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GENERAL ABSTRACT 

Bambara groundnut is an underutilized crop of good microbial resources in green manure. 

The knowledge of the true microbial diversity in rhizopheric bacteria of Bambara groundnut 

is fundamental to effective exploitation of these bacteria. This study employed 

morphological, biochemical as well as molecular approach in the isolation, identification and 

characterization of these bacteria. Morphological and biochemical analysis revealed only 8 

out of 30 rhizopheric bacteria isolated from the Bambara root nodules as potential nitrogen 

fixing bacteria. These were further analyzed using the 16S rDNA and PCR-RFLP. The 16S 

rDNA sequences utilized in phylogenetic tree showed that 4 of the strains NWU A3 

(Enterococcus durans) , NWU A8 (Bacillus pumilus) NWU A 7 (Acinetobacter johnsonii) and 

NWU A 10 (Acinetobacter johnsonii) possessed 99% similarity index with the reference 

strains while 4 strains did not cluster with any of the reference strain due to their distinct 

nucleotide signature from the existing one. These strains are: NWU A2 (Fictibacillus 

nanhaiensis), NWU AS (Bacillus pumilus), NWU A6 (Fictibacillus arsenicus), and NWU A9 

(Acinetobacter johnsonii). The PCR-RFLP expressed fingerprints of the strains generated by 

the ribosomal genes in three distinguished patterns of different combinations, representing 

three distinct l 6S rRNA genotypes among all the strains. Gene responsible for nodulation and 

nitrogen fixation in these strains are borne on their plasmid, which is an indication of 

probable horizontal gene transfer. In a nutshell, the rhizopheric bacteria found in the root 

nodules of Bambara groundnut can be used as biofertilizer in the future as main microbial 

resource, considering its rich bacterial diversity. This biological nitrogen fixation technology 

could be a right substitute to commercially available N fertilizer which are less 

environmentally friendly . In future research, three diverse group of rhizobia expressed from 

the PCR-RFLP point of view can further be analyzed and characterized through high 

throughput molecular technique to choose the ideal strain of rhizobia for Bambara. 

6 ! NWU· · 1 
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CHAPTER ONE 

GENERAL INTRODUCTION 

1.1 Background and Rationale 

Polymorphism refers to different phenotypes that exist in the same population of a 

species. The term is used by molecular biologists to describe certain point mutations in the 

genotype polymorphism which is common in nature. It is related to biodiversity, genetic 

variation and adaptation. It usually functions to retain variety of form in a population living in 

a varied environment (Adeparusi, 2001). 

In polymorphism that is genetically related, the genetic make-up determines the 

morphs. The extent of polymorphism is such that, except for identical twins, no two humans 

share the same genetic composition. According to Conrad et al. (2010) , any two individual 

genomes taken from nature, in any species, will have dozens to hundreds of differences in 

their total number of functional genes . As Copy-Number Variants (CNVs) are due to both 

duplications and deletions, these differences will be due to newly arising duplications in some 

genes and deletions in others (Conrad et al., 2010). These Copy-Number Differences (CNDs) 

are not confined to large, multi-gene families or some other subset of genes thought to be 

unimportant for fitness-single-copy genes which can be duplicated or deleted in any 

individual, through adaptive phenotypic differences. Evidence for CNVs focuses on the 

methods used to detect them and the molecular mechanisms responsible for generating this 

type of variation (Schrider and Hahn, 20 I 0). 

According to Schrider and Hahn (2010) , although there are multiple technical and 

computational challenges inherent to the experimental method used to detect CNVs, next

generation sequencing technologies are making such experiments accessible in any system 

with a sequenced genome. There is a connection between CNVs within species and copy-



number divergence between species. This shows that these values are exactly what one would 

expect from similar comparisons of nucleotide polymorphism and divergence. From the 

growing body of evidences for natural selection on CNVs, there is also a strong link between 

CNDs at specific genes and phenotypic differences in adaptive traits. Not much work has 

been done on the genetic polymorphisms of root nodules, and rhizobia strains of Bambara 

groundnut. lu:RAi:vJ 
Bambara groundnut (Vigna subterranean) is a food legume that is under- researched 

and under-utilized in Africa. Various studies evaluated nitrogen fixation in other legumes (i.e 

groundnut, soybean, and cowpea) in Africa (Pule-Meulenberg and Dakora, 2009, Belane and 

Dakora, 2011). However, there are very few studies on nitrogen fixation in Bambara 

groundnut (Kishinevsky et al., 1996, Nyemba and Dakora, 2010, Mohale et al., 2014). 

According to Pedulosi et al. (2002), the potential of neglected and under-utilized crops such 

as Bambara groundnut could be exploited to enhance food security on the continent. 

Dakora and Muofhe (1997) have indicated the potential for increasing yields in 

Bambara groundnut through enhancement of symbiotic nitrogen fixation. Rhizobium 

inoculants significantly improves yield in many leguminous crops and can minimize the use 

of synthetic nitrogen fertilizer, which is rather expensive and deteriorates soil properties. 

Inoculation with rhizobia strains may enhance the nodulation and nitrogen fixation ability of 

plants under stress conditions (Alori et al., 2017). 

Ngakou et al. (2009) reported that inoculating Bambara groundnut, rhizobium and 

mycorrhiza significantly improved nodule number and nodulation efficiency by 64% and 

80% respectively, the seed weight by 52%, the plant biomass by 30%, as compared to un

inoculated treatment. 
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Nevertheless, the fertility problem has not been solved by other molecular biologists 

through the use of efficient rhizobia inoculant, and the characteristics of indigenous soil 

rhizobial strains in different regions are not known. These reflect the need for screening 

rhizobial isolates and also determining the prevalent root nodules bacteria in the African 

Bambara groundnut. This will also enhance isolation, molecular characterization and 

evaluation of prevalent bacterial strains which are efficient and adaptable to different soil 

using polymerase chain-reaction-restriction fragment length polymorphism (PCR-RFLP) 

analysis, and sequencing of the 16S - 23S rRNA IGS gene. Therefore, root nodule bacteria 

should be more exploited to increase fertilization for Bambara groundnut. 

1.2 Statement of the Problem 

Nitrogen as a soil nutrient is very important for the growth of plant without which 

there will be lack of protein formation and yellowing of leaves as deficiency symptoms. 

Many soils in Africa suffer deficiencies of nitrogen as a soil nutrient due to environmental 

factors such as erosion and leaching, etc. Few plants including legumes like African Bambara 

groundnut have the natural capacity to fix atmospheric nitrogen because of the presence of 

nitrogen fixing bacteria in their root nodules. Therefore, this research will be used as further 

premises on how to improve the symbiotic efficiency between the root nodule bacteria and 

the legumes. 

1.3 Research Aim and Objectives 

1.3.1 Aim of the study 

The aim of the study is to determine the genetic diversity of bacteria that are prevalent 

in the root nodules of Bambara groundnut for biofertilizing purpose. 

1.3.2 Objectives of the study 

The objectives of this study were to: 
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► Isolate root nodules bacteria from African Bambara groundnut. 

► Determine the prevalent root nodule bacteria from African Bambara groundnut. 

► Examine the molecular characterization of the prevalent root nodule bacteria from the 

African Bambara groundnut. 

1.4 Significance of the Study 

From this research, the determined prevalent root nodule bacteria from African 

Bambara groundnut will be used as premises for further studies on how to improve the 

symbiotic efficiency between the root nodule bacteria and the legume. 

13 



CHAPTER TWO 

BAMBARA GROUNDNUT-RHIZOBIUM INTERACTION: IMPACT ON CROP 

YIELD 

Abstract 

Sustainable crop yield is a precedence to prevent food insecurity in a nation, however, 

low soil fertility in most African soils is a key factor that does not support sustainability by 

any means. Many farming practices have been utilized to improve the problem, but many 

limitations have been recorded, thereby bringing on continual low yield of indigenous basic 

food crops of most African nations. A veritable alternative that called the attention of the 

researchers and agriculturists has been the potency of the symbiotic relationships between 

legume and "Rhizobia'' in Nitrogen fixation. The integration of Nitrogen-fixing legumes and 

new important esteem crops within smallholder cultivating frameworks is plausible for soil 

fertility improvement. Grain legumes, for example, Bambara groundnut (i .e. African 

Bambara groundnut) form Nitrogen-fixing symbiotic relationship with root nodule bacteria 

jointly called "Rhizobia" in a method that can release sufficient N for the legume and 

different crops under intercrop or in rotation . In this way, it ought to be seen as a crop that is 

important to food security by creating earnest awakenings on its uses and nutritious 

advantages. As a matter of urgency, it should not be seen as a cash crop only, but rather as an 

ultimate option for improving the nitrogen fertility of the soil. 

Keywords: Bambara groundnut, fertilizer, food security, nitrogen-fixation , rhizobium, 

symbiosis 

2.1 Introduction 

In the greater part of the Sub-Sahara African (SSA) nations; expanded populace 

development prompts hunger, the fundamental root of food insecurity . This food insecurity 

results from low crop productivity, as a result of depleted soil fertility (Ajiboye, 2015). This 
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restriction influence the dissimilarity between the accessible amount of crops produced and 

the populace demands on one part, and the environment on the another (Aj iboye, 2015). 

With an end goal towards improving the production of crop, a large number of 

tropical nations utilizes inorganic manures, which have been theoretically found as potential 

pollutants to the life of man and environment (Margni et al., 2002). This is notwithstanding 

their extreme cost, as the consequence of absence of particular existing organic manure 

producers. The deficiency of nourishment abundant in proteins on the planet and for the most 

part in developing nations has constrained researchers to search for another wellspring of 

proteins to balance their food (Ahmed and Abdallah, 20 I 0). Thus, the food insecurity, the 

environmental pollution and the soil fert ility problems would be justified if the advancement 

of genetic and sustainable food production is to be proficient by means of procedures such as 

improved fallow, intercropping, agroforestry or biofertilizers. In addition to these approaches, 

biofertilizers have been depicted to increase harvest of many crops in Cameroon (Ngakou et 

al., 2011). Dissimilar to the rest of other leguminous crops, very little is known about 

Rhizobium-mycorrhiza-Vigna subterranean interactions. Hence this study highlights the 

following subtopics: 

► Biological role of nitrogen-fixing legumes to enhance crop yield in SSA; 

► Challenges of food insecurity owing to nitrogen deficiency, factors threatening the use 

of biological nitrogen fixation by legumes within smallholder farming systems; 

► Possibilities of Rhizobium-mycorrhiza-Vigna subterranean interactions for 

sustainable agricultural systems; and 

► Propose probable arrangements where deepened investigation is necessary by 

incorporating legumes efficiently into both crop and animal production frameworks. 
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2.2 Food insecurity as a result of Nitrogen deficiency 

Food insecurity is a condition of being without steady supply of satisfactory quantity 

of affordable nutritious food . Food security is a state associated with the supply of food, and 

people's access to get it. Concerns over food security exist all through history. At the 1974 

World Food Conference, Food Security was defined with an accentuation on supply. Food 

security, is the availability at all seasons of sufficient world food supplies of basic yields to 

sustain a secure increase of food intake and to balance variations in production and prices 

(FAO., 2003). Food insecurity, on the other hand, is a state of "constrained or questionable 

availability of sufficient nutrition and safe foods or inadequate or uncertain ability to acquire 

acceptable foods in socially satisfactory manners", as defined by the United States 

Department of Agriculture (USDA) (Hannum et al., 2014 ). SSA is the main lasting part of the 

world where per capita food productivity has proceeded with dormant in the course of 40 

years. In Africa, around 180 million up to 100% since 1970 do not have access to enough 

food to live healthy and productive lives, making them more vulnerable to the attacks of 

malaria, HIV-AIDS, and tuberculosis. Absolute poverty described by earnings of at least U.S. 

$1 per individual every day is consolidated with an inexorably damaged natural resource 

base. Efforts concerted on child survival, managing HIV-AIDS, enhancing authority, 

expanding external investment, solving trade hurdles, and giving debt assistance are all 

mandatory, however they are inadequate in light of the fact that they do not properly attend to 

farming, the financial part that consist of 70% of entire Africans. Food insecurity in Africa is 

specifically identified with scarce complete production of food , in comparison with South 

Asia and several areas where food insecurity is for the most part because of poor supply and 

scarcity of purchasing power. l NWU 
LIBRARY I 

Agriculture in Africa has fared terribly, in disparity with Asia and Latin America 

which are areas that profited from the Green Revolution. Several states and advanced 
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countries in Africa are presently deliberating reestablishing the need to improve agriculture, 

(Sanchez et al., 2009). Consumption of soi l fertility, together with the associated problems of 

weeds, pests, and diseases, is a noteworthy biophysical cause of low per capita food 

production in Africa. This is the result of the breakdown of traditional practices and the low 

need given by governments to the rural part (Syampungani et al., 2010). Over decades, small 

scale farmers have exploited extensive amounts of nutrients from their soils without using 

proper amounts of manure or fertilizer to replenish the soil. This has prompted a high normal 

yearly depletion rate of 22 kg of Nitrogen (N), 2.5 kg of Phosphorus (P), and 15 kg of 

Potassium (K) per hectare of cu ltivated land in the course of the most recent 30 years in 37 

African nations-a yearly loss equivalent to U.S. $4 billion in fertilizer (Syampungani et al. , 

2010). 

The yield of basic stap le food that are grown in Southern Africa kept on declining 

hence threatening household food security (Rosenstock et al. , 2014). Poor and inefficient 

soils continue to be the absolute main vital limitation to the production of food across 

southern Africa especially South Africa. The arable land has been encompassed by the 

innately poor soils, whereas some crop diversities and the methods used (e.g. constant maize 

mono-cropping), have a tendency to be absolutely extractive, consequently debi litating the 

efficiency of these soils. Expanded farming efficiency and production of food within southern 

Africa can simply be accomplished by improving the resource base of the soil. 

2.3 The role of legumes in sustainable crop yield improvement 

Grain legumes, fodder-pasture legumes, N fixing shrubs and tree legumes assume a 

significant role in crop yield advancement. They grow in diverse natural zones in the 

mainland, including poor soils and nodulate with a wide assorted qualities of rhizobia and 

bradyrhizobia, Vigna unguiculata (cowpea), Vigna subterranea (Bambara groundnut), 

Macrotyloma geocarpum (Kersting's bean), which are the major indigenous legumes 
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developed all through SSA. Be that as it may, familiarize species, for example soybean, 

groundnut, pigeon pea and common bean contain critical parts of the traditional cropping 

systems. 

The part that legumes can play in farming systems has been secured by a large 

number of up-to-date reviews (Cinar and Hatipoglu, 2014, Omokanye, 2001 , Kadiata et al. , 

2012). The essential part that legumes play is to fix atmospheric N through their symbiotic 

relationship with Rhizobium spp., more often than those related with the host's root system 

(Table 2.1). This contributes nitrogenous compounds to the soil, either directly by nodule 

erosion, or indirectly by decomposition of root nodules and tissues. Nitrogen is being passed 

to the soil from the top growth through litter fall, leaching by rain from over the ground parts 

and by deposition of excretory materials from herbivores both above and below the ground. 

