al., 2014). From the result, these strains produce
different enzymes. The enzymes produced include pectinase, phosphatase, chitinase,
produce, and IAA. The production of the secondary metabolites by the B. subtilis strains
varied. Bacillus produces different diffusible metabolites with potent growth inhibitory
activity against several phytopathogens (Hernandez-Leon et al., 2015; Hossain et al.,
2016; Nam et al., 2016). The antagonistic potential of diffusible and volatile metabolites
producing avocado rhizobacterial strains of Bacillus has been reported against Fusarium
kuroshium using dual plate culture assay (Guevara-Avendano ~ et al., 2020). The
production of different hydrolytic enzymes (such as chitinases, amylase, cellulase,
protease, pectinase, and lipase) is another trait associated with Plant growth promoting
rhizobacteria (PGPR), enabling them to restrict fungal pathogen growth from
disintegrating their cell wall (Dhar et al., 2018). Chitin lytic enzyme production is not
only a bio-control mechanism related to these bacteria but is also the most important

mechanism (Chang et al., 2003). It has been reported that there is a high correlation
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between the anti-fungal activity and chitinase-producing ability of chitinolytic bacteria
(Compant et al., 2005). Chitinase production has been reported in different species of
Bacillus such as B. megaterium, B. circulans, B. cereus (Huang, 2005), B. subtilis
(Wang 2006).

Bacillus amyloliquefaciens strain K2-2(MH265986.1) is Gram-positive bacterium,
creamy-white in color and rough with irregular edge and single rod-shaped. The findings
agree with the morphological description of previously isolated Bacillus
amyloliquefaciens as a Gram-positive, non-pathogenic endospore-forming soil-
inhabiting prokaryotes (Belbahri et al. 2017a; Hwang et al. 2012). Naturally, these
bacteria are found in soil and reported to from temperature range of 14.5 to 57.7°C
(Berendsen et al. 2016). The results indicate that it can grow at a low saline condition of
below 0.5M. The results concur with the findings (Marach et al. 2020), indicating the
ability to grow in nutrient broth with or without 5% NaCl for 24h. Bacillus
amyloliquefaciens promotes the growth of a plant. For instance, the bacteria has the
ability of the bacteria to produce chitinase and Indole-3-acetic acid (IAA). Belbahri et
al., (2017); Borriss et al., (2011) also demonstrated that B. amyloliquefaciens subsp.
Plantarum can colonize plant roots and produce plant growth hormone known as indole-
3-acetic acid. Other studies also established that B. amyloliquefaciens could produce
numerous antimicrobial and bioactive metabolites such as surfactin, iturin, and fencing,
which have well established in vitro activity (Belbahri et al., 2017). Its antifungal
activity is due to the non-ribosomal synthesis of the cyclic lipopeptides bacillomycin and
fengycin. Its antibacterial activity is mainly due to non-ribosomally synthesized
polyketides (Chowdhury et al. 2013). However, these metabolites were not assayed in
this study. The production of these compounds highlights B. amyloliquefaciens and its
close relative in the study (MH265986.1) as good candidates for the development of

biocontrol agents.

Bacillus tequilensis strain IKAK46 (MZ314516.1) is a Gram-positive and rod-shaped
bacterium. with wide temperature range of 30-40°C and grows in a wide range of pH
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from 5.5-8. The findings concur with previous studies describing Bacillus tequeilensis as
a Gram-positive and rod-shaped bacterium (Li et al. 2018). Bacillus tequilensis is
capable of producing enzymes such as chitinase, phosphatase, and protease. The
production of secondary metabolites helps degrade cell walls and is therefore used as an
antifungal against various pathogens. They produce extracellular enzymes, which makes
it possible to have the capacity to demonstrate multiple mechanisms against F. solani
and R. solani. First, chitinase, cellulase, and protease might cause an abnormal hyphal
morphology of pathogens. Therefore, chitinase and protease secreted by Bacillus
tequilensis can cause hyphal deformation and growth suppression of pathogens.
Secondly, phosphatase secreted by Bacillus tequilensis can promote plant growth by
reducing the adverse effects of ethylene. As we know, plant growth promoters might
improve plant disease resistance indirectly. Maybe, it could be a result of the antagonism
of Bacillus in the protection of host rice against pathogens by promoting growth. In
addition, further studies aiming to identify the compounds responsible for the antifungal
activity of B7 (Bacillus tequilensis) should be done. Bacillus tequilensis has been used
as a biocontrol for plant pathogens. The ability to decrease the radial mycelium growth

of most fungi has been an upper advantage of being used as a potential biocontrol agent.

