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INTRODUCTION

 The word Rhizobium comes from the Greek words: "rhiza" which refers to 
root, and "bios" which refers to life.

 Rhizobium are a group of Gram-negative soil bacteria that are well 
known for their symbiotic relationship with various leguminous There are 
different types of Rhizobium that are categorized on the basis of the 
rate of growth and the type of plant they are associated with. 

 Some species of Rhizobium include:

 R. leguminosarum

 R. lentis

 R. japonicum

 R. phaseoli

 R. trifolii



 along with Bradyrhizobium, Sinorhizobium, Mesorhizobium, Azorhizobium, and 
Allorhizobium, Rhizobium is a soil Rhizobia, which means that it consists of bacteria 
with the ability to fix nitrogen. 

It is classified as follows:

 Kingdom: Bacteria - Like other bacteria, Rhizobium cells lack membrane-bound 
organelles. They also have ribosome, cytoplasm and flagella.

 Phylum: Proteobacteria - Phylum proteobacteria includes Gram-negative 
bacteria including those responsible for fixing nitrogen.

 Class: Alphaproteobacteria - Class Alphaproteobacteria is composed of a wide 
range of Gram-negative with varying life characteristics.

 Order: Rhizobiales - This is an order of Gram-negative Alphaproteobacteria that 
form a symbiotic relationship with plant roots (where they fix nitrogen).

 Family: Rhizobiaceae - Along with such genera as Agrobacterium, genus 
Rhizobium makes up the family Rhizobiaceae. While some in this family have been 
shown to negatively affect plant development, Rhizobium (a member of 
Rhizobia) contribute to plant nutrition through nitrogen-fixation.

 Species: Includes such species as Rhizobium leguminosarum and Rhizobium lentil. 



The cross-inoculation groups include:

 Clover groups - R. trifolii infects and nodulates plants of genus 
Trifolium (clovers/trefoil)

 Alfalfa groups - R. meliloti infects and nodulates the roots of 
medicago, melilotus and medicago

 Bean group - R. phaseoli infects and nodulates plants of genus 
Phaseolus (e.g. beans)

 Lupine group - R. lupine nodulates lupines and serradella
(Ornithopus)

 Pea group - R. leguminosarum infects and nodulates pea, sweet 
pea, lentil, and vetch

 Soybean group - R. japonicum nodulates Glycine such as soybean

 Cowpea group - Rhizobium sp. nodulates cowpea, pegionpea, 
lespedza, groundnut and kudz among a few others.



Some of the characteristics of the bacteria include:

 They appear as elongated rods when viewed under the microscope

 They posses several flagella on their polar end. This allows them to move from

one location to another

 They are aerobic.

 There are various strains of the bacteria some of which have granules

 They are Gram-negative bacteria

 Apart from various types of carbohydrates, the bacteria also uses nitrates and

nitrite, ammonium salts and various amino acids



Infection

 Rhizobium species like R. leguminosarum can be found in soil. 

However, the root of leguminous plants (lentil, sweetpea etc) is their 

primary habitat. 

 In the soil, various leguminous plants release various exudates 

(dicarboxylic acids etc) that attract Rhizobium species. 

 Flavanoids have also been shown to play an important role 

attracting the bacteria given that they are easily absorbed through 

the membrane of the organisms (passively).

Once the bacteria detect these chemicals, they actively swim 

towards and attach to the legume root.



 In addition to attracting the bacteria, these chemicals (flavanoids in particular) 

also play an important role of activating genes involved in producing Nod 

factors.

 then, attraction to the legume roots is followed by transcription of Nod genes in 

preparation of the symbiotic relationship. 

 For the plant, Nod factors stimulate the branching of root hair, hydrolysis of the 

cell wall as well as deformation of the cell wall. Having attracted the bacteria 

through the exudates, the changes in the plant roots make it easy for the 

organism to enter the cells of the root hair for symbiosis.