This principal role of fixing atmospheric N leads to two major roles of legumes: capacity to 

build soil fertility and high levels of protein in the herbage; and thus its high forage or 

mulching quality. 

18 



Table 2.1: Different Rhizobium spp isolated from Nitrogen Fixing Legume 

Legumes 

Vigna 

subterranean 

Phaseolus 

vulgaris 

Vigna 

unguiculata 

Macrotyloma 

geocarpum 

Arachis hypogea 

Glycine max 

Leucaena 

leucocephala 

Associated Rhizobium 

Rhizobium spp, Bradyrhizobium spp 

Burkholderia spp, Azorhizobium spp 

Sinorhizobium spp, Mesorhizobium spp 

Rhizobium etli, Rhizobium phaseoli 

Rhizobium leguminosarum 

Sources 

Benson et al. (2015a), Pillai 

(2012) 

Faghire et al. (20 I I) 

Makoi et al. (2013) 

Rhizobium 

giardinii 

gallicum, Rhizobium Pule-Meulenberg and Dakora 

(2009) 

Rhizobium 

meliloti 

tropici, Sinorhizobium Bargaz et al. (2013) 

Bradyrhizobium spp, Rhizobium spp 

Allorhizobium spp, Sinorhizobium spp 

Azorhizobium spp 

Rhizobium meliloti, Rhizobium trifoli 

Rhizobium vaciae 

Rhizobium spp, Agrobacterium spp 

Burkholderia spp, Acromobacter spp 

Enterobacter spp, Bradyrhizobium spp 

Bradyrhizobium japonicum 

Belane and Dakora (2009) 

Benson et al. (2015a) 

Pillai (20 I 2) 

Pule-Meulenberg and Dakora 

(2015) 

Pule-Meulenberg and Dakora 

(2015) 

Kumar et al. (2014) 

Argaw (2014) 

Rhizobium 

morelense 

spp, Sinorhizobium Bakhoun et al. (2014) 
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Cajanus cajan 

Macroptilium 

atropurpureum 

Acacia spp 

Bradyrhizobium spp, Rhizobium spp 

Sinorhizobium spp, Mesorhizobium spp 

Burkholderia spp, Bradyrhizobium spp 

Rhizobium spp 

Bradyrhizobium spp, Rhizobium spp 

Bradyrhizobium spp 

20 

Be lane and Dakora (2011) 

Lindstrom et al. (2010) 

Lindstrom et al. (2010) 

Soumare et al. (2013) 



Biologically, legumes are to a great extent types of successional habitats and in this 

manner, keeping up stable legume-based affiliations, management is an essential 

contribution. The adequacy of legumes in biological N fixation is an exceptional factor, 

reliant on environmental, nutritional, biological and genetic factors. Therefore, their impact 

on soil fertility likewise is to be variable and noticeable under management control. 

The effect that legumes can have on herbage quality is significant and there is full 

confirmation of generous gains in food crop production being promising. Furthermore, they 

also have high mulching importance for crop production. Farming systems in the major part 

of SSA are incredibly distinctive to those in Australia or quite a bit of tropical America. In 

the vast majority of Africa, small-scale, mixed crop-livestock farming systems are the 

custom, with the two segments being altogether incorporated. In a diversity of such systems, 

there are legumes that can be coordinated into both the crop and the livestock segment. In 

systems with insignificant fertilizer inputs, legumes can contribute to the crop period by 

decreasing the rate of soil fertility deterioration, or notwithstanding enhancing crop yield, and 

also diminishing the length of the fertility regenerating fallow period. In the pastoral stage, 

legumes contribute to better quality and utilization of crop residues and of natural forages on 

fallow lands. A diversity of farming systems are reflected for the humid, sub-humid and 

semi-arid agro-ecological zones. 

Many factors form parts of the legume intervention. The most crucial is the 

management of nutrients, as they control a definitive level of profitability. This not just relies 

upon the genuine level of the nutrients, but also on their rate of circulation. In this regard, 

farming systems could be understood in a more organismic or biological system structure 

than is without further ado the case. It is dicey to be by chance that most legumes have built 

up their capacity to fix N. If the biological reason for the natural dispersion of legumes in the 
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world's floras is analyzed, one may from time to time discover them at all normal or to a great 

degree productive in climax vegetation. However, they are regularly basic and solid in 

successional circumstances, especially where soil fertility or the availability of plant nutrients 

is low. Thus, legumes are frequentl y firmly connected with aggravated locales (e.g. 

roadsides). 

As an aftereffect of this disturbance, when nutrients other than N are probably to be 

more available than expected, legumes compete adequately against those species that cannot 

fix N. This is apparently why most legumes retain a capacity to respond to such important 

secondary nutrients as P, since this is basically imperative for successful advantageous 

interaction. 

2.4 Use of Nitrogen-Fixing Legumes (NFL) 

The latest two decades have seen notable improvement rn farm-level versatile 

approach of research, which went for creating developed agricultural technologies that are 

pe1tinent to agriculturists' conditions, objectives and goals. Developed in light of worries over 

poor implementation of soil fertility advancement among smallholder groups in the locale, 

the Soil Fertility Cons01tium for Southern Africa (SOFECSA) has pushed for broadening of 

the mostly maize based farming practices to bring farmers out of the 'maize scarcity trap' 

(Nezomba et al. , 2010). 

Among the recognized possibilities for enhancement, are the combination of 

Nitrogen-fixing legumes (NFL) and other high value crops within smallholder farming 

systems. For example, the possibility of grain legumes to serve as a food supply and also a 

means of soil fertility improvement has been endorsed by a few scientists (Kamanga et al. , 

2014). Legume green manures have been as well applied on commercial farms in Zimbabwe 

as source of nitrogen for crops such as maize and potatoes far back as the 1950s (Nezomba et 

al. , 2010). 
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A soil fertility renewal approach has been produced by researchers from the 

International Center for Research in Agroforestry and national and international partners 

occupied with farmers for a period of 10 years, exploiting natural resources accessible in 

Africa. Participatory research trials were performed using farmer fields, where scientists and 

agriculturists experienced practices together. These actions were monitored by farmer

designed trials in which agriculturists tried as well as adjusted ·new methods as they wished. 

The outcomes comprise of three segments that can be applied independently or in 

combination: (i) Nitrogen- fixing leguminous tree fallows, (ii) indigenous rock phosphates in 

phosphorus inadequate soils, and (iii) biomass exchange of leaves of nutrient-accumulating 

plants (Pypers et al., 20 I 1 ). 

Leguminous trees of the genera Sesbania, Tephrosia, Crotalaria, Gliricidia and 

Cajanus were grown between a little maize plants and permitted to develop as fallows during 

dry seasons, accumulating up to 100 to 200 kg N ha- ' over the period from 6 months to 2 

years in sub-humid tropical regions of East and Southern Africa. The amounts of N released 

were parallel to those used as composts by commercial farmers for the development of maize 

in advanced nations . Following harvest of the wood from the tree fallows, leaves rich in 

nitrogen, pods, and green branches were hoed into the soil prior to planting of maize toward 

the beginning of a consequent rainy season. This over-the-ground litter, breaks down with the 

roots, and distributes nitrogen with other different nutrients into the soil. Harvests from 

maize, the basic nutrition in this area, increased two- to fourfold as nitrogen insufficiency is 

permeated. Agriculturists are currently setting up turns of 1 year of trees taken after by one 

product of maize in bimodal rainfall areas of East Africa, and 2 years of trees taken after by 

two to three maize crops in unimodal rainfall areas of Southern Africa. These fallows are 

economically and naturally stable and fit well with farmer traditions and work records, which 
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does not shock anyone in light of the fact that the innovation was developed with the farmers 

(Pypers et al. , 2011 ). 

Phosphorus deficiency is a problem in East Africa and the Sahel. In Western Kenya, 

80% of the land owned by small-scale farmers that is cultivated for maize is to a great extent 

short in phosphorus. The use of indigenous rock phosphate deposits gives a contrasting 

option to imported superphosphates. The moderate acidity (pH 5 to 6) of most of the soils in 

the Africa disintegrates high-grade rock phosphates at a proportion that will be able · to 

provide phosphorus to crops for quite a number of years. Under such conditions, their 

immediate usage is twice or thrice as maize yields, 90% of superphosphates are proficient for 

a period of 5 years (Pypers et al. , 2011 ). Allocation of nutrient collecting from leaf biomass 

shrub Tithonia diversifolia from roadsides and loopholes into harvested fields enhances 

nutrients and consistently doubles the harvests of the maize at the same amounts applied by 

farmers , with no addition of any manures. 

2.5 Challenges of using NFL 
J_ NWU I 
lLJ.BRARY_ 

The integration of NFL and other high value crops in smallholder farming practices is 

the potential for soil fertility improvement (Pypers et al. , 2011). Legume green fertilizers 

innovation had been applied on commercial farms within Zimbabwe to supply N for crops 

such as maize and potatoes far back as 1950s, but it is yet to locate its route to the 

smallholder farming segment (Manzeke, 2013). There is proof to recommend that legume 

innovations for soil fertility replenishment have been productively investigated on farms in a 

various nations in Sub-Saharan Africa, yet the level of their assumption has not 

fundamentally impacted the rural livelihoods (Abate et al., 2012). 

It is regular that land assigned to these plants on smallholder farms is frequently too 

little to have the favored effect. In many circumstances, agriculturists decide to intercrop the 

legumes with maize, as the goal is frequently to accomplish some yield of legume without 
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giving up the much needed yield from staple maize, paying little attention to the way that N 

developed by some grain legume varieties is considerable, up to 100 kg N ha- 1
• This is 

consistently evident on moderate to the more resource-constrained households who are more 

prone to hazards (Nezomba et al., 20 I 0). The conventional approach to minimize nutrient 

reduction is by applying inorganic manures. Be that as it may be, the price of fertilizers in 

Africa is six times as much as those in Europe, North America, or Asia. Spot checks 

demonstrate that a metric ton of urea expenses is up to U.S. $90 FOB (free on board) in 

Europe, $120 supplied in the ports of Mombasa, Kenya, or Beira, Mozambique, $400 in 

Western Kenya (700 km far away from Mombasa), $500 over the outskirt in Eastern Uganda, 

and $770 in Malawi (Pypers et al., 2011 ). Moreover, other factors still contribute positively 

or negatively to the use of NFL (Figure 2.1). 
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Figure 2.1: The major factors affecting Nitrogen Fixation in Legumes 
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2.6 Soil fertility renewal approach has several restrictions 

Enhanced bush fallows, in spite of the fact they function well, are not desirable to 

farmers at the boundaries of moist tropical plantations, especially at the Congo Basin since 

they have better land-use options attributable to population pressure (Norgrove and Hauser, 

2016). Enriched fallows have yet to demonstrate their importance in the semi-arid tropics of 

Africa in light of the fact that any sustained dry season restrains their development and 

nitrogen fixation potential. Fallows additionally do not function well in shallow soils, poorly 

depleted ones, or frost-prone areas. The accessibility of high reactivity rock phosphate is 

limited by scarce market improvement, however demand is increasing. A significant number 

of the rock phosphate deposits in Africa are of low reactivity and have restricted potential for 

proper application . A nutrient collecting correspondent of T. diversifolia has not yet been 

discovered for the semi-arid tropics. Notwithstanding the above hindrances, this approach can 

be applied in the part of the prevalent "red" soils of the sub-humid tropics, where most of the 

people in rural Africa live (Pypers et al., 2011 ). 

2.7 Bambara Nut-Solution to farmers 

Legumes have generally been part of inexpensive meals all throughout the world as 

they have a major role in the battle against malnutrition. It is in this manner that their levels 

of consumption, which are as of now too low in various developing countries, be increased. 

Plant proteins give nearly 65% of the world supply of proteins for humans; 45 -50% cereals 

and 10-15% legumes. Legumes serve as a source of non-processed protein for rural and urban 

dwellers of the population, particularly in the poor countries of the world and as a good 

source of fiber, resistant starch, and different nutrients. They are one of the least glycemic 

sources of carbohydrates, on the grounds that the starch is either slowly absorbed or resistant 

(Musa et al., 2016). 
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Bambara groundnut has a place with the group of under-used grain legumes that 

retain high natural protein rate of 22 and 37% (Fasoyiro et al., 2004). Apart from groundnut 

(Arachis hypogaea) and cowpea (Vigna unguiculata), it is the third most essential crop 

(Ngakou et al., 2011). Therefore, there is a need to enhance the profitability of this food 

security crop known to develop on low fertility soils, where it can withstand dry season and 

low precipitation (Berchie et al., 2010). It is developed by small-holders over a very piece of 

semi-arid Africa and principally by farmers as a "famine culture" crop since it has a few 

natural agronomic characteristics including high value of nourishing nutrients, drought 

resistance and the ability to produce in soils considered inadequately rich for development of 

other more preferred species for example (common beans and groundnuts). 

The nuts are otherwise called jugo beans (South Africa), ntoyo ciBemba (Republic of 

Zambia), Gurjiya or Kwaruru (Hausa, Nigeria), Okpa (Ibo, Nigeria), Epa-Roro (Yoruba, 

Nigeria) and Nyimo beans (Zimbabwe). It was originated from the Sahelian region of present 

day West Africa, from the Bambara tribe close to Timbuktu who now live mainly in Central 

Mali (henceforth it is named Bambara groundnut) (Alhassanm et al., 2014). 

According to a report by Bamishaiye et al. (2011), Bambara groundnut is an 

herbaceous, transitional, annual plant, with crawling stems at ground level. This legume is a 

small plant that develops to a height of 0.30- 0.35 m with compound leaves of three leaflets. 

The plant by and large looks like grouped leaves emerging from branched stems which form 

a crown on the soil surface. After fertilization, light yellow flowers are borne on the freely 

stretching stems; these stems then develop downwards into the soil, bringing the developing 

seed with it. The seeds will form pods encasing seeds just underneath the ground in a 

comparative manner to peanut. Bambara groundnut pods are round, wrinkled, and over ½ 

inch long. Each pod will contain one or two seeds that are round, smooth, and very hard when 

dried. High carbohydrate (65%) and generally high protein (18%) content as well as 
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sufficient amounts of fat (6.5%) make the Bambara groundnut a complete food (Mazahib et 

al. (2013). According to research by Bunde and Osundahunsi (2010) and approved by 

Bamshaiye et al. (201 lb), Bambara groundnut seeds have been observed to be richer than 

peanuts (groundnuts) in essential amino acids ; for example, isoleucine, leucine, lysine, 

methionine, phenylalanine, threonine and valine. This is an important quality for the potential 

of Bambara groundnut to be used to complement foods lacking in these essential amino acids. 

The fatty acid content is predominantly linoleic, palmitic and linolenic acids (Minka and 

Bruneteau, 2000). 