The results concur with the previous findings, which have described Brevibacillus brevis
as a Gram-positive, aerobic, motile, spore-forming, and rod-shaped bacteria (Ray, Patel,
and Amin 2020). Brevibacillus species are isolated from soil, water, and air, and
therefore, they have a wide spectrum of different species. It is also difficult to
distinguish between species due to the complexity of the genus Brevibacillus and poor
response in conventional biochemical tests (Goto et al. 2004). The complexity of the
bacteria also has been identified to be isolated in a different environment. Some of the
characters found are halophilic and thermophilic, growing at 30-50°C with an optimum
range of 35°C. Brevibacillus brevis grow at an alkaline pH and with or without saline
conditions (Ray et al. 2020).
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Brevibacillus brevis produces secondary metabolites such as protease, phosphatase,
chitinase, HCN, and IAA. The results concur with the finding of Ray et al., (2020), who
described the Brevibacillus as a PGPR bacteria. Additionally, Nehra et al., (2016)
reported that B. brevis is a potent PGPR in cotton crops and, therefore, encouraged the
use of B. brevis on a large scale for enhancing the growth and productivity of the cotton
crop. It is observed that the ability to produce phosphatase, IAA, acetylene, and
antifungal can of good impact on the agriculture sector. The production of secondary
metabolites that can inhibit the mycelium growth of F. solani and R. solani makes it a
potential biocontrol. B. brevis synthesized a potential peptide, antibiotic gramicidin S,
which is responsible for attacking the lipid bilayer of the membrane of organisms
(Ahmed 2017). It has potential antifungal properties that act as biocontrol agents. For
instance, B. brevis was active against fusarium wilt in pigeon pea (Ray et al. 2020).
Edwards & Seddon, (2000, 2001) reported that gramicidin S produced by B. brevis is
highly sporicidal toward conidia of B. cinerea and is less inhibitory toward the growth of
mycelium. Omar, (2014), investigated the inhibitory and antagonistic impact of several
rhizobacteria against various isolates of Fusarium on sage plants and found that B.
brevis, B. agri, and B. formosus have a high effect in the suppression of Salvia
officinalis wilt and root rot disease effectiveness, probably due to the production of
several inhibitory metabolites like HCN, chitinase, and siderophore. (Barnabas et al.
2008; Tamiru and Muleta 2018; Tekner et al. 2019) Investigated the potential effect of
B. formosus strain DSM 9885 and B. brevis strain NBRC 15304 as a biocontrol agent on
potato against potato brown leaf spot disease caused by Alternaria alternata and
reported that the use of the tested Brevibacillus strains could enhance resistance to
brown leaf spot in potato by inhibiting the linear mycelia growth and spore germination
of A. alternata as well as checking the in vitro hypersensitive response through detached
leaves. Protein profiles obtained through SDS-PAGE revealed a unique protein band
pattern due to Brevibacillus as a possible biocontrol agent. (Nehra et al. 2016) reported
that the B. brevis IPC11 and other strains provided maximum protection to tomatoes

against bacterial canker disease. (Nehra et al. 2016), discovered that B. brevis is a
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potential biologic control agent for reducing the impact of Fusarium oxysporum f.sp.
lycopersici on tomato. Ahmed, (2017); Edwards & Seddon, (2000, 2001) reported the
largescale use of Brevibacillus brevis and Bacillus polymyxa as biocontrol of pre- and
postharvest strawberry from gray mold Disease. B. brevis DZQ7 was isolated from the
tobacco rhizosphere soil in Guizhou, China, and reported to show broad-spectrum
antimicrobial activity to soilborne disease-causing pathogens, i.e., Ralstonia
solanacearum, Phytophthora nicotianae, and Fusarium spp., and has been widely used

in biologic control of soilborne.