 When the bacteria comes into contact with the root hair, they cause the 

plasma membrane of the cells to invaginate. 

 As the bacteria penetrates the cell, the plant produces new cell wall material 

at the site to not only cover the bacteria, but also allowing them to enter 

deeper into the root hairs.



Nitrogen Fixation

 Nitrogen fixation in the nodules begins when the nodules fully

mature.

 nitrogen fixation involves the conversion of atmospheric nitrogen

into organic compounds (particularly ammonia) that can be used

for plant development.

 This process requires two important genes (nif and fix).

 These genes play an important role of producing several crucial

enzymes that are involved in the nitrogen fixation.



The process requires the following:

 Enzymes (dinitrogenase and dinitrogenase reductase)

 ATP energy 

 Atmospheric Nitrogen 

 During nitrogen fixation, the enzyme nitrogenase is involved in the 
breaking of the bonds that hold Nitrogen atoms together (covalent 
bonds). 

 In their atmospheric state, nitrogen molecules are non-reactive given 
that they are bound by covalent bonds. By breaking this bond, the 
Nitrogen atoms are free to form bonds with other atoms. 

 This process (breaking down the covalent bonds) requires a lot of 
energy. 

 Given that Rhizobium bacteria are not capable of making their own 
food for energy, they rely on the plant (in the rhizospere) to provide 
sources of energy. 



 By using energy sources from the plant, the bacteria gains sufficient energy

that makes it possible for the enzymes to break down Nitrogen molecules into

Nitrogen atoms.

 Nitrogenase enzyme is oxygen sensitive.

 However, high metabolic activity of the bacteria as well as a diffusion barrier

developed at the nodule periphery help protect the enzyme from the high

level of oxygen.

 Nitrogen fixation in the nodules takes place while the Nitrogen molecules are

attached to the enzyme.

 While the nitrogen is bound to the enzyme, electrons provided by ferredoxin

make it possible for the Iron protein of the enzyme to be reduced.

 This protein then binds to the ATP, which in turn causes molybdenum-iron

protein (also a component of the enzyme) to be reduced



 This reduction provides electrons required to break down the Nitrogen

molecules and produce a compound known as Diimide ((NH)2).

 The process is repeated two more times which further reduces the Diimide into

two ammonia molecules.

 The process is represented as follows:

 N2 + 8H + 8e- + 16Mg-ATP 2NH3 + H2 + 16MgADP + 16Pi

 The relationship between leguminous plants and Rhizobium bacteria is

referred to as a symbiotic relationship because the bacteria and the plant

benefit each other. While the plant’s rhizosphere provides shelter and a source

of energy for the bacteria, the bacteria converts atmospheric nitrogen to

ammonia which is required for proper growth and development of the plant.



Rhizobium as a biofertilizer

 Nitrogen is one of the most important elements in nature given that
it is used to make various products that plants require for their
development. For instance, using such products as ammonia and
nitrates that are made from nitrogen, plants are able to form the
protein they need for their development.

 While various chemical fertilizers are successfully used to increase
yields, they are also expensive and tend to pollute the environment.
Given that Rhizobium bacteria have a good and beneficial
relationship with various leguminous plants, there has been
increased interest to use them as biofertilizers.

 In small scale scenarios, the inoculation of Rhizobium in various
cereal grains has been shown to help increase yields. This was also
shown to result in an increased uptake of nitrogen thus benefiting
the plants.



 On a large scale, production of the inoculants begins with identifying the 

most effective strain of bacteria through host-specificity. 

 Here, research helps identify the most effective strain of Rhizobium that is 

then cultured for large scale production. 

 During mass culture production, the bacteria is cultured in large flasks 

composed of such carbohydrates as mannitol, arabinose and sucrose 

among others. 

 This helps produce fertilizer products that have been shown to help 

enhance photosynthesis and thus yields such plants as banana and rice 

among others significantly.
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