It is seen as a snack or food supplement but not a lucrative cash crop (Ndidi et al., 

2014). Additionally, it is usually given less value and less priority in land allocation because 

it is grown by women. Between 10-40% of the harvest is sold, the rest is consumed by the 

rural farmers themselves . Bambara groundnut seeds vary in shape, size and colour of the seed 

coat. They may be round or curved in shape with cream, broom, red , mottled or black-eyed 

with seed weight ranging between 280 and 320 g (Falade and Nwajei, 2015). The crop has 

been extensively developed m tropical regions since the seventeenth century. 

Notwithstanding SSA, it is presently found in numerous parts of South America, Asia and 

Oceania. It can deliver high yield levels with low input and is an ideal crop for farmers. It 

was found that about 98% of farmers in Swaziland view Bambara groundnuts as a productive 

crop (Begemann et al., 2002). Bambara groundnut is a promising product which needs more 

attention, both as a crop and as a food. 

According to Greenhalgh (2000), the annual generation is nearly 330 000 tons of 

which Africa creates half, with Nigeria being the major producing nation. The yields are low 

since production and improvement of Bambara groundnut have been ignored for a long time 

by researchers, despite the fact that the crop is essential for the small scale farmers due to its 

( 
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impressive commercial potential. Though, it grows extensively in Nigeria (Bamishaiye et al., 

2011), it is still one of the lesser utilized and unexploited legume. The crop makes few 

demands on the soil, and is known to be drought resistant and relatively disease free. It has 

the ability of growing on nutrient poor soils where most crops would not flourish . The 

principle generation territory is semi-dried Africa with a discretionary improvement center in 

South East Asia in Indonesia, Thailand and Malaysia. The seeds are very nutritious and are 

used for human and animal consumption. It is drought tolerant and can produce in areas of 

high or low rainfall. It has been accounted for that this legume can produce yields where 

annual rainfall is below 500 mm and the optimum is between 900- 1000 mm per year 

(Bamshaiye et al. , 2011 b ). Yakubu et al. (2010) reported that in Nigerian soils, Bambara 

groundnut was found to fix 28.4 Kg N ha-' in phosphorus poor soils, however increased to 

~41kg ha-' upon application of P fertilizer. 

!L1t~~yj 
The report by Mubaiwa et al. (2016) revealed that beyond its two current development 

centers, there is a potential for cultivating Bambara groundnut in numerous places - countries 

with a Mediterranean atmosphere for example Lebanon and Israel and in addition European 

countries such as Italy, Portugal , Spain and Greece. The report also established that when 

factors such as the seasonal distribution of rainfall, day length and series of temperatures 

during the developing season are accounted for, the potential yields of Bambara groundnut 

within its current areas of cultivation can be essentially increased without high levels of 

agronomic inputs. 
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2.7.1 Factors affecting Nitrogen fixation 

The high temperatures normally found all through SSA can likewise reduce N fixation. In 

spite of the fact that legumes can tolerate rising temperatures (Brisson et al. , 2009), the 

impacts of high temperature in Sahelian Africa may adversely affect legume symbiotic 

activity. Interestingly, some species adjusted to this zone can achieve significant rates of 

fixation with high soil temperatures as exemplified by local Acacia species in Sudan and 

other Sahelian nations (Astera, 2010). These plants and their connected microsymbionts must 

have mechanisms for temperature tolerance in soil rhizobia and bradyrhizobia, this might 

relate to exopolysaccharide production. 

The amounts of N fixed by grain legumes in Africa can be quite substantial (Table 

2.2); however, values change impressively between species and locations due to differences 

in soil factors , legume genotypes bradyrhizobia strains and cropping pattern. The impact of 

soil fertility on N fixation of field legumes is proven by studies done in the African savanna. 

Providing a complete fertilizer (minus N) to 10 groundnut cultivars growing in a savanna soil 

in northern Ghana altogether altered symbiotic performance compared with unfertilized 

plants. Nodulation and plant growth increased by 612% and 453%, respectively in some 

groundnut lines with nutrient supplement, bringing about an increase of 60% in kernel yield 

and 65% in fixed-N. Relative studies using symbiosis-dependent field legumes in nutrient

amended plots also indicated a significantly large improvement in nodulation and Nitrogen

fixation of five Bambara groundnut and 10 cowpea cultivars at three savanna locations in 

West Africa. Data attained with cowpea and Common bean in East Africa are in line with 

those for West Africa (Pule-Meulenberg and Dakora, 2015). A recent study in South Africa 

also demonstrated that improving Boron nutrition in Bambara groundnut brings about 

sensational amounts of N fixed. These outcomes are good with prior reports that soils in 

Africa suffer from nutrient imbalances and mineral deficiencies, which harmfully affect host 
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plant growth, symbiotic establishment and nodule functioning in field legumes. Therefore, 

nutrient deficiencies or imbalances do reduce N fixation in legumes under farmers' 

conditions, and perhaps the achievement of their Nitrogen-fixing potential. More pertinently, 

the deficiency of positive response from time to time obtained from legume inoculation with 

Rhizobium or Bradyrhizobium in African soils could be accounted for by nutritional 

imbalances which weaken the ability of the legume-bacterial system to fully express its 

symbiotic potential (Makoi et al., 2013). 

The heterogeneity of soils in Africa also influences legume nodulation and Nitrogen

fixation through modifications in soil N status. High volumes of soil N are known to 

unfavorably influence N fixation in various symbiotic legumes (Bruno et al., 2015). Studies 

done in Zambia (Argaw, 2014), Kenya (Beres et al., 2010), Nigeria and Senegal (Mako! et 

al., 2009) have demonstrated that N fixation in cowpea, soybean, common bean and 

groundnut is decreased in the presence of collective N. In contrast, some indigenous African 

legumes such as Bambara groundnut and Kersting 's bean display nitrate tolerant (Baral et al., 

2016), and could be used as models for studying NO (Nitrogen oxide); inhibition of N 

fixation in nodulated legumes. 

Nitrogen-fixation in legumes is also affected by the cropping system used . Monitoring 

root nodule formation in cropping systems including maize and four grain legumes (Cowpea, 

Bambara groundnut, Kersting's bean and Groundnut) had shown changes in nodule 

population dynamics in reaction to the cropping pattern. Cowpea and groundnut showed 

decreased nodule population with intercropping. Interestingly, Bambara groundnut and 

Kersting's bean formed a greater number of nodules when intercropped than when sole 

cropped. The groundnut data were consistent with past reports (Sprent et al., 2010). However, 

the fact that Nitrogen-fixation in cowpea was unaffected by intercropping with maize in 

Nigeria might recommend cultivar differences in symbiotic reaction to cropping systems 

32 



(Sprent et al. , 2010). It is clear, however, that presented species like soybean show reduced 

Nitrogen-fixation under mixed cropping (Magulu and Kabambe, 2015). With some species, 

symbiotic activity in intercropped legume can be invigorated if the associated cereal in the 

mixture app lies deep competition for soi l N. In that case the legume is required to depend 

more on symbiosis for its N nutrition as observed for cowpea-millet intercrop in savanna 

Ghana where each partner in the mixture accrued more N than so le crop plants (Sprent et al., 

2010). 
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Table 2.2: Nitrogen fixation by NFL in selected African countries 

Legumes Location Ranges of Associated Rhizobium Sources 

N fixed 

Phaseolus Kenya 17-57 Rhizobium spp, Makoi et al. (2013) 

vulgaris Sinorhizobium spp 

Vigna Kenya, 15-31, 201, Bradyrhizob ium spp, Benson et al. (2015a), 

unguiculata Ghana, 87 Rhizobium spp, Bado et al. (2012), 

Nigeria Rhizobium spp Pillai (2012) 

Arachis Ghana, 103, 11-63, Rhizobium spp, Pule-Meulenberg and 

hypogea Nigeria 38-79 Agro bacterium spp, Dakora (2015) 

Burkholderia spp Belane and Dakora 

(2009), Kumar et al. 

(2014) 

Glycine max Nigeria, 65-115, 94 Bradyrhizobium spp Argaw (2014), 

Nigeria japonicum spp Belane and Dakora 

(2011) 

Cajanus cajan Kenya, 142, 86 Bradyrhizobium spp, Pypers et al. (2011), 

Nigeria Rhizobium spp, Kamanga et al. 

Sinorhizob ium spp, (2014), Bargaz et al. 

Mesorhizobium spp (2013) 

Acacia Senegal 36-108 Bradyrhizobium spp, Lindstrom et al. 

holosericea Rhizobium spp, (2010) 

Bradyrhizobium spp 

Sesbania Senegal 505-581 Bradyrhizobium spp, Soumare et al. (2013) 

rostrata Rhizobium spp, 

Bradyrhizobium spp 
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Sesbania Senegal 43-102 Bradyrhizobium spp, Soumare et al. (2013) 

sesban Rhizobium spp, 

Bradyrhiobium spp 

Albizia Nigeria 94 Bradyrhizobium spp, Chianu et al. (2012) 

lebbeck Rhizobium spp, 

Bradyrhizobium spp 

35 



2.8 Barabara groundnut relationship with Rhizobium 

Bacteria are characterized under a particular kingdom because of their exceptional 

cellular and morphological qualities that make them varied and distinct from all other 

kingdoms like fungi , animal and virus. Bacteria are microscopic, unicellular (single-celled) 

ancient organisms that are liable for various numbers of deadly infections. There are diverse 

sorts of bacteria that share great morphological attributes of the kingdom but are categorized 

distinctively in 5 major groups based on their habitat, laboratory characteristics, staining 

methods, requirement of definite nutrients for the generation of vitality and manifestation of 

certain cytoplasmic extensions like or cilia that are helpful in the motility of bacteria (Green 

et al., 2005). I NWU I 
LLJBRARY 

However, lately it has been discovered that bacteria are infamous for their destr~tive 

impacts, while the advantages they give are hardly known, and virtually 99% of these 

bacteria are supportive, where the remaining are notorious. In fact, some are needed for the 

proper growth of other living beings. They are either free-living or form a symbiotic 

relationship with animals or plants. Some useful bacteria form symbiotic relationships in the 

fixation of nitrogen. Such bacteria are cyanobacteria which carry out nitrogen fixation in 

aquatic habitats. Another cluster of bacteria called "Rhizobia" form a symbiotic association 

with the root nodules of leguminous plants, for example Rhizobium etli, Bradyrhizobium spp, 

Azorhizobium spp and numerous different species (Pi llai, 2012). The types of the nitrogen

fixing bacteria are useful for fixing atmospheric nitrogen, including ammonia, consequently 

making it accessible for plants to utilize. Plants do not possess the ability to utilize 

atmospheric N and are in need of nitrogen-fixing bacteria that are present in the soil. Grain 

legumes like Bambara groundnut (i.e. , African Bambara groundnut) can form nitrogen-fixing 

symbiotic association with root nodule bacteria co llectively called "Rhizobia" with a method 

that can supply adequate N for the legume and different crops under intercrop or in rotation. 
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Examples of such bacteria in the root nodules of African Bambara groundnut are Rhizobium, 

Bradyrhizobium, and Burkholderia species (Benson et al., 2015a). Interestingly, the potential 

for expanding yields in Bambara groundnut through enrichment of symbiotic nitrogen 

fixation has been detected (Rajwar et al. , 2013). As indicated by Yakubu et al. (2010), 

Bambara groundnut has a great potential to fix Nitrogen required that an efficient Rhizobium 

Strain will be employed and that the plants nutrient conditions apart from Nitrogen are 

afforded. 

Quite a number of factors limit nitrogen fixation by the legumes expressed in Table 

2.3 . The key limiting factor for the efficiency of leguminous plants and their symbiotic 

nitrogen-fixation in most parts of the world is pH (Bargaz et al., 2013, Faghire et al., 2011). 

Various studies estimated Nitrogen-fixation in different legumes (i .e. groundnut, soybean, 

and cowpea) in Africa (Pule-Meulenberg and Dakora, 2009, Belane and Dakora, 2009). 

However, there are very few on Nitrogen-fixation in Bambara groundnut (Nyemba and 

Dakora, 2010, Mohale et al., 2014) . According to Pedulosi et al. (2002), the potential of 

ignored and under-utilized crops such as Bambara groundnut could be used for overcoming 

food deficits in the continent. As a matter of fact, the potential for expanding yields in 

Bambara groundnut through enrichment of symbiotic Nitrogen-fixation has been discovered 

by several means which includes cropping systems, disease and pest control, crop choice, soil 

fertility management, and increased soil health . 
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Table 2.3: Factors that limit N fixation by legumes in Africa 

Factors 

Temperature 

Phosphorus 

Relative humidity 

Nutrient disorder 

Plant genotype 

Few bradyrhizobia 

Drought 

Country 

Sudan 

Kenya, Namibia 

Nigeria 

Africa-wide 

Ghana 

Togo 

References 

Astera (2010) 

Benson et al. (20 l Sa), Wang et al. 

(2010) 

Pillai (2012) 

Bambara and Ndakidemi (2010) 

Pule-Meulenberg 

(2015) 

and Dakora 

Be lane and Dakora (2011 ), Soumare 

et al. (2013) 

Malawi, Tanzania, Kenya De Ponti et al. (2012), Somasegaran 

and Hoben (2012) Ndakidemi and 

Dakora (2011) 
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Rhizobium inoculants altogether improve yield in numerous leguminous crops and 

can minimize the use of manufactured N fe1tilizer, which is somewhat expensive and 

depreciates soil properties. Inoculation with Rhizobia Strains may enrich the nodulation and 

Nitrogen-fixation ability of plants under stress conditions. An investigation by Ngakou et al. 

(2011) reported that inoculating Bambara groundnut, Rhizobium and mycorrhiza considerably 

improved nodule number and nodulation efficiency by 64 and 80%, the seed weight by 52%, 

the plant biomass by 30%, as compared to un-inoculated treatment. Neve1theless, the fertility 

problem can be partly solved through the use of efficient rhizobial inoculant. These reflect 

the need for screening rhizobial isolates and morphological characterization together with 

molecular evaluation of prevalent bacterial strains which are efficient and adaptable to 

different soils. Therefore, biological Nitrogen-fixation should be more exploited to increase 

N through the Bambara groundnut (Figure 2.2) . 
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Figure 2.2: Factors that enrich rhizobial symbiosis in improved crop production 
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2.9 Conclusion 

Bambara groundnut has both direct and indirect profitable use in agriculture because 

it is a legume, which has a symbiotic relationship with bacteria that form root nodules. The 

bacteria can make use of the free N from the air and take part in the plant root tissue. By so 

doing, they willingly increase the level of the soil N, and in turn increase the crops that may 

follow legumes in plant rotation . However, Bambara groundnut is still one of the less 

subjugated and unexploited legume in various parts of Africa. Although, Bambara groundnut 

is largely untapped, cheap and given little or no priority, there is a genuine need for 

mindfulness campaigns on its uses, nutritional benefits, and as a matter of importance it ought 

not to be seen as a cash crop only, but rather as a vital alternative for improving the N fertility 

of the soil. Bambara groundnut production, conservation, and utilization should be pursued 

since the level of development and use in Africa and beyond is low. Given the rate at which 

agricultural production is to growth in the world population, the production and use of this 

habitually abandoned crop should be improved. Again, Bambara groundnut should not only 

be seen and cultivated as subsistence-female crop; rather it should be seen as a crop that is 

relevant to food security. 