The use of B. velezensis as a potential control against F. solani and R. solani has been
reported by (Elmahdi et al. 2015; Jiang et al. 2018; JM et al. 2016; Kim et al. 2021; Myo
et al. 2019; Rabbee et al. 2019). Therefore, more exploitation needed to be evaluated to
quantify its mode of action. Additionally, B. velezensis is attracting attention as a
valuable biocontrol agent. Accordingly, to develop and formulate bio-based products, it
Is increasingly important to understand the antifungal potential of biosynthesis
of B. velezensis. Furthermore, the elucidation of genes responsible for bioactive
secondary metabolites and the ability to control such genes are additional important
steps for increasing the production of metabolites by beneficial microbes and for
facilitating metabolic engineering. B. velezensis may represent a practical and powerful
biocontrol agent that can be used as an effective alternative to synthetic agro-chemicals.

Bacillus licheniformis strain AP6 (MT367712.1) is a bacterium mostly found in soil and
birds' feathers. It also survives at a high temperature of 50°C and high alkaline pH of 8-
10. Additionally, the presence of flamingo birds at L. Bogoria contributes to the
colonization of the B. licheniformis. B. licheniformis produces different enzymes such as
protease, IAA, phosphatase chitinase. The results agree with previous findings, which
indicate that it produces alkaline protease used in industry due to its ability to withstand
high temperatures (Nyakeri et al. 2018). The ability of the isolate to produce secondary
metabolites can therefore be linked to its ability to prevent R. solani and F. solani. It is

in the same class as Bacillus sp. It is classified as a PGPR bacteria and is, therefore, able
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to be used as a biocontrol agent. Different research has been reported for different strains
of B. licheniformis in control of different plant pathogens. For instance, Zhaolin et al.,
(2015) reported the biocontrol effect of B. licheniformis W10 on peach brown rot caused
by Monilinia fructicola in the storage of peach fruits. It was observed that B.
licheniformis strain W10 had an antifungal activity that reduced peach fruit rot hence
recorded as a potential biocontrol agent (Zhaolin et al. 2015). B. licheniformis have been
reported as biocontrol of vitis vinifera cv. Glera (Nigris et al. 2018). The ability to
produce systematic induced defense (ISR) via specific synthetic pathways that can
produce metabolites protects the plant against pathogens. B. licheniformis strain N1 has
been linked as a biocontrol in managing tomato gray mold caused by Botrytsis cinerea
(Lee et al. 2006). Lastly, B. licheniformis has been reported as a potential biocontrol of

Fusarium root rot of coastal pine (Won et al. 2018; Y et al. 2020).

Bacillus pumilus is a spore-forming bacteria that is rod-shaped, Gram-positive, and
aerobic. It resides in soils, and some colonize in the root area of some plants where B.
pumilus has antibacterial and antifungal activity. Bacillus pumilus participates in a wide
range of symbiotic relationships. B. pumilus can function as plant growth-promoting
rhizobacteria within the rhizosphere of agriculturally significant plants such as red
peppers (Capsicum annuum L.) and wheat (Triticum aestivum). In wheat, B. pumilus
also induces plant resistance to Take-all (Gaeumannomyces graminis), a fungal disease
that can significantly damage wheat crops (Hill, Baiano, and Barnes 2009; Sari,
Etebarian, and Aminian 2007). Additionally, B. pumilus is thought to function as a plant
growth-promoting endophyte in Vitis vinifera grape plants (Thomas 2004).

The study also obtained bacteria affiliated to members of the class
Gammaproteobacteria. The genera in this class include Alcaligenes and pseudomonas.
This concurs with earlier studies on Lake Elmenteita, where BLAST analysis of the
partial sequences shows that 60 % of isolates belonged to the class
Gammaproteobacteria. These were affiliated with Halomonas, Marinospirillum, and

Idiomarina species (Mwirichia et al., 2010). In another study by Grant (2004), forty
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cloned sequences were found to be like that of known bacterial isolates (>97 % sequence
similarity), represented by the species of the genera Gammaproteobacteria.

Alcaligenaceae bacterium strain S10 (MT295372.1) is a gram-negative, aerobic, rod-
shaped bacteria and capable of growing in different conditions. For instance, at pH 5.0-
7.0, the temperature of 25-40°C and salinity of 0-0.5M. The results agree with previous
research findings, which identified similar physiochemical characteristics (Kambura et
al. 2013; Mulango et al. 2020; Nyakeri et al. 2018). In terms of enzymatic production,
the results indicate the ability to produce protease, pectinase, phosphatase, chitinase,
HCN, and IAA. The metabolites are used as a defense mechanism and are therefore
capable of inhibiting the growth of the pathogen. Similarly, they play a big role in the
growth and development of the plant. For instance, the ability to produce phosphatase
and 1AA for enhancement of plant growth and development. Similar results have been
reported by (Mulango et al. 2020; Ngetha et al. 2019; Nyakeri et al. 2018). In terms of
biocontrol, limited research has been done to quantify the Alcaligenaceae bacterium's
ability to inhibit the fungal pathogen's growth. However, they have been used as
potential nitrifiers (Kalnin$ et al. 2020). Additionally, the whole genome sequences
alicaligene sp contain protein-coding genes responsible for denitrification pathways, a
network associated with phenolic compounds degradation, and HCN and siderophores
synthesis (Felestrino et al. 2020).

Pseudomonas spp has been previously isolated in L. Bogoria (Antony et al. 2012;
Duckworth et al. 1996, 2000) and L. Magadi (Eunice et al. 2020; Nyakeri et al. 2018).
They are gram-negative and rod-shaped bacteria with colony morphology of large,
opaque, flat with irregular margins, and distinctively fruity odor colonies. The results
show that pseudomonas spp can grow at salinity, varied pH, and temperature range of
20-40°C. This agrees with previous findings, indicating that pseudomonas can induce
salinity tolerance (Egamberdieva et al., 2015) and grow at a 5.5-10 (Xiong et al. 1996).
The results (Figure 4.18;
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Table 4.7) indicate that they can produce different enzymes such as IAA, HCN,
protease, chitinase, phosphatase, and pectinase. Pseudomonas spp produces
phosphatases catalyzing the hydrolysis of phytic acid, thereby releasing a usable form of
inorganic Phosphatase for the plants (Weller 2007a). Bacteria with phytase activity have
been isolated from the rhizosphere and proposed to promote plant growth in soils with
high content of organic Phosphatase. Studies have revealed that phytase-producing
rhizobacteria not only harbor the ability to mineralize phytate but also harbor other
PGPR activities, such as the production of indole acetic acid, siderophore, volatiles, and

ammonia.

They are capable of producing HCN and HCN by beneficial rhizobacteria have been
studied as a biocontrol mechanism (i.e., antibiosis) displayed by several biocontrol
agents (Cernava et al. 2015). The ability of pseudomonas to be used as biocontrol have
been reported by various research findings (Egamberdieva, Jabborova, and Hashem
2015; Gémez-Lama Cabanas et al. 2018; Weller 2007a).

The ability to substantially lowered the root mortality is evident for the presence of
fewer root dead cells in this strain treatment due to the presence of inhibitory enzymes
associated with the killing of pathogen and diminishing population in the rhizosphere
and thus curbing their entry inside the root tissue (Abbas et al. 2019; Ajayi-Oyetunde
and Bradley 2018; Akrami et al. 2013; Aydi et al. 2016; Chang et al. 2008; Grady et al.
2019; Kim et al. 2021). Bacillus spp can produce dehydrogenase enzymes mainly linked
with the mitochondrial respiratory function in the living tissue, hence determining the
viability of the plant survival (Dukare and Paul 2021; Jiang et al. 2018; Nigris et al.
2018; Zhao et al. 2017). Bacillus licheniformis had the lowest root rot mortality, due to
its ability to secrete chitinase that degrades chitin. Chitin is the major component of
fungal cell walls, makes it easier to protect the seedling (Nigris et al. 2018; Won et al.
2018). The results agree with previous findings, which reported the ability of Bacillus

licheniformis to have a lower root rot mortality on hyphae of F. oxysporum (ldris,
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Labuschagne, and Korsten 2007). Like bacillus subtilis and bacillus velezensis, the
mechanism of defense against the tested pathogen is similar.