Lastly, there should be a concerted effort by the international community for support 

for any research on the cultivation, use and storage of Bambara groundnut which is presently 

low. Effort of the government to support research on improving Nitrogen-fixation abilities of 

Bambara groundnut in order to utilize it widely should be encouraged. 
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CHAPTER THREE 

GENETIC DIVERSITY OF ROOT NODULE BACTERIA ASSOCIATED WITH 

BAMBARA GROUNDNUT 

Abstract 

The annual growth of the world ' s population is increasing by l .4% and it is predicted 

to double in the next fifty years. This increase in the population demands for a concurrent rise 

in the food production to sustain the nutritional demand of the rising human population in a 

globally sustainable way. The quest for improved crop production regularly calls for greater 

demand for fixed nitrogen. Synthetic fertilizers can also release this nitrogen but they are too 

costly to produce as well as dangerous to the environment. The danger to the environment 

includes differences in the global nitrogen cycle, loss of nitrous oxides to the atmosphere, 

acid rain nitrate pollution of ground water and induced leaching of soil nutrients. A cheap and 

approachable substitute to nitrogen fertilizer is biological nitrogen fixation (BNF). This is a 

process whereby nitrogen gas in the atmosphere is transformed into organic uses and serves 

as source of nitrogen for plants. Many of the world's land built biological nitrogen fixation 

can be traced to symbiotic nitrogen fixation relationship between leguminous plants and 

rhizobia. The benefits of this type of BNF have given rise to various studies investigating the 

diversity and identity of the associated bacterial symbionts. A notable feature of these root 

nodule bacteria is the large genetic diversity they possess. The genetic relationships between 

the different bacteria collections are truly described and centred mostly on the study of the 

sequences of the ribosomal genes. The outcome reveals the reason to have broad genomic 

scope. Gene maps, genome sizes, and sequence of metabolic genes will aid in approving the 

present Rhizobium and Bradyrhizobium phylogenies. The genetic diversity of any isolates can 

be discovered with the aid of molecular techniques, for example, RFLP and rep-PCR 

fingerprinting. The application of PCR systems (RAPD, ribotyping, AFLP, PFGE and rep-
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PCR) and separate genes (PCR-RFLP, ARDRA) for specifically magnifying sequences of 

partial bacterial groups identified with various phylogenetic sources or unique physiological 

properties is currently across the board. These PCR methodologies can be established on 16S 

rRNA gene sequences or on preserved genes identified with physiological capacities and 

without a phylogenetic starting point. 

Keywords: Diversity, genes, PCR-RFLP, phylogenies, rhizobia, sequences 

3.1 Introduction 

Rhizobia which are symbiotic nitrogen fixing and gram negative bacteria possess the 

ability of penetrating into the root of leguminous plants (Somasegaran and Hoben, 2012). The 

rhizobia colonize the roots of the plant and bring about the information membrane structures 

called nodules. The nodules may develop on the stem, but usually grow on the roots of plant. 

As these nodules are so easily known and identified, rhizobia have been considered and 

categorized since the beginning of bacteriology (Musa et al., 2016). 

Rhizobia are facultative bacteria that live either as members of the natural soil 

microbial community or symbiotically in the root nodules of the host legume. Majority of 

these bacteria usually grow on the root surface where the rhizobium-legume symbiosis has 

been generally considered as prototype of symbiotic evolution and the critical factor of 

sustainable agriculture as biological fixation is known as the key source of nitrogen for 

natural and agronomic ecosystems (Somasegaran and Hoben, 2012). 

In agriculture, the symbiosis of nitrogen-fixing bacteria with legumes, commonly 

known as rhizobia and belongs to the family Leguminosae (Fabaceae) are the most studied. 

Quite much impact has been established in pulses, fodders, green manures and trees. 

Members of the genus Bradyrhizobium create an essential class of rhizobia, some of which 

also form symbioses with economically important crops, such as soybean, cowpea, Bambara 

groundnut, etc. Legumes such as Bambara groundnut (i.e. African Bambara groundnut) form 
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Nitrogen-fixing symbiotic relationship with root nodule bacteria commonly called 

"Rhizobia". 

Bambara groundnut is a native African crop which produces nearly balanced food. It 

1s a plant that tolerate drought, easy to grow and needs very little attention, if at all 

(Shashidhar and Savithramma, 2015). According to Cornish et al. (2001 ), it produces better 

in soils of 5.0-6.5 pH with 600-1200 mm annual rainfall. It is very adaptable to hot 

temperatures but also tolerates rainfall (Cornish et al., 200 I, Raj war et al., 2013). 

Bambara groundnut is a vital source of protein in the diets of a large percentage of the 

population in Africa, in particular the poorer people who cannot afford expensive animal 

protein. It is very easy to store and most conveniently transported non-processed sources of 

protein to both rural and urban dwellers. It is classified as the third most essential grain 

legume after groundnut (Arachis hypogaea L.) and cowpea (Vigna unguiculata). The regular 

harvest is 650-850 kg/ha and it ripens in 4-5 months (Shearer and Kohl, 2012). It is resilient 

to high temperature and is appropriate for marginal soils where other leguminous crops 

cannot be produced. It has a high source of nutrient value with 65% carbohydrate and I 8% 

protein content which is beneficial to the body. Because of these reasons, it is not disposed to 

the damage of complete breakdown of harvest even in low rainfall areas. Due to its high 

protein content, it is an essential and most beneficial crop for lesser occupants of Africa who 

may not have access to costly animal protein (Aminigo et al., 2009). In spite of its nutritional 

importance, it is still believed to be one of the most primitives, unkempt and underutilized 

species in Africa (Dansi et al., 2012). 

3.2 Root nodule bacteria from Bambara groundnut l N\t\JU I 
LJBRARY_ 

In the families of plants, legume is one of the biggest members and they are widely 

distributed around the globe. These basic legumes classes have definite sites of origin and 
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they agree with the variation midpoints for their particular symbiotic bacteria. These 

nitrogen-fixing bacteria are from different strains (Rhizobium, Bradyrhizobium, and 

Azorhizobium) which connect with other non-symbiotic bacteria, as they form nodules in the 

roots or stems of the plants (Pule-Meulenberg and Dakora, 2015). 

Historically, phenotypic traits such as cell-surface antigens, biotypes, or chemotypes 

were used to identify and classify pathogenic bacteria based on their differences and 

associations. With few exceptions, it was usually assumed that the comparison between 

phenotypic traits was a replication of original local genetic interactions. Rhizobium, 

Bradyrhizobium, Mesorhizobium, Sinorhizobium, and Azorhizobium jointly called rhizobia 

are Gram-negative, nitrogen-fixing bacteria that forms nodule on host plants (Kanu and 

Dakora, 2012). 

Rhizobium creates an endosymbiotic nitrogen fixing relationship with the roots of 

legumes and Parasponia. The bacteria settle with plant cells within root nodules where 

atmospheric nitrogen is changed into ammonia and later supply to plants. Some organic 

nitrogenous compounds such as glutamine or ureides and the plants successively supply the 

bacteria with some organic compounds through photosynthesis (Rusdi et al., 2013). The most 

important and essential attributes of members of the genus Rhizobium is the ability to 

nodulate and fix nitrogen in the roots of legumes. There is specificity in this interaction. 

Legumes which belong to one cross-inoculation class are nodulated only by definite groups 

of Rhizobium and certainly Rhizobium species are clearly described in terms of the host 

legumes that they can nodulate, for example, R. leguminsarum nodulates peas, R. trifoli 

nodulates clover and R. phaseoli nodulates beans of the class Phaseolus (Sajid et al., 2011). 

Rhizobia are symbiotic bacteria that stimulate the development of many specialized 

organs, and root nodules on leguminous plants, in which they fix nitrogen. In several 

Rhizobium species, such as R. leguminosarum and R. meliloti, common and host-specific 
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nodulation (nod) genes have been recognized which influence infection and nodulation of 

specific hosts (Oono et al., 2011 ). 

Bradyrhizobium is also a class of gram-negative bacilli (rod-shaped) which has a 

definite subpolar or polar flagellum. It is a common bacterium that dwells in the soil to form 

mutualistic associations with legume plants and fix nitrogen to substitute for carbohydrates 

from the plant. Bradyrhizobium have the means of fixing atmospheric nitrogen into a ready 

manner to be used by other organisms. Unlike rhizobium, they are slow-growing species. In a 

liquid media broth, Bradyrhizobium uses 3-5 days to form a reasonable turbidity and 6-8 

hours twice in population size (Philippe et al., 2005). 

Root nodules manifest itself on the roots of plants (Primarily Fabaceae) that identify 

with nitrogen-fixing bacteria. Under nitrogen-limiting conditions, competent plants develop a 

symbiotic association with a host-specific strain of bacteria known as rhizobia. This approach 

has developed several times within the Fabaceae (Varshney et al., 2013). Root nodules 

seemingly have developed many times in the Fabaceae but they are limited beyond that 

family . The tendency of these plants to form root nodules appears to connect with their root 

structure. To be specific, a propensity to form lateral roots in reaction to abscisic acid may 

allow the later development of root nodules. The nodules have a variety of colours from light 

yellow to orange, to various shade of brown and even red. In size, they scale from less than a 

millimetre for very little nodules up to more than ten centimetres for mature nodules that 

have formed in loose sandy soil. The bigger nodules commonly have active nitrogen-fixing 

tissue on the end of little nodule lobes. The mature part of the nodule in the inner of the 

collection is often senescent and inert. Nodules are perennial and may keep forming from 

season to season for several years (Yendrek et al. , 2010). 

Among legume nodules, nitrogen gas from the environment changes into ammonia, 

which is later integrated into amino acids (the building units of proteins) , nucleotides (the 
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building blocks of DNA and RNA which is also the essential energy molecule ATP), with 

several cellular components like vitamins, flavones, and hormones. Their means of fixing 

gaseous nitrogen makes legumes a complete agricultural organism as their condition for 

nitrogen fertilizer is minimized. Undoubtedly, high-level of nitrogen obstructs the formation 

of nodule since it is no need for the plant to form the symbiosis. The energy used to split the 

nitrogen gas in the nodule originates after sugar has been derived from the leaf (a product of 

photosynthesis) . Oxygen sensitivity is very important in the nodule formation of Nitrogen 

fixation. Malate, which is the end product of sucrose, is also the right carbon basis for the 

bacteroids. Nodules from legume possess an iron-rich protein known as leghaemoglobin, 

connect directly to animal myoglobin, to enable the conversion of nitrogen gas into ammonia 

(Yendrek et al. , 2010). 

Malate, which is the breakdown result of sucrose, is likewise the immediate carbon 

reason for the bacteroids. Nitrogen obsession in the knob is exceptionally touchy to oxygen. 

Vegetable knobs have an iron containing protein known as leghaemoglobin firmly associated 

with creature myoglobin , to empower the changing of nitrogen gas into alkali . Root knobs 

exist in leguminous plants (Y endrek et al. , 2010). 

3.3 Importance of root nodule bacteria 

3.3.1 Non-symbiotic interactions 

According to a report by Pillai (2012), it was detected that bacteria were known to be 

notorious for their injurious special effects, fortunately they also contribute some benefits 

which are rarely known and virtually 99% of these bacteria are beneficial while the rest are 

harmful. Aside from the symbiotic relationship between plants and rhizobia, the production 

of phytohormones by these rhizobia such as nod factors, riboflavin, and lipo-chito

oligosaccharide can also trigger the growth of the plants and even multiply grain yield 

(Dakora, 2003). 
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Moreover, legumes usually produce phenolics that help to subdue the activities of 

pathogen leading to accessibility of nutrients available to plants and also important for the 

proper growth of other living beings. 

3.3.2 Symbiotic Interactions 

Root nodule symbiosis facilitates nitrogen-fixing bacteria which changes atmospheric 

nitrogen into a form that are immediately available for plant growth. Biological nitrogen 

fixation produces a built-in release of nitrogen fertilizer for several legume crops such as 

clover, peas, and beans. Legumes are associated with single-celled Gram-negative bacteria 

generally known as rhizobia, also members of the three remaining Rosid orders which are 

Fagales, Cucurbitales and Rosales associates with Gram-positive filamentous actinobacteria 

of the genus Frankia. In legumes, infection continues with intercellular and trans-cellular 

medium called infection threads (Baral et al., 2016). At the same time, cells in the root cortex 

are influenced to split and produce the tissues of the nodule. Nitrogen fixation usually takes 

place between specialized bacteroids cells encircle with organelle-like cytoplasmic partition 

called symbiosomes. The anatomy and physiology of root nodules both exhibit a high level of 

structural and metabolic concatenation within the plant and microbial symbionts (Toledo et 

al., 2003). Legumes have a symbiotic relationship with bacteria known as rhizobia, which 

produces ammonia from atmospheric nitrogen and aid the plant. Rhizobia usually live in the 

soil, but when there is limited supply of soil nitrogen, legumes supply flavonoids which send 

signal to rhizobia the plant is seeking symbiotic bacteria (Diouf et al., 2010) . 

Bambara groundnuts have a symbiotic relationship with bacteria called "rhizobia" 

which generate ammonia from atmospheric nitrogen and support the plant, examples of such 

bacteria are Rhizobium etli, Bradyrhizobium spp, Azorhizobium spp, Allorhizobium spp, 

Sinorhizobium spp, and Mesorhizobium spp (Pillai, 2012). These categories of the nitrogen 

fixing bacteria are needed for fixing atmospheric, including ammonia thereby making it 
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available for plants use. Plants do not have the ability of using atmospheric nitrogen and are 

dependent on nitrogen-fixing bacteria that are available in the soil. When revealed to 

flavonoids, the rhizobia emancipate nodulation factor, which activates the plant to produce 

deformed root hairs. Rhizobia later makes an infection thread which allows them to invade 

the root cells through the root hairs. Once the rhizobia enter the root cells, the root cells split 

rapidly, forming a nodule. The rhizobia form ammonia from nitrogen in the air, which plant 

requires to create amino acids and nucleotides (Benson et al., 2015b ). 

3.3.3 Bambara groundnut-bacterial interactions l N\,\l(J I 
LJBRAR)'_ 

African Bambara groundnuts interact with bacteria in diverse ways in which nutrients 

from plants can be used by bacteria which result in releasing bioactive substances for the 

growth and development of plants (Ndakidemi and Dakora, 2011). Bambara groundnut also 

forms nitrogen fixing symbiotic relationship with bacteria from root nodule jointly called 

rhizobia in such a way that release adequate nitrogen for the legume and other crops during 

intercrop or in crop rotation . Examples of these bacteria present in the root nodules of African 

Bambara groundnut are Rhizobium, Bradyrhizobium, and Burkholderia species (Benson et 

al., 2015b). Rhizob ium, Bradyrhizobium, and Azorhizobium have the means of engaging in a 

detailed, well arranged symbiosis with the host plant. Majority of the rhizobia host plants are 

in the same taxonomic family, the Leguminosae (Fabaceae) (Silva et al., 2013). 

The symbiosis is structurally and developmentally complex. The plant intricate a new 

structure and the bacterium undergo a programmed morphogenetic sequence. The two 

organisms evolve to form a metabolic association. The bacteria turn dinitrogen into ammonia, 

and the plant absorbs the am monia into amino acids and as a response provides the bacteria 

with carbohydrate (Sengupta and Gunri, 2015). Root nodule-bacterial connections in legumes 

contains host-specific concession and post-embryonic improvement of a nitrogen-fixing 

organ within the root nodule, in contrast with our broad knowledge of the bacteria needed for 
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the root nodule symbiosis, such as Nod factors, lipo-band exopolysaccharides (Cho et al., 

2014). Molecular genetics and genomics of two legumes, Lotus japonicas and Medicago 

truncatula, have both contributed essentially towards the discovery of a number of plant 

factors and to the mastery of the base of molecular of nodule origination, rhizobia contagion, 

organogenesis, nitrogen fixation, senescence and comeback instruction (Sandal et al., 2006) . 

In respect to stimulant by flavonoids that emanated from the roots of legume into the soil , 

rhizobia integrate signalling molecules accountable for nodule development. 

These signalling molecules, named Nod factors, are known as lipo-chito

oligosaccharides illuminated with various chemical replacements (Fernandez-Lopez et al., 

1996). Nod factors are the major cause for legume symbiotic signalling and nodule 

organogenesis (Kouchi et al., 2010). Nonetheless, new rhizobia structures such as 

exopolysaccharides excretion (Kidaj et al. (2012), ethylene biosynthesis regulation (Csukasi 

et al. (2009), protein secretion systems and BacA Wang et al. (2012), are usually needed for 

the formation of interface with legumes, probably because they take part in bacteria release 

into the host cytoplasm and bacteroids formation. 

3.4 Genetic polymorphism 

Genetic polymorphism usually occurs if it is within a population, a particular gene 

liable for generating a metabolizing enzyme has a different allele with the random frequency 

of 1 % (Zanger et al., 2004). For several such genes, single nucleotide polymorphisms (SNP) 

occur in an allelic position which may have more than single SNP. Genotype is the complete 

gene framework of an individual; however, the most generally consistent phenotype is the 

result of metabolism of a drug in an individual. Since phenotype is the product of connections 

between genetic make-up and the environment, it is usually not in agreement with genotype 

(Zanger et al., 2004). The sequencing of the whole genomes has led to the discovery large of 

numbers of polymorphism in every species examined. 
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Due to their pervasiveness and the serenity with which they are genotyped, these 

types of variation have been the target of most population-level studies. The genomes of 

individuals from the same species differ in sequence due to the different evolutionary 

processes (Singh et al. , 2009). However, various studies provide examples of evolutionary 

processes such as adaptive evolution, matching selection, harmful variation and genetic 

accumulation. The virtual position of these selective and speculative methods for phenotypic 

disparity between and among populations is ambiguous (Anderson et al. , 2011). Single 

Nucleotide Polymorphisms (SNPs) conveyed almost genome sequence variation , and whole 

genome sequencing allows whole characterization of genetic variation. 

3.5 Genetic variations 

Genetic variations are changes in the sequence of DNA from one person to another 

which leads to genetic variation both in and amidst the populations. It is possible for multiple 

variants of any given gene in the population (genes) lead to polymorphism. Through this 

polymorphism, only one human can be genetically identical. Even monozygous twins, which 

develop from the same zygote, have regular genetic variances due to mutations in the 

formation and gene-copy number (Baranzini et al., 2010). 

SNP is the only base pair modification which causes changes at a particular position 

m a DNA sequence between individuals which leads to phenotypic alterations between 

individuals of the same kind of population. DNA sequence is formed from a chain of four 

nucleotide bases; A, C, G, and T. When above 1 % of a population do not have similar 

nucleotide at a definite position in the DNA sequence, then this variation can be referred to as 

SNP. When a SNP follows within a gene, then the gene is known as having more than one 

allele. In most instances, SNPs sometimes lead to changes in the amino acid sequence. 

Though, SNPs do not just relate with genes, they can also happen in non-coding regions of 

DNA (Nordstrom et al., 2001 ). 
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3.6 Genetic diversity of root nodule bacteria 

A notable feature of the root nodule bacteria is the large genetic diversity they 

possess. The genetic relationships between the different bacteria collections are truly 

described and centred mostly on the study of the sequences of the ribosomal genes. There is a 

need for broader genomic scope like the gene map, genome size and sequence of metabolic 

genes which can aid in approving the present Rhizobium and Bradyrhizobium phylogenies. 

Accumulation of evidences of bacterial diversity, including enterobacteria and pathogens, is 

obtained and in comparison with Rhizobium diversity. 

3.7 Genetic diversity of Bambara groundnut 

Early work was done on Bambara groundnut utilizing isozyme markers by Asare et al. 

(2010) to explore the populace structure and apportioning of the experimental genetic 

diversity between the wild and domesticated accessions which prompt the conclusion that 

genetic diversity is available in both wild and domesticated Bambara groundnut. The other 

significant discoveries in their study are the practically total lack of heterozygotes in both 

wild and domesticated arrangements and the high genetic uniqueness between the wild and 

domesticated systems. This has directed them to infer that wild Bambara groundnut is a 

genuine prototype of the domesticated sort. 

Advance genetic diversity studies were carried by O lukolu et al. (2012) in which they 

used RFLP markers to survey the genetic diversity among 100 Bambara groundnut landraces 

from various topographical areas of Tanzania. They used 11 informative RFLP primers 

procedure and produced 49 scorable polymorphic pieces over all the chosen accessions. 

Genetic separations between accessions extended from 0.1 to 0.68 centred on a Jaccard 

variability index, while the cluster analysis discovered that Bambara groundnuts comprise of 

two main groups built on their geographic backgrounds in Tanzania. These markers gave 
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prove that there is generous genetic diversity embedded in Bambara groundnut. The two sets 

of nitrogen fixing bacteria present in legumes plants i.e. rhizobia and Frankia have been 

examined broadly. Frankia develops root nodules on over 280 types of timbered plants from 

8 distinct families, though its symbiotic affiliation is not as well recognized . In India, a 

method for isolation of Frankia by single spore culture procedure was created, and PCR

RFLP markers were recognized for testing actinorhizal symbionts. With regard to rhizobia, 

significant change in taxonomic status has occurred in the most recent years . Olukolu et al. 

(2012) illustrated the existing class of rhizobial classification which comprises the seven 

genera (Allorhizobium, Azorhizobium, Bradyrhizobium, Mesorhizobium, Methylobacterium, 

Rhizobium and Sinorhizobium). 

3.7.1 The genus Mesorhizobium 

The genus Mesorhizobium was defined by Nandasena et al. (2009), with a specific 

end goal to redistribute various strains of bacteria earlier involved in the Rhizobium genus. 

Mesorhizobium can build up nitrogen-fixing symbiosis with legume species from moderate, 

tropical, sub-tropical and icy areas, or associate endophytically with legume plants. Their 

host scope could be narrow, as appears to be the instance of M ciceri and M mediterraneum 

class strains or it could be broader, as for instance the M plurifarium and M tianshanense 

class strains, that nodulate legumes from different genera (Stypkowski et al. , 2011 ). 

3.7.2 The genus Rhizobium 

Bacteria accountable for the development of morphologically characterized nodules 

on the roots of members of the Leguminosae establish the genus Rhizobium. The normal 

ability of such beneficial interaction reducing dinitrogen to ammonia and incorporating the 

result into the nitrogen metabolic flow of the host plants offers this genus a position of great 

substance in biological environments and agronomic production. Rhizobium and 

agrobacterium are two genera (Peix et al., 2015), and their difference lies in the ability of 
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Rhizobium to form nodules on the legume host, and there is intimate relationship among the 

fast and slow growing types of the existing genus Rhizobium (Singh and Wright, 2002). 

3.7.3 The genus Bradyrhizobium 

The class Bradyrhizobium inside the Alpha-proteobacteria is generally connected with 

legumes and was proposed by Ramfrez-Bahena et al. (2009) for all slow-growing strains from 

the genus Rhizobium. Bradyrhizobium species are associated bacteria instigating the 

arrangement of nitrogen-fixing nodules on the roots of leguminous plants and various strains 

have been found as endophytes in non-leguminous species. In spite of the colossal amount of 

isolates, at present just eight species have been defined, seven of them can stimulate nodules 

in various legumes: B. japonicum, B. elkanii and B. liaoningense form beneficial interactions 

with soybean plants, B. yuanmingense, nodulates Lespedeza, B. canariense, nodulates 

endemic genistoid legumes from the Canary Islands and is additionally present in lupin and 

serradella nodules in Western Australia and South Africa (Stypkowski et al., 20 l l). 

3.7.4 The genus Sinorhizobium 

Genus Sinorhizobium was defined by Merabet et al. (20 I 0) . Though, recently some 

studies demonstrate that Sinorhizobium and the class Ensifer belong to a single taxon. 

Sinorhizobium are fast-growing rhizobia that establish nitrogen-fixing nodules on soybean 

roots. In reaction to flavonoids secreted from soybean roots, these two rhizobia release 

nodulation outside proteins to the extracellular milieu through a class ill emission framework 

(Iwanaga et al., 2012). The class Sinorhizobium is made up of five species (S. meliloti, S. 

medicae, S. terangae, S. saheli, S. fredii). Exploring the phylogeny of rhizobia with glutamine 

synthetase, atpD and recA genes, demonstrated that the phylogenetic points of S. saheli, S. 

terangae and S. fredii were very much separated and that S. meliloti and S. medicae are 

emphatically related, showing a tight collection with the Sinorhizobium class (Epstein et al. , 

2012). 
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3.7.5 The genus Allorhizabium 

Allorhizobium, a monospecific genus of Rhizobium proposed by Lajudie et al. 

(1998), includes the nitrogen-fixing species Allorhizobium undicola, proven on the premise 

of relative examination of 16S rDNA sequence data that demonstrated the bacteria as a 

distant branch of the Agrobacterium-Rhizobium group. Its closest neighbour is 

Agrobacterium vitis. Considering the report of Allorhizobium undicola, it is all very proven 

as a species different from Agrobacterium vitis (and from every other members of 

Agrobacterium-Rhizobium) by DNA-DNA relationship data, SDS-PAGE of proteins, PCR

RFLP of the internal transcribed spacer (ITS) differentiate between the 16S and 23S rDNA 

(Behrendt et al. , 2016, Orel et al. , 2016). 

3.8 Determination of genetic diversity 

Genetic diversity refers to the who le amount of genetic features in the genetic 

composition of any species. It is different from genetic variability, which defines the 

tendency of genetic framework to differ. Genetic diversity functions as a way for populations 

to adjust to uncertain environments. With more variation, it is possible for some individuals 

in a population to possess differences of alleles that are suitable for the environment. Those 

individuals are expected to continue to live so as to produce offspring that will bear the allele 

(Spurgin and Richardson, 2010). 

The population will last for more generations on account of the success of these 

individuals (Montgomery et al., 2010). The theoretical field of population genetics includes 

some scientific guesses and principles concerning genetic diversity. The neutral principle of 

evolution suggests that diversity is the outcome of the build-up of neutral changes. 

Diversifying selection is the theory that says two subpopulations of a species can survive in 

different surroundings that choose for different alleles at a specific locus. This could follow, 

for instance, if a species has a big variety relative to the flexibility of individuals within it. 
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Frequency dependent selection is a theory that says when alleles become more common, they 

also become more susceptible. This occurs in host-pathogen interactions, where a high rate of 

a defensive allele between the hosts means that it is possible for a pathogen to spread if it will 

be able to overcome that allele. 

Genetic variation ( or genetic variability) leading to genetic diversity is solely 

determined by single nucleotide polymorphism (SNP) according to (Nordstrom et al., 2001). 

How to determine genetic diversity in crops was investigated by Ren et al. (2013) in their 

study when they collected a worldwide durum wheat comprising of 150 accessions. They 

examined genetic diversity and genetic structure by means of 946 polymorphic SNP markers 

covering the whole genome of tetraploid wheat. Genetic structure had great impact on 

multiple factors, for example, environmental conditions, breeding methods replicated by 

release periods of varieties, and gene flow. Genetic diversity and genetic structure assessment 

in crops has great effects for plant breeding programs and the conservation of genetic 

resources. Recent developments of single nucleotide polymorphism (SNP) markers are 

helpful in discovering genetic diversity (Ren et al., 2013). 

This approach permits more dependable and better determination of the 

interrelationship among micro-organisms (Tindall et al., 2010). Phenotypic does not 

specifically includes the hereditary material (DNA or RNA) of the organism concern, for 

example, proteins and their role or other articulated features (Tindall et al. , 2010). Genotypic 

study relates to all strategies were for the examination of nucleic acids (DNA or RNA) 

contained by the cell. The genetic diversity of isolates can be discovered with the aid of 

molecular techniques, for example, RFLP and rep-PCR fingerprinting. Phylogenetic position 

can be defined with the aid of partial or full length sequencing of the 16S rRNA gene. 
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Phylogenetic interactions are resolved using genotypic data from the ribosomal RNA genes 

(Vinuesa et al., 2005). 

3.8.1 PCR-RFLP 

Restriction fragment length polymorphism (RFLP) make use of restriction 

endonucleases that cut the DNA at particular positions, creating various lesser DNA 

fragments that lead to an indecipherable spread when seen by gel electrophoresis. To 

overcome this problem, the PCR-RFLP method is employed; oligonucleotide primers are 

applied to intensify particular regions of the genome, joined with RFLP restriction enzyme 

digestion of these increase products to produce fingerprint configurations (Ramirez-Bahena et 

al., 2013). The inequitable vigor of locus-specific PCR is by and large not tantamount to that 

of previous strategies, due mostly to the constrained area of the genome that can be observed. 

3.8.2 Benefit of genetic diversity 

I 
NWU- · 1 
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Primarily, if the genetic frameworks of members of the population differ expressively, 

the class has a larger possibility to develop rapidly and successfully than within population of 

little genetic variableness. Some members of the group have acquired characters that made 

them to resist disease or tolerate cold, so they have other attributes that can enhance their 

possibility of living. Naturally, the most competent individuals will survive and reproduce. 

Darwin called this process natural selection. Assuming there is an outburst of a disease that 

frightens to blot out an entire population, the more genetic variability they are within that 

group, the higher the number of individuals that will withstand and survive. Plant breeders 

utilize the benefit of these genetic variants in the laboratory to advance the prevailing plants 

and produce new diversity. Through cross breeding, the plants endeavour to generate disease 

tolerance, predominant fruit production, enlarged cold resistance, and other beneficial 

characters (van de Wouw et al., 2010). 
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More so , genetic diversity lowers the development of adverse heritable characters . 