Further, Bacillus licheniformis, Bacillus subtilis, and Bacillus velezensis reduced wilt
disease incidence in bean plantlets. The previous studies have reported the ability of the
Bacillus species to reduce fusarium and Rhizoctonia wilt diseases (Abbas et al. 2019).
According to Abbas et al., (2019); Mahmoudi & Naderi, (2017), many bacillus species
can reduce wilt incidence due to the ability to produce antifungal arsenals and priming
host immunity against harmful pathogens. Bacillus species can synthesize 45
antimicrobial compounds majorly comprising antifungal cyclic lipopeptides. The
metabolites can curb the growth, metabolism, and pathogenesis of many fungal
phytopathogens. The results are supported by a report from which can reduce wilt
incidence caused by various pathogens in the host plant (Ashraf et al. 2020; Edwards
and Seddon 2000; Gossen et al. 2016; Jiao et al. 2021; Mahmoudi and Naderi 2017,
Won et al. 2018). Further, the bacteria's inoculation can improve the growth of the host
plant compared to untreated control.

In planta assay results, the evaluated Plant growth promoting rhizobacteria (PGPR)
considerably improved plant growth in shoot and root elongation, plant biomass, and
chlorophyll content compared to the other treatments. The increase in plant height and
biomass for biopriming seeds can be due to growth regulator hormones and phosphatase
production. Seed biopriming results in quantitative changes in biochemical content of
the seed and, therefore, improved membrane integrity. Seed coating with a bio-control
agent is the most effective treatment for controlling root rot disease and increasing the
plant's growth. The chlorophyll content was observed highest in bio-primed seeds
compared to uninoculated. Therefore, the increase in chlorophyll content indicates the
possibility of enhanced nutrient uptake that could have led to an observed increase in
biomass and height of the bean plantlets. The improved chlorophyll content is also an
indicator of increased fruit production. Bacillus licheniformis, Bacillus subtilis, and

Bacillus velezensis have been linked to increasing plant biomass, height, and chlorophyll
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content. Additionally, the suppression of root pathogens in the rhizosphere improves the
host plant's rooting and growing condition. Similar findings have been demonstrated by
Mahmood et al. (2020), wherein the inoculation of biocontrol microbes improved
seedling germination and survival, vigor index, shoot/root elongation, and fresh/dry

biomasses.

Elucitation of the host plants’ defense system is another indirect way through biocontrol
that makes plants more tolerant towards invading phytopathogens. Along these lines, the
results the induction of systemic resistance (ISR) in common bean by the antagonistic
species of bioactive bacteria (Bacillus licheniformis, Bacillus subtilis, and Bacillus
velezensis) in response to wilt pathogen F. solani and R. solani. In the absence of
bioactive bacterial bioagents, the bean plants inoculated with F. solani and R. solani had
reduced defense-related antioxidants enzymes (PAL, PPO, and PO). Like the antioxidant
enzyme, a higher phenolics compound was highly accumulated in bioactive bacterial
primed common beans seedlings. The enhanced activity of the host plant defense system
(PAL, PPO, and PO) is probably due to the secretion of siderophores, chitinase, and
protease, which act as signaling molecules in the activation of systemic resistance (Rais
etal. 2017)

5.2. Conclusion

The study showed that L. Bogoria and L. Magadi harbors diverse bacteria species. A
total of 49 and 61 bacteria isolates were obtained from L. Bogoria and L. Magadi,
respectively. For L. Bogoria, out of 49 bacteria isolates, 17 bacteria isolates (34.7%) had
antifungal activity against F. solani and R. solani. On the other hand, for L. Magadi, out
of 61 bacterial isolates, 25 bacterial isolates (41.0%) had antifungal activity against F.
solani and R. solani. A number of bacteria isolated from L. Bogoria and L. Magadi

showed antifungal activity against F. solani and R. solani.
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The selected bioactive bacteria were characterized and identified. The bioactive isolates
grew well at pH 7-10 though some grew at pH 5.0, the temperature of 20-60 with an

optimum temperature of 30-35, Salinity concentration of 0-2M with an optimum of OM.

The bioactive isolates produced different enzymes; protease, pectinase, phosphatase,

chitinase, IAA, and HCN which are indicators of biocontrol agents.

Molecular characteristics of bioactive isolates indicated that all of them belong to the
bacteria domain. 84.2% of the bioactive isolates were affiliated to genus Bacillus,
phylum Firmicutes, and 15.8% affiliated to Gammaproteobacterial. Firmicutes were

obtained from both Lakes, while Gammaproteobacterial was from L. Bogoria only.