Within a small group of isolated organisms, some individuals may be enforced to reproduce 

with immediate relations. After the occurrence of this , the genetic framework of the 

organisms develops more constantly and steadily, and the genetic weakness begins to develop 

and become more common. This occurrence is known as inbreeding. When an organism with 

similar characteristics interbreeds, some genetic flaws that remained in the parents will also 

reproduce in the offspring. For instance, animals that are carriers of a gene for an inherited 

disorder, but did not display any signs, yet coupled with a mate that is a carrier then the 

offspring will display some expressions of the disease. Within an inbred population, there is 

great possibility that carriers will crossbreed, and the whole population will be diminished 

(Jump et al., 2009). Briefly, genetic diversity reinforces a population by expanding the 

possibility of some individuals that will survive crucial disruptions, thereby making the 

category subject to inherited diseases. 

3.9 Conclusion 

The improvement of molecular microbiology has changed the way toward describing, 

evaluating and categorizing bacteria. DNA fingerprinting methods are method used for 

imagining DNA polymorphisms between experiments as they include the demonstration of 

an arrangement of DNA parts from a particular DNA sample. DNA fingerprints may be 

developed as an instrument for defining the uniqueness of a particular DNA sample or to 

evaluate the relatedness between samples. Fast DNA typing techniques, for example, the 

procedures that focus on the entire genome (RAPD, ribotyping, AFLP, PFGE and rep-PCR) 

and separate genes (PCR-RFLP, ARDRA and sequencing) empower the separation amongst 

species and strains of similar species (Jiang et al., 2012). The high-quality of fingerprinting 

procedure is dependant both on the organism to be examined and the use of that study. The 

criteria for assessing which DNA fingerprinting strategy to employ combine typeability, 
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reproducibility, discriminatory power and ease of interpretation. A distinguishing proof 

procedure ought to be indifferent to former use of the strains and the practical complexity, 

cost, and time to get an outcome should likewise be assessed in measuring the importance of 

a specific typing strategy (Fakruddin et al., 2013). However, further genuine phylogenies 

should possibly study sideways transmission between collections of bacteria. 
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CHAPTER FOUR 

MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION OF 

PREVALENT ROOT NODULE BACTERIAL STRAIN FROM AFRICAN 

BAMBARA GROUNDNUT (INDIGENOUS AFRICAN LEGUME) 

Abstract 

Nitrogen is an essential nutrient needed by plants for effective growth; unfortunately it is not 

readily available to plants. The root nodules bacteria in symbiotic relationship with Bambara 

roots possess the ability of making this nitrogen readily available to plants . There is currently 

insufficient information on the diversity of native rhizobial populaces in the soils of South 

Africa. Morphological and biochemical studies were conducted out on the thirty strains of 

which total of eight were selected as probable nitrogen fixing and growth promoting 

rhizospheric bacteria. Molecular characterization was carried out employing 16S rRNA 

genes. The resulting bacterial isolates were compared with other species of the genera in the 

NCBI database using BLAST search and phylogenetic analysis were conducted. 

Computational analysis of the amplified 16S rRNA confirmed that the NWU A3, NWU A8 

and NWU A 10 bacteria isolate belong to the three main genera: Enterococcus, Bacillus and 

Acinetobacter with 90-100% sequence simi larity. Four of the isolates: NWU A2, NWU AS, 

NWU A6 and NWU A9 did not cluster with other bacterial isolates on the phylogenetic tree 

drawn which showed that these bacterial strains could be probable novel based on their 

distinctiveness. The l 6S rRNA sequences of the bacterial isolates were submitted to the 

GenBank under the accession numbers: KY322397-KY322402. These bacteria can be 

utilised as source of biofertilizer for enhancement of plant growth. 

Keywords: Bambara groundnut, nitrogen, molecular, symbiotic, rhizospheric bacteria 
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4.1 Introduction 

Symbiotic nitrogen fixation between leguminous plants and the a and P

proteobacteria microscopic organisms, commonly viewed as the rhizobia which prompts 

reduction of free air nitrogen into ammonia which fulfill the need of nitrogen of the host plant 

completely or somewhat (Dai et al., 20 12). This technique is a feasible and less costly 

substitute to inorganic manures in subsistence cultivating frameworks that are prevalent in 

Africa, in spite of the fact that it is endlessly under-used mostly in light of lacking 

confirmation on its instrument, biological background and management. 

A standout amongst the most vital ways to deal with defeat of this weakness is to 

recognize both the local and natural, furthermore those rhizobial strains that have adjusted to 

their environment with more noteworthy symbiotic capacities and their application in the 

local cropping system (Mothapo et al., 20 13). Through systematic isolation and screening for 

symbiotic proficiency, it is expected to isolate the best local strains which have versatile 

capacities for cutting edge nodulation, enhanced plant nitrogen content and advanced yield 

production 

Bambara groundnut (Vigna subterranea L. Verde) is the second primary African 

native grain legume after cowpea (Bamshaiye et al., 2011a) and it has a place with the family 

Leguminosea, subfamily Papilionoideae and tribe Phaseoleae (Sprent et al., 2010). In Africa, 

Bambara groundnut is significant as an unpredictable dietary protein source with 

inexhaustible agronomic benefits to little scale agriculturists. It is drought tolerant 

(Bamshaiye et al., 201 la) and is developed in mixed intercropping systems without including 

any composts since it can shape advantageous interaction through root nodule bacteria which 

settle nitrogen into the soil (Abdualrahman et al., 2012). Evidence on nitrogen-fixing bacteria 

symbiotic to Bambara groundnuts in the soils of Africa is basically uncultivated yet it has 

abundant potential in soil fertility management and resulting expanded harvest yields, since 
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the state of the Soils of Africa, choice of competent rhizobia for Bambara groundnuts in the 

distinctive soils is a required step to improve its productivity. 

Investigations on Bambara groundnut beneficial interaction in numerous parts of the 

world have plainly demonstrated that it is non-particular in its rhizobial necessities (Benson 

et al., 2015b ). Despite the fact that it demonstrates enhanced yield and symbiotic proficiency 

under inoculation with Bradyrhizobium , Azorhizobium, Ensifer and Mesorhizobium, as likely 

nodulators of Bambara groundnuts which their levels of efficiency is not completely 

demonstrated (Kanu and Dakora, 2012). Lately, Mazahib et al. (2013) depicted the 

enormously "unbridled" nature of Bambara groundnuts forming nitrogen-fixing beneficial 

interaction with a wide assortment of bacteria, including some members of the ~

proteobacteria for example the N-fixing Burkholderia. Regardless of these improvements, it 

is still yet to be affirmed if the diverse groups symbiotic to Bambara groundnuts exist in the 

soils of Africa, and all the more significantly in the event that they have agronomic benefits 

to subsistence farming systems. 

Resident rhizobia create natural procedures to survive the common conditions and 

similar tests against commercial strains may uncover strains with better impact on nitrogen 

fixation and plant growth promotion. Thirty rhizobial strains symbiotic to Bambara 

groundnuts were isolated and combined morphological and molecular identification were 

carried out using 16S rRNA gene sequences to determine their diversity. 

4.2 Methodology 

4.2.1 Bacterial Strains 

Thirty strains were isolated from native root nodules of Bambara groundnut (Africa 

indigenous legume) following the Degefu et al. (2013) protocol. 
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4.2.2 Isolation of Bacterial strains from root nodules 

Harvested nodules were carefully washed in sterile distilled water, surface sterilized 

by immersion in 95% ethanol for 10 sand again with sterile water. The washed nodules were 

surface sterilized with 0.1 % mercuric chloride for 30s and washed five times with sterile 

water to remove the traces of mercuric ch loride. The nodules were then transmitted into 

culture tube half-filled with sterile water to get a creamy bacterial suspension, serial dilution 

was done and suspension was streaked on Luria-Bertani Agar (LB Agar) plates. Plates were 

incubated at 25°C for 3 days, and the pureness of the cultures was confirmed by recurrent 

streaking of a single colony isolate on LB Agar medium under the same condition, and single 

colony was selected and streaked on LB Agar slants for further studies (Vincent, 1970). 

4.2.3 Morphological identification of the bacteria 

The bacterial colonies that grew on the agar plates were observed under dissecting 

microscope for morphological features like shape, color, motility, colony surface. Obvious 

colony types were isolated, purified, and later observed for cellular morphology and growth 

form in nutrient broth (0.3% yeast extract, 0.5% peptone) . Gram-staining was conducted for 

cell shape characterization and observed under a light microscope using Murray et al. (1994) 

protocol. e isolates growth form in nutrient broth was studied after growing pure cultures of 

isolates to stationary phase in nutrient broth in a static condition (without exposure to air). 

The motility of the isolates in wet-mount was studied using a light microscope. To form stock 

cultures, the isolates were grown to the volume of autoclaved glycerol and stored at -80°C in 

1 ml aliquots. 
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4.2.4 Biochemical Tests of Isolates 

4.2.4.1 Catalase Test 

The test was performed to determine the capability of test organism to utilize oxygen 

to produce hydrogen peroxide. Organisms that produce catalase converts hydrogen peroxide 

to water and oxygen. The colony of test organism was picked and transferred on a glass slide 

in a drop of water whi le as on other side of glass slide the drop of water was kept as such (not 

mixed with bacterial colony) . Few drops of 3% hydrogen peroxide were placed over the two 

drops on two sides of glass slide and both the drops were observed for the appearance of 

bubbles around the bacterial colon ies according to (Graham and Parker, 1964) . 

4.2.4.2 Citrate Test 

This test is based on the ability of an organism to utilize citrate as sole carbon source 

and ammonia as sole nitrogen source. Use of citrate involves the enzyme citritase, which 

breaks down citrate to oxaloacetate and acetate. Oxaloacetate is further broken down to 

pyruvate and carbon dioxide (CO2) . Production of sodium bicarbonate (NaHCO3) as well as 

ammonia (NH3) from the use of sodium citrate and ammonium salts results in alkaline pH. 

The Simmon's citrate agar (b lue colored) slants were inoculated with test organism and 

incubated at 30°C for 48 hrs and observe the slants for color change and growth (Koser, 

1923) 

4.2.4.3 Urease Test 

Urea is degraded into ammonia and CO2 . Urease production can be easi ly detected 

due to the production of ammonia which raises the pH of the medium and it can be 

demonstrated by the following reaction: 
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Urea broth medium (yeast extract, KH2PO4, K2HPO4, phenol red) was inoculated with 

test organism and incubated at 30°C for 24-48 hrs and observed for the production of color 

according to Lindstrom and Lehtomaki (1988). 

4.2.4.4 Nitrate Test 

This test was performed to determine the ability of test organism to produce nitrate 

reductase which can reduce nitrate to nitrite. The addition of potassium iodide to a solution of 

a nitrite, followed by acidification with dilute sulphuric acid, results in the liberation of 

iodine, which may be identified by the blue colour produced with starch solution. The nitrate 

broth (potassium nitrate, peptone, beef extract) was inoculated with test organism and 

incubated at 30°C for 24 hrs . Then few drops of nitrate reagent (zinc chloride, starch, 

potassium iodide) and 1-2 drops of sulphuric acid (1 :3 ; acid: water) to the culture tubes and 

observe for color change. 

4.2.4.5 Oxidase Test 

A dye dimethyl-p-phenylediamine hydrochloride donates electron to cytochrome C 

becomes oxidized and produce a color. Few drops of p-aminodimethylaniline oxalate were 

added on the surface of isolates on Yeast Extract Mannitol Agar (YEM Agar) and observed 

for the production of color according to Kovaks (1956). 

4.2.4.6 Starch Hydrolysis 

Starch hydrolysis test was performed to determine the ability of organisms to use 

starch as a carbon source (Kovaks N , 1956). This medium was inoculated with Rhizobium 

and analyzed for starch utilization. Iodine test was used to determine the capability of 

organisms to use starch. Drops of iodine solution (0.1 N) were spread on 24 hours old 

cultures grown in Petri plates . Formation of blue color indicated non utilization of starch and 

vice versa. 
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4.2.4.7 Gelatin Test 

Log phase cultures from YEM broth were swabbed on the surface of YEM agar plates 

containing 0.4% (w/v) gelatin to examine gelatinase activity. The plates were incubated at 

28°C for 7 days (Sadowsky et al., 1983). 

4.2.4.8 Salt and pH Tolerance 

8% KNO3 Tolerance: Strains were tested for the ability to grow in the presence of 8% 

KNO3 in YEM broth for a 7 days ' incubation period at 28°C (El Idrissi et al., 1996). 

4.2.4.9 Growth on Presence of 2% NaCl 

YEM agar media amended with 2% NaCl (w/v) was inoculated and growth was 

observed after 48 hours' incubation. 

4.2.4.10 Carbohydrate Utilization Tests 

The test was performed to determine the capability of test organism to use various 

carbohydrate (sucrose, galactose, rhamnose, glycerol, sorbito l, xylose, arabinose, dextrin, and 

glucose) sources as media for growth. When a sugar is fermented it results in the acid 

formation which is detected by the pH indictors (one color at acidic pH and another color at 

alkaline pH). Nutrient broth (sugar, yeast extract, MgSO4, K2HPO4, NaCl, (NH4) H2PO4, 

bromothymol blue (pH-6-yellow and pH-7.6-blue) with nine different kinds of sugars in three 

separate tubes were inoculated with test organism and incubated at 30°C for 24 hours . The 

sugar broths were then examined for any color change (Bishop et al., 1976). 
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4.2.3 Screening for IAA and NH3 Production 

4.2.3.1 IAA Production Assay 

Production of IAA was discovered by the revised method as instructed by Brick et al. 

(1991). The analysis of IAA was done at different concentration of tryptophan (0, 50, 150, 

300, 400 and 500 mg/ml) using the technique of Schroth and Loper (1986). Bacterial cultures 

were grown for 72 hours and the full-grown cultures were centrifuged at 3000 rpm for 30 

min. The supernatant (2 ml) was compounded with two drops of orthophosphoric acid and 

4ml of the Salkowski reagent (50 ml, 35% of perchloric acid, 1 ml 0.5M FeCh solution). 

Development of pink colour shows IAA production. Optical density was measured at 530 nm 

with the spectrophometer Spectronic 20D+ Concentration of IAA production was estimated 

with the help of IAA standard graph (Hi-media) obtained in the range of 10-1 00mg/ml. 

4.2.3.2 NH3 Production 

Bacterial isolates were investigated for ammonia production in peptone broth. 

Overnight grown bacterial cultures were inoculated in 10 ml peptone broth and incubated at 

30±0. l °C. Nessler's reagent (0.5 ml) was mixed in each tube. Changes of brown to yellow 

colour showed a positive test for ammonia production (Cappuccino and Sherman, 1992). 

4.2.4 Extraction of DNA isolation 

Eight pure isolates were carefully selected and genetically characterized using a l 6S 

RNA gene approach. Genomic DNA was extracted from pure bacterial isolates using the ZR 

Bacterial DNA MiniPrep™ kit according to the manufacturer's instructions (Zymo Research 

Corp. South Africa). 

4.2.5 PCR Amplification of 16S rRNA gene 

The concentration and purity of DNA were done using a Nanodrop™ Lite 

Spectrophotometer (Thermo Scientific Inc, USA) at 260-280 nm and PCR were analyzed by 
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electrophoresis on 1 % (w/v) agarose gel and visualized using ChemiDoc™ MP System (Bio

Rad Laboratories, Hercules, CA, USA). The PCR primers targeting the bacterial 16S rRNA 

gene used were 27F (5'- AGA GTT TGA TCM TGG CTC AG - 3') and 1492R (5'- GGT 

TAC CTT GTT ACG ACGACT T - 3'). Cl000 thermocycler (Bio-Rad Laboratories, 

Hercules, CA, USA) was used to perform PCR. To each 25µ1 of 1.0µ1 template DNA, 0.5µ1 

of each primer, 12.5µ1 of master mix and 11.0 of nuclease free water were added and mixed . 

Amplification of 16S rRNA gene region was performed with an initial denaturing step at 

94°C for 5 min, 30 cycles of denaturing at 94°C for 30 sec, primer annealing at 58°C for 1 

min, and primer extension at 72°C for 1 min, followed by a final extension step at 72°C for 7 

min. PCR products were separated by horizontal gel electrophoresis on 1.5 % (w/v) agarose 

gel stained with 2µ1 of Ethidium bromide at 100 V for 50 mins and results were visualized 

with a ChemiDoc™ MP System (Bio-Rad Laboratories, Hercules, CA, USA) to confirm the 

expected size of the product.. The remaining PCR products were purified using NucleoSpin 

Gel and PCR Clean-up kit (Macherey-Nagel, Germany). 

4.2.6 Sequencing of rRNA fragments 

The sequencing of the purified PCR products were done at Inqaba Biotechnical 

Industrial (Pty) Ltd, Pretoria, South Africa with PRISM™ Ready Reaction Dye Terminator 

Cycle Sequencing Kit using the dideoxy chain termination method and electrophoresed with 

a model ABI PRISM® 3500XL DNA Sequencer (Applied Biosystems, Foster City, CA, 

USA) by following the manufacturer ' s instructions. 

4.2.7 Sequencing Analysis 

In order to ensure good quality sequence assurance ChromasLite version 2.33 

software was utilised for the Chromatograms analysis, (sense and antisense) resulting from 

sequencing reaction (Technelysium, 2004). The resulting chromatograms were edited using 

BioEdit Sequence Alignment Editor (Hall, 2004). After this the resulting consensus 16S 
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rDNA sequences obtained were Blast in the NCBI (www.ncbi.nlm.nih.gov) database with the 

Basic Alignment Search Tool (BLASTn) for homology in order to identify the probable 

organism in question (Altschul et al., 1997). These sequences were deposited in the GenBank 

database. 

4.2.8 Phylogenetic Analysis 
The phylogenetic analyses based on the l 6S rDNA gene were further used to 

characterize the organism in order to establish relationships among them. The partial 16S 

rDNA sequences obtained for were utilized in the search of reference nucleotide sequence 

available in NCBI GenBank database using BlastN algorithm (Altschul et al. , 1997). Mafft 

version 7 .0 was employed in the multiple alignment of nucleotide sequences (Katoh and Toh, 

2010) while trees were drawn based on character based method (Maximum Like! ihood) for 

comparing set of data against set of models of evolution using MEGA 6 (Tamura et al. , 

2013). Putative chimeric sequences were identified using the Chimera Buster 1.0 software. 

Manipulation and tree editing were carried out using Tree View (Page, 1996). 

4.3 Results and Discussion 

4.3.1 Morphological and Physiological Characteristics 

A total of 30 bacterial strains were isolated from the well separated colonies on Luria

Bertani Agar (LB Agar) from plates inoculated with the samples of root nodules of Bambara 

groundnut. All of the isolates showed both similar colony and cellular morphology and 

produced creamy, flat and raised colonies when grown on LB Agar (Table 2). The colony 

size of the isolates reached 2-3 mm in diameter after 3-5 days of incubation at 25°C. 

Microscopic examination revealed that the isolates were Gram negative and rod shaped. The 

isolates showed wide variation in their physiological features showing large diversity among 

them (Table 4.1). Based on the results of the morphological, biochemical and physiological 
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examination 8 isolates were finally selected for further study. The selected isolates are with 

their accession numbers from the GenBank are represented in Table 4.2. 
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Table 4.1: Morphological Identification of Rhizobial isolates 

Isolates G CeS M Colour CoS D(mm) Surface Elevation Edge 

VBR l Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR2 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR3 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR4 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR5 Rod + Creamy Circular :S 2 Smooth Rai sed Entire 

VBR6 Rod + Creamy Circular :S2 Smooth Flat Entire 

VBR 7 Rod + Creamy Circular :s 3 Smooth Flat Entire 

VBR8 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR9 Rod + Creamy Circular :S 2 Smooth Flat Curled 

VBR 10 Rod + Creamy Circular :s 3 Smooth Raised Entire 

VBR 11 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR 12 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR 13 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBR14 Rod + Creamy Circular :s 2 Smooth Flat Entire 

VBL 1 Rod + Creamy Circular :S 2 Smooth Raised Entire 

VBL2 Rod + Creamy Circular :S 2 Smooth Flat Entire 
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VBL3 Rod + Creamy Circular :s 2 Smooth Flat Entire 

VBL4 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL 5 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL6 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL7 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL8 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL9 Rod + Creamy Circular :s 2 Smooth Flat Entire 

VBLlO Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL 11 Rod + Creamy Circular :S2 Smooth Flat Entire 

VBL12 Rod + Creamy Circular :s 3 Smooth Flat Entire 

VBL 13 Rod + Creamy Circular :s 3 Smooth Flat Entire 

VBL14 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL 15 Rod + Creamy Circular :S 2 Smooth Flat Entire 

VBL16 Rod + Creamy Circular :S 2 Smooth Raised Entire 

CeS: cell shape; CoS: colony shape; D: diameter; M: motility; G: gram staining 

72 



Table 4.2: Selected isolates with their accession numbers from the GenBank 

Accession 

Isolates Strain Code Number Isolate Identity 

VBR 1 NWUA2 KY322399 Fictibacillus nanhaiensis 

VBR3 NWUA3 KY322397 Enterococcus durans 

VBRlO NWU AlO KY322402 Acinetobacter johnsonii 

VBR14 NWUAS KY322398 Bacillus pumilus 

VBL 1 NWUA6 KY322399 Fictibacillus arsenicus 

VBL 8 NWUA7 KY322400 Acinetobacter johnsonii 

VBL9 NWUA8 KY322401 Bacillus pumilus 

VBLlO NWUA9 KY322402 Acinetobacter johnsonii 

VBR: Isolate obtained from the rhizosphere of Bambara groundnut; VBL: Isolate from the 
Bambara gtgroundnut rhizoplane soil 
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4.3.2 Biochemical Test of the isolates 

The results of the entire biochemical test including: catalase, citrate, urease, nitrate, oxidase, 

starch hydrolysis and carbohydrate utilization are depicted in Table 4.3. 

4.3.2.1 Catalase Test 

Oxygen bubbles were released when 3% H20 2 was added to a drop containing the test 

bacteria while no oxygen bubbles were observed when H20 2 was added to a drop of distilled 

water indicating that the test organism is catalase positive. 

4.3.2.2 Citrate Test 

No color change was observed in the Simmon' s citrate agar (blue colored) after 

incubation confirming that the test organism is citrase ( citrate test) negative. 

4.3.2.3 U rease Test 
I NwU I 
lLJBRARY_ 

Urea broth had turned pink after incubation suggesting alkaline nature of medium 

because of ammonia production indicating that the test organism is urease positive. 

4.3.2.4 Nitrate Test 

After the addition of Nitrate test reagent to overnight incubated nitrate broth 

(inoculated with test organism), blue color appeared which indicated nitrite is produced and 

our test organism is nitrate reductase positive. 

4.3.2.5 Oxidase Test 

When overnight cultivated culture of test organism was spread over the oxidase strips, 

the color of the strips changed to blackish purple confirming that the test organism is positive 

for oxidase. 
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4.3.2.6 Starch Hydrolysis 

When the inoculated plates were flooded with iodine solution, clear zones around the 

colonies were observed while blue color appears on no growth areas Therefore positive 

results were obtained from the starch hydrolysis assay. This indicates that the isolates have 

the potential to hydrolyze starch present in the medium (Table 4.3). 

4.3.2.7 Carbohydrate Utilization Tests 

After inoculation and 24 hours' incubation, our carbohydrate utilization results 

showed that all the organisms utilize galactose, sucrose, rhamnose, glycerol, sorbitol , xylose, 

arabinose, and glucose. None of the organisms examined were able to utilize dextrin as a sole 

carbon source for growth. 
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Table· 4.3: Biochemical and Physiological Characteristics of the isolates 

Characteristics 
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VBR 1 + + + + + + 

VBR2 + + + + + + 

VBR 3 + + + + + + 

VBR4 + + + + + + 

VBR5 + + + + + + 

VBR6 + + + + + + 

VBR 7 + + + + + + 

VBR8 + + + + + + 

VBR9 + + + + + + 

VBR 10 + + + + + + 

VBR 11 + + + + + + 

VBR 12 + + + + + + 

VBR 13 + + + + + + 

VBR 14 + + + + + + 
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VBL 1 + + + + + + 

VBL2 + + + + + + 

VBL 3 + + + + + + 

VBL4 + + + + + + 

VBLS + + + + + + 

VBL6 + + + + + + 

VBL7 + + + + + + 

VBL 8 + + + + + + 

VBL9 + + + + + + 

VBLlO + + + + + + 

VBL 11 + + + + + + 

VBL1 2 + + + + + + 

VBL13 + + + + + + 

VBL 14 + + + + + + 

VBL15 + + + + + + 

VBL 16 + + + + + + 
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4.3.2.8 Screening for IAA and NH3 Production 

The 8 rhizobial isolates selected after primary characterization were tested for their 

plant growth promoting abilities. The results of the tests revealed that the 8 isolates were 

capable of producing of IAA although the amount varied greatly among the strains (Table 

4.4). The highest production of IAA of 81 µg/mL was shown by isolate VBL 9 (A9) . All the 

isolates were capable of producing ammonia as confirmed by changing of brown to yellow 

colour which shows a positive test for ammonia production. 

4.3.2.9 Salt and pH Tolerance 

All the isolates grew well at both pH of 9.0 and 9.5. However, all the isolates were 

unable to grow at pH 4.0. In the salt test, all the isolates were ab le to tolerate and grow very 

well on the test concentrations (8% KN03) and (2% NaCl) (Tab le 4.4) . 
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Table 4.4: IAA Production, Ammonia Production, PH tolerance and Salt tolerance 

PH Tolerance Salt Tolerance 

C: 
.8 -~ 
u 
= 8 "O 

r,J --- 0 
ell ,_ 

cu :::1. ~ -~ 
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,.., - ::r: 0 
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PH4.0 PH9.0 PH9.5 8% 2% 

Potassium Sodium 

Nitrate Chloride 

A2 48 + + + + + 

A3 33 + + + + + 

AS 49 + + + + + 

A6 52 + + + + + 

A7 67 + + + + + 

A8 61 + + + + + 

A9 81 + + + + + 

Al0 30 + + + + + 
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4.3.3 Molecular characterization 

The resulting amplicons from the 16S rRNA gave the expected base pair of 1500 Kb 

which is depicted in the Figure 4.1 . 
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bp I\·I A3 AS A6 A7 A8. A9 AlO 

1$00 I 
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Figure 4.1: Ethidium bromide-stained gels of Polymerase Chain Reaction (PCR) 

amplification products obtained from different bacterial strains of Bambara 

groundnut root nodules A2, A3, AS, A6, A7, A8, A9 and AlO 
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Table 4.5: Partial 16S rRNA sequence alignment results from NCBI blast searches for the 

bacterial isolates 

Isolate Blast ID (closest cultured representative) Similarity% E-value 

NWUA2 Fictibacillus nanhaiensis 85 0.0 

NWUA3 Enterococcus durans 92 0.0 

NWUA5 Bacillus pumilus 93 0.0 

NWUA6 Fictibacillus arsenicus 86 0.0 

NWUA7 Acinetobacter johnsonii 84 0.0 

NWUA8 Bacillus pumilus 99 0.0 

NWUA9 Acinetobacter johnsonii 97 0.0 

NWUAI0 Acinetobacter johnsonii 97 0.0 
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The phylogenetic studies in Figure 4 revealed that NWU A3, NWU A8 and NWU 

A 10 possessed 99% similarity index with the Enterococcus sp., Bacillus sp., Acinetobacter 

sp., while NWU A 7 expressed 90% similarity index with the Acinetobacter sp. Low 

similarity index lower than 50% were expressed in NWU A2, NWU AS, NWU A6 and NWU 

A9, these isolates did not cluster with the other bacterial isolates on the phylogenetic tree 

drawn which revealed that these bacterial strains are novel based on their distinctness which 

is in line with Aremu and Babalola (2015). 
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Figure 4.2: Maximum Likelihood phylogenetic tree based on partial 16S rRNA gene 

sequence obtained from root nodule bacteria isolated of Bambara groundnut. Numbers at the 

50% are presented nodes show the levels of bootstrap support based on 1000 resampled data 

sets. 
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4.4 Conclusion 

From the morphological and biochemical point of view, eight strains were identified 

as potential nitrogen fixation rhizopheric bacteria and growth promoting bacteria. The 

phylogenetic studies showed that 4 of the strains are closer relatives of Enterococcus sp. , 

Bacillus sp., Acinetobacter sp. , while the remaining 4 novel bacteria for further studies in the 

future. These bacterial can be used as source of biofertilizer for enhancement of plant growth. 
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CHAPTER FIVE 

DETERMINATION OF GENETIC DIVERSITY AND PHYLOGENY OF RHIZOBIA 

ISOLATED FROM ROOT NODULE BACTERIAL OF BAMBARA GROUNDNUT 

USING PCR-RFLP 

Abstract 

Rhizobia are distinctive set of soil bacteria responsible for fixing atmospheric nitrogen to 

usable form enhancing plant growth and indirectly increasing the plant yield . Rhizobia are in 

mutualistic relationship with leguminous plant leading to total biological nitrogen fixation 

thereby reducing the cost and undesirable environmental pollution encountered in the use of 

synthetic nitrogen fertilizer. Bambara groundnut, out of different legumes has been a good 

resource in green manure utilized by various farmers in Africa. It is essential to study the 

different rhizobial isolate encompassing the root nodules to shed more light to its relationship 

to improve soil ferti lity. Thirty test isolates were isolated, characterized and identified 

through biochemical tests and screened down to a total of eight major isolate in the previous 

study are checked for the nodulation and nitrogen fixation ability using nodC and nifH gene 

specific primer. The PCR-RFLP analysis was also carried out to determine their genetic 

diversity. All DNA of the eight isolated showed the correct size of amplification product for 

the 16S rDNA in their chromosome whereas nifH gene and nodC gene were only expressed 

in their plasmid not in the chromosome showing their ability to undergo horizontal gene 

transfer. These attributes will provide these rhizobia an appropriate choice for use as in 

symbiotic relationship with Bambara groundnut as biofertilizer.in the future. This biological 

nitrogen fixation technology could be a right substitute to commercially available N fertilizer 

for safety of the farmer from the adverse residual effect of the ferti lizer pollution in the 

environment. Three diverse groups of rhizobia are expressed from the PCR-RFLP point of 
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view. These can further be analysed and characterize through highthroughput molecular 

technique to choose the ideal strain of rhizobia for Bambara. 