Isolates tested in vivo (greenhouse) showed the ability to reduce root rot mortality,
increase the plant's length, increase the biomass, reduce pre-and post-emergence wilt
incidence, and produced phenolic and antioxidants enzymes compared to uninoculated

control.

Therefore, tested isolates showed potential biocontrol activities and can be used to
manage F. solani and R. solani in beans plantlets.

5.3 Recommendations

Soda lakes harbor diverse microorganisms that are important not only in managing plant
pathogens but also in industrial use. And to obtain diverse variety, the need for

modification of the protocol is necessary to allow the isolation of more diverse genera.

Further exploitation in the use of soda-lakes microbes for different plant pathogens
needs to be done. Since there is a wide range of plant-pathogen affecting agriculture
sectors, soda-lakes can be part of the solution.

Research should also be narrowed to isolating specific secondary metabolites (enzymes
and growth promoters) produced by these microorganisms for biocontrol, biofertilizers
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or industrial use. It will also help to elucidate the structure and biochemical
characteristics of any novel bioactive metabolites detected.

Further research on the mode of action for the bioactive isolates should be done to

determine the interaction between the biocontrol agent and the pathogen

Field trials should be conducted for those isolates tested in greenhouses to determine
their effectiveness in the field on the tested plant pathogens. Additionally, toxicity tests
should be conducted on the products and the isolates to assess if they are harmful to the

human consumption of animals.

Whole-genome sequences of the bioactive isolates should assess some of the genes
responsible for producing different secondary metabolites or salinity and drought-
induced genes since they were obtained from harsh environments and whether the genes

can be useful in the biotechnological field.
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APPENDICES

Appendix I: RStudio Scripts for Physiochemical and Enzymatic Analysis

data <- read.csv(file.choose(),row.names = 1)

data <- data.frame(data)

dt <- as.matrix(data)

library(devtools)

library(ComplexHeatmap)

library(dendextend)

dend = as.dendrogram(hclust(dist(dt)))

dend = color_branches(dend)

rownames(dt)

colnames(dt)

column_ha = HeatmapAnnotation(Temp = runif(7), barl = anno_barplot(runif(7)))
row_ha = rowAnnotation(lsolates = runif(19), bar2 = anno_barplot(runif(19)))

Heatmap(dt, name = "Temp", row_split =5, cluster_rows = dend,column_split = 4,

top_annotation = column_ha, left_annotation = row_ha)

image <- Heatmap(dt, name = "Temp", row_split =5, cluster_rows = dend,column_split

= 4, top_annotation = column_ha, left_annotation = row_ha)
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image
png(“image.png”,units = "in",width = 5, height = 7, res = 300)
image

dev.off()
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Appendix Il: Gram Staining of the Bioactive Bacteria
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Appendix I11: 50X TAE Electrophoresis Buffer

Contents and Storage

Contents Amount Storage

50X TAE Electrophoresis
Buffer

1 litre 15°Cto25°C

1X Buffer Composition

40 mM Tris, 20 mM acetic acid, 1 mM EDTA.

Applications

Nucleic acid agarose and polyacrylamide gel electrophoresis.

Agarose and polyacrylamide gel preparation.

Note

Buffer concentrate should be diluted to a working concentration of 1X before use.

For each electrophoresis fresh 1X buffer should be used.
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Appendix 1V: Ethidium Bromide 10X

Dissolve 1.0 g of EtBr in a final volume of 100 ml ddH20. Wrap the bottle in
aluminum foil and stir several hours to get a true solution. Store at 4 °C.
To make the 1x stock used to stain gels take 10 ml of the 10x stock and bring to a
final volume of 100 ml using ddH20. Wrap bottle in aluminum foil and store at room

temp
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Appendix V: PCR Program for 16S rRNA Primers

Cycle (35X) Temperature Time
Initial activation 96°C 10mins
Denaturation 95°C 45seconds
Annealing 53°C 45seconds
Extension 72°C 1mins
Store 4°C -
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Appendix VI: Chemical Used, Including Safety Data Information According to the

Globally Harmonised System of Classification and Labelling of Chemicals (GHS)

Chemical

Produ

cer

Substa

nce

acrony

m

Formul

a

CAS-

no.