KEYWORDS: Rhizobium, Bambara groundnut, biofertilizer, nif gene, nod gene, PCR

RFLP 

5.1 Introduction 

Rhizobia are soil bacteria that are competent of forming nitrogen-fixing symbiosis 

with legumes. The family Leguminosae contains 650 genera and 18 000 species, and 

comprises of momentary annual herbs and timbered perennials that are scattered over an 

extensive variety of environmental conditions (Cardoso et al. , 20 I 2) . A large number of its 

members have agricultural and biological significance, usually reproducing the beneficial 

symbiotic relationship with rhizobia. In sub-Saharan Africa, forest legumes are an important 

feature of conventional agroforestry practices and are studied to be low-cost substitutes to 

manures for soil potency enhancement and land recovery (Giller et al. , 2009). 

Presently, close to 44 accepted classes of nodule forming bacteria on legumes, out of 

12 genera, 10 of them are classified as "Alphaproteobacteria' (Allorhizobium, Azorhizobium, 

Blastobacter, Bradyrhizobium, Devosia, Ensifer, Mesorhizobium, Methylobacterium, 

Rhizobium and Sinorhizobium), and the remaining two as "Betaproteobacteria" (Burkholderia 

and Ralstonia) (Angus and Hirsch, 2010). In the most recent couple of years, several 

investigations on rhizobia isolated from tree legumes in East Africa ( especially Kenya and 

Sudan) have discovered substantial phenotypic and genetic variety among strains, and a 

number of some definite classes have been recognized as unique species described (Sandhya 

et al. , 2010, Langer et al. , 2008, Lindstrom et al., 2010, Boukhatem et al. , 2012). 

All the previous studies undertaken on Bambara groundnut utilizing isozyme markers 

by Asare et al. (2010) to explore the populace structure and apportioning of the experimental 
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genetic diversity between the wild and domesticated accessions which prompt the conclusion 

that genetic diversity is available in both wild and domesticated Bambara groundnut. The 

other significant discoveries in their studies are the practically total lack of heterozygotes in 

both wild and domesticated arrangements and the high genetic uniqueness between the wild 

and domesticated systems. This has led them to infer that wild Bambara groundnut is a 

genuine prototype of the domesticated sort. Advance genetic diversity studies were directed 

by Olukolu et al. (2012) in which they used RFLP markers to survey the genetic diversity 

among 100 Bambara groundnut landraces from various topographical areas of Southern 

Africa. They used 11 informative RFLP primers procedure and produced 49 scorable 

polymorphic pieces over all the chosen accessions. Genetic separations between accessions 

extended from 0.1 to 0.68 centered on a Jaccard variability index, while the cluster analysis 

discovered that Bambara groundnut comprise of two main groups built on their geographic 

backgrounds. These markers gave prove that there is generous genetic diversity embedded in 

Bambara groundnut. 

Investigation of new biogeographical areas and the examination of legumes that have 

not been checked for nodulation reveals little-known rhizobia, as well as upholds research 

attempts meant for selecting efficient patterns of rhizobium-legume genotype to use the 

tremendous capability of expanded nitrogen fixation. In view of this, we already studied the 

nodulation status of diversity of indigenous and outlandish woody legumes in 14 biologically 

varied zones in southern African, and isolated an expansive number of root-nodulating 

bacteria (Degefu et al., 2013). 

In this study, the strains are described by using PCR-RFLP of the 16S rRNA gene for 

their genetic diversity and phylogenetic connections were resolved. To construct the 

phylogenetic affiliation of the unknown strains, the 16S rRNA gene sequences of presently 
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known nitrogen-fixing root nodule bacterial species were recovered from the 

GenBank/EMBL database and incorporated into the analysis. 

5.2 Methodology 

Thirty strains were isolated from prevalent root nodules of Bambara groundnut 

(Africa indigenous legume) using Degefu et al. (2013) protocol. 

5.2.1 Growth of Bacteria, DNA and Plasmid Extraction 

Bacteria were re-streaked and grown on Luria-Bertani Agar (LB Agar) plates at 25°C 

for 3 days depending on the strain (Somasegaran and Hoben, 2012). These bacterial cultures 

were grown in a shaking incubator (150 rpm) for 24 hat 37°C and 1.5ml of each culture was 

aliquot into sterile Eppendorf tubes, then centrifuged at 1000 rpm for 5 min. Cells were then 

re-suspended into 650 µl of TE buffer after the supernatant has been discarded. The total 

genomic DNA was obtained from each bacterial suspension with slight modifications using 

the ZR Bacterial DNA MiniPrep™ (Zymo Research, USA). 

The plasmid was extracted from full grown pure cultures of the bacteria isolate grown 

overnight in 10 ml of sterile LB broth. The pellet of the cell was harvested and 1.5 ml of each 

culture was centrifuged in microfuge tubes for 5 min at 6,000 rpm (revolutions per min). The 

plasmid in each culture was later extracted using high pure Zyppy™ plasmid miniprep kit 

(Zymo Research, USA) according to the manufacturer 's instruction. The extracted plasmid 

DNA was kept at -80°C for further use. 

5.2.2 Screening for Nodulation and Nitrogen Fixing Activity 

The isolates were screened for the genes responsible the nodulation (nodC) and 

nitrogen-fixing (ni.fH) ability using gene specific primer for the nodC and nifH gene. The 

nifH gene was amplified using forward primer nifH4F 5' ATRTTRTTNGCNGCRTA 3' and 

reverse primer nifH4R 5' TTYTA YGGNAARGGNGG 3' while the nodC was amplified with 
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nodCf 5' GCTGCCTATGCAGACGATG-3' and nodCr 5'-

GGTTACTGGCTTTCATTTGGC-3'. The PCR was conducted in each 26µ1 of 2.0µ1 

template DNA, 0.5µ1 of each primer, 12.5µ1 of master mix and 10.5 of nuclease free water 

using Bio-Rad Cl000 thermo cycler thermal cycler. The PCR conditions used for niftl gene 

are initial denaturing step at 94°C for 2 min, 30 cycles of denaturing at 94°C for 30 sec, 

primer annealing at 55°C for 1 min, and primer extension at 72°C for 1 min, followed by a 

final extension step at 72°C for 7 and hold at 4°C till used. The condition for the nodC gene 

is as follows: initial denaturation for 5 min at 94 °C; denaturation at 94 °C for 1 min s carried 

out for 30 cycles, annealing temperature of 55°C for 3 min, elongation at 72°C for each cycle 

and finally, 7 min extension period at 72°C was performed. The resulting PCR products were 

analyzed employing gel electrophoretic study (1 % agarose gel stained with Ethidium 

bromide) and the best amplicons were visualized with ChemiDoc™MP System (Bio-Rad 

Laboratories, Hercules, CA, USA). 

5.2.3 PCR-RFLP of 16S rRNA gene 

The PCR of the l 6S rRNA gene was carried out with primers 341 F (5 ' - CCT ACG 

GGA GGC AGC AG-3') and 907R (5' CCC CGT CAA TIC CTT TGA GTT T-3'). DNA 

Amplification of 16S rRNA gene region was performed in a programmable thermocycler 

(Cl000-BioRad, USA), the cycling profile used was initial denaturation at 96°C for 3 min, 

denaturation at 96°C for 45 sec, annealing at 56°C for 30 sec, extension for 1 min at 72°C 

while further extension was done also at 72°C for 5 min. this was held at 4 °C until used 

hence the total cycles is 35 cycles. The size of the amplification products was verified by 

electrophoresis in 1.5 % (w/v) agarose gel stained with 2µ1 of Ethidium bromide at 100 V for 

50 mins and visualized under UV GelDoc Image Analyzer (Bio-Rad Laboratories, Hercules, 

CA, USA). Aliquots of 9µ1 of the amplified 16S rRNA genes and digested with 9µ1 of 

nuclease free water, 5 µl of restriction buffer, and 1 µl of the restriction enzymes Hae/II at 
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37°C for 3 hrs. The digested rRNA genes were separated in 2% agarose gels, visualized with 

ChemiDoc image analyzer and the good picture of the amplicons were taken and analysed 

accordingly for the unique fingerprinting. 

5.3 Result and Discussion 

The PCR results revealed the presence of nifH gene in only 12 strains out of the 30 

isolated strains. The gel picture of the amplified gene of the 12 strains gave the expected 

amplicon size of 700 bp depicted in Figure 5.1. The nifH gene product serves as a component 

of the nitrogenase system and has a role in the formation of Fe-protein complex. It is 

therefore, safe to assume that the presence of nifH gene is an indicator of the existence of the 

nitrogenase system and the ability to fix nitrogen. 
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bp lVI A2 A3 AS A6 A7 A8 A9 A10 

700 

Figure 5.1 : Gel picture showing the nifH amplifi ed amplicons obtained from different 

bacterial strains of Bambara groundnut root nodules A2, A3, A5, A6, A 7, A8, A9 and 

AlO. Lane M: lKb molecular weight marker 
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Also, nodC gene were expressed in the plasmid of just 12 strains with the expected 

amplicon size of 500 bp depicted in Figure 5.2. These showed the attribute of nodulation in 

the leguminous plant and the gene borne on the plasmid in both cases can easily be 

transferred to the surrounding microbes in the soil enhancing their capabi lity to fix nitrogen 

thereby increasing the easily absorbable nitrogenous substances for the plant uptake. 
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bp 

500 

M A.2 A3 A.5 A6 A.7 AB A9 A.10 

Figure 5.2: Gel picture of expressed nodC gene obtained from different bacterial 

strains of Bambara groundnut root nodules A2, A3, A5, A6, A7, A8, A9 and AlO. 

Lane M: lKb molecular weight marker 
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PCR of the 16S rRNA gene locus from each of the strains produced a single band of 

1.5 fragments (Figure 5.3) which correspond to the expected size of the primer 341F (5'

CCT ACG GGA GGC AGC AG-3') and 907R (5' CCC CGT CAA ITC CIT TGA GITT-

3 ' reported previously by (Terefework et al., 1998). 
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bp 1VI A2 A3 AS A6 A7 AS A9 AlO 

1.5 

Figure 5.3: Amplicons of the 16S rDNA gene amplification products obtained 

from different bacterial strains of Bambara groundnut root nodules A2, A3, AS, 

A6, A7, A8, A9 and AIO. Lane M: !Kb molecular weight marker 
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The Fingerprints of the strains generated by PCR-RFLP of the ribosomal genes were 

revealed in three distinguished different combinations of patterns, representing three distinct 

16S rRNA genotypes among all the strains (Figure 5.4). 
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bp lH A.2 A3 AS A6 A7 AS A9 AlO 

Figure 5.4: PCR-RFLP gel picture showing exact fingerprint of the bacterial 

population obtained from different bacterial strains of Bambara groundnut root 

nodules A2, A3, AS, A6, A7, A8, A9 and AlO. Lane M: lKb molecular 

weight marker 
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The clustering of the strains in the dendrogram (Figure.4.2) is in agreement with 

previously reported RFLP groupings and phylogenetic trees based on whole 16S rRNA gene 

sequences for rhizobia (Terefework et al., 1998). The l 6S rRNA genotypes identified among 

the test strains corresponded to five major groups described before (Figure 5.l). 
NWU I 

5.4 Conclusion LIBRARY, 
In conclusion, by applying modern molecular biological methodologies, it was identified 

within eight rhizobial strains, three groups of rhizobia that possessed the ability to nodulate 

legumes as well as fixing the atmospheric nitrogen to a more usable form. This wide 

phylogenetic diversity of the strains that were isolated from a relatively small number of 

leguminous species has further reaffirmed the findings of other researchers (Diouf et al., 

2010) that bacterial strains from root nodule Bambara groundnut might be the main origin of 

rhizobial biodiversity for other plants, and it is a promising prospect for unearthing 

previously unidentified rhizobia that are more diverse and for elucidating the molecular 

evolution of rhizobium-legume symbiosis. 
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CHAPTER SIX 

6.1 General Conclusion 

Bambara groundnut, being a legume, is found in mutualistic association with root 

nodule bacteria and possesses direct and indirect profitable use in agriculture. The symbiotic 

bacteria (Rhizobia) convert the atmospheric nitrogen to more absorbable form for plant 

growth and development. However, Bambara groundnut is still one of the less conquered by 

pest and diseases which is unexploited in several parts of Africa. Although, Bambara 

groundnut is largely unused, cheap and given little or no priority, there is a genuine necessity 

for mindfulness campaigns on its uses, nutritional benefits, and as a matter of importance a 

vital alternative for improving the N fertility of the soil. Bambara groundnut production, 

conservation, and utilization should be pursued since the level of development and use in 

Africa and beyond is low. Given the rate at which agriculture production is to growth in 

world population, the production and use of this habitually abandoned crop should be 

improved. Again, Bambara groundnut should not only be seen and cultivated as subsistence

female crop; rather it should be seen as a crop that is relevant to food security. 

Lastly, there should be a concerted effort by the international community for support 

for any research on the cultivation, use and storage of Bambara groundnut which is presently 

low. Effort of the government to support research on improving Nitrogen-fixation abilities of 

Bambara groundnut in order to utilize it widely should be encouraged. 

Solutions to hunger and poverty cannot rely only on new crop varieties that are bred 

in a laboratory. Rather, reigniting an attention in and sensitivity for indigenous and traditional 

foods can aid to improve nutrition, increase incomes, restore agricultural biodiversity, and 

preserve local cultures. Presently, the best dangers confronting Africa are hunger; 
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malnutrition, deforestation, desertification, etc. The introduction of molecular microbiology 

has changed the way toward describing, evaluating and categorizing bacteria. 

In conclusion, using modern molecular biological methodologies as well as the 

morphological and biochemical techniques, 8 bacteria were identified with three distinct 

groups which possess the ability to nodulate legumes as well as fixing the atmospheric 

nitrogen to a more usable form in the plant. The gene responsible for these attributes are 

borne on the plasmid with wide phylogenetic diversity of the strains isolated from a relatively 

small number of leguminous species thereby further strengthens the views of other 

researchers that bacterial strains from root nodule Bambara groundnut might be the main 

origin of rhizobial biodiversity for other plants, and serves as a promising outlook for finding 

previously unidentified rhizobia that are more diverse and for elucidating the molecular 

evolution of rhizobium-legume symbiosis. 
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