Am

oun

Pictogra

ms

Hand P
Statemen
ts

Sodium

hydroxide

Merck

Soda

caustic

NaOH

1310-
73-2

Danger

H290
H314
P280
P301 +
P330 +
P331
P305 +
P351 +
P338
P308 +
P310

Sodium
chloride

Merck

NaCl

NaCl

7647-
14-5

Hydrochl

oric acid

Merck

Hydroge
n
chloride

solution

HCI

7647-
01-0

Danger

H290
H314
H335
P280

$HP30L+

P330 +
| P331
P305 +
P351 +
P338
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] Am . Hand P
Chemical | Produ | Substa | acrony | Formul | CAS- Pictogra
oun Statemen
cer nce m a no. ms
t ts
P308 +
P310
H350
H351
Cl1H12
Chloramp Chlorom 56- |0.25 éy%ld
_ Roth ) CI2N20
henicol ycetin 75-7 | g P201
5 Danger
P202
P280
H302
H361d
P202
Strepto | C42H84
streptomy _ 3810- &5’280
] Roth mycin N14036 0.5g
cin 74-0 P301 +
sulfate | S3 Danger
P312
P308 +
P313
Tris
base
_ /Acetic
Bio-
Acid/E H319
TAE Rad 6381- _
DTA TAE - - Warning | P280
buffer labora 92-6
) buffer P264
tories |
in
distille
d water
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) Am ] Hand P
Chemical | Produ | Substa | acrony | Formul | CAS- Pictogra
oun Statemen
cer nce m a no. ms
t ts
2%
bromop
henol See See
blue, Annex 2A | Annex
] 2% for 2A for
2xgel |0 | bromophe | bromoph
X ge xylene romophe | bromophe
9 Rad Y Loading P P
loading cyanol, - NA |- nol blue, | nol blue,
labora dye
buffer ) 70 % xylene xylene
tories
glycero cyanol cyanol
lin and and
distille glycerol glycerol
d
water
H341
H302
o C21H20 H332 +
Ethidium 1239- é}i
) Roth EtBr BrN3 3 ug 330
bromide 45-8

Danger

P261-
p281-
P311

N.A: not available
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Appendix VII: Equipment’s Used

Name of device Model Name Manufacturer
Microscope MT5000 Biolmager
pH/Temp/TDs reader | ISOLAB ISOLAB
Spectrophotometer VERSA MAX Thermo Fisher Scientific
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Appendix VIII: Molecular Biological Kits

Kit Name

Use

Manufacturer

ISOLATE Il Genomic
DNA

Bacterial DNA extraction

Meridian Bioscience,
UK/USA/Germany/
Australia

PCR Purification Kit

For PCR purification

Norgen Biotek. Corp,
USA
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Appendix IX: Antibiotics Preparation

Antibiotic Initial Final conc. | Preparation
conc.

1 g ampicillin was dissolved in 10 ml
sterile distilled
water and mixed thoroughly to dissolve,

Ampicillin 100 mg/ml | 100 pg/ml | followed by
sterilization through 0.2 um membrane
filter and was
stored at 2-8°C.
0.25 g chloramphenicol was added in 10
ml 100 %

) absolute ethanol and properly mixed to

Chlorampheni _

ol 25 mg/ml | 25 pg/mi dissolve
followed by filtration through 0.2 pum
membrane filter
and was stored at 2-8°C.
0.5 g erythromycin was dissolved in 10
ml 100 %

_ absolute ethanol followed by mixing and

Erythromycin | 50 mg/ml | 50 pg/ml -
filtration
through 0.2 pm membrane filter and was
stored at 2-8°C.
0.5 g streptomycin was dissolved in 10 ml
70 %

Streptomycin | 50 mg/ml | 50 pg/ml ethanol followed by mixing and filtration
through 0.2
pm membrane filter and was stored at 2-
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8°C.
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Appendix X: List of Culture media, Suppliers, Uses, Composition, and Preparation

Name Company | Uses Composition (g/l) | Preparation
Sterility o
_ Peptic digest of
testing and ) _ ]
o o animal tissue 5.0; | 13 g were suspended in 1
) Himedia, | cultivation ) o
Nutrient ] beef extract 1.5; litre distilled water and
Mumbai, | of non ] ] ]
broth _ o sodium chloride autoclaved for 15 min at
India fastidious
) 5.0g and yeast 121°C.
microorgan
) extract 1.5
isms
Isolation 39 g were suspended in 1
and litre distilled water (pH
enumeratio o 5.6), heated to boil, and
Potatoes infusion )
) ) n of followed by autoclaving
Potato Himedia, from 200.0; )
) yeasts and for 15 min at 121°C. After
dextrose Mumbai, dextrose 20.0; ) )
_ moulds cooling to 45°C, sterile 10
agar India ) agar o
from dairy % Tartaric acid (14 ml/l)
agar 15.0. ) )
and was added before dispensing
other food on plates
stuffs
Suspend 37.0 grams in 1000
general o
ml purified/distilled water.
purpose Peptone 10.0g/L N _
Heat to boiling to dissolve
S culture Meat extract )
) Himedia, ) the medium completely.
Nutrient ) medium 10.0/L - )
Mumbai, ) ) ) Sterilize by autoclaving at
Agar ) which may | Sodium chloride
India 10lbs pressure(115°C) for
beusedas |5.0/L ) i
i 30 minutes or alternatively
enriched Agar 12.0/L
) at 15 Ibs pressure (121°C)
mediu

for 15 minutes or as per

144




Name Company | Uses Composition (g/l) | Preparation
validated cycle
) ) Suspend 25 grams in 1000
Casein enzymic o ]
ml distilled water. Heat if
hydrolysate )
o necessary to dissolve the
Himedia, | used for 10.0/L _
) _ medium completely.
LB Mumbai, routine Yeast extract N ]
) o Sterilize by autoclaving
India cultivation | 5.0/L
) ) at 15 Ibs pressure (121°C)
Sodium chloride ) _
for 15 minutes. Dispense as
10.0/L _
desired
Recommen
ded for Suspend 51.5 grams of in
o SM powder o
cultivation 1000 ml distilled water. Heat
28.0g/L - )
and to boiling to dissolve the
o | Tryptone 5.0g/L _
) Himedia, | enumeratio medium completely.
Skim ) Yeast extract o ]
) Mumbai, | nof Sterilize by autoclaving
Milk Agra _ ) 2.50/L
India microorgan at 15 Ibs pressure (121°C)
) Dextrose )
isms for 15 minutes. Cool to 45-
(Glucose) 1.0g/L )
encountere 50°C. Mix well and pour
o Agar 15.0g/L . ) _
d in dairy into sterile Petri plates
industry.
Pikovskaya | Yeast extract Suspend 16.3 grams in 1000
Broth is 0.5g/L ml distilled water. Heat if
_ Himedia, | recommen | Dextrose 10.0g/L | necessary to dissolve the
Pikovskay ) ] )
) Mumbai, ded for Calcium medium completely and
a medium ) o N )
India cultivation | phosphate 5.0g/L | sterilize by autoclaving
of Ammonium at 15 Ibs pressure (121°C)
phosphate | sulphate 0.5g/L for 15 minutes. Dispense as
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Name Company | Uses Composition (g/l) | Preparation
solubilizin | Potassium desired.
g chloride 0.2g/L
microorgan | Magnesium
isms. sulphate 0.1g/L

Manganese
sulphate
0.0001g/L
Ferrous sulphate
0.0001g/L
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Appendix XI: Green- House Assay
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Appendix XII: Publications

No. Tittle Publisher

1. Isolation and Characterization of Bacillus velezensis | MDPI-Bacteria
from LakeBogoria as a Potential Biocontrol of
Fusarium solani inPhaseolus vulgaris L.

2. Taxonomical, functional, and cytopathological Journal of Basic
characterization of Bacillus spp. from Lake Magadi, | Microbiology-Wiley
Kenya, against Rhizoctonia solani Kiihn in Phaseolus
vulgaris L

3 Pathogenicity Test, Antifungal Mechanisms, and International Journal of

Secondary Metabolites of Bacillus spp from L.
Bogoria as Biocontrol of Rhizoctonia solani in

Phaseolus vulgaris L.

Microbiology-Hindawi
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