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Abstract

This review article examines the process of nodulation and nitrogen fixation signaling in
rhizobium symbiotic bacteria due to the importance of the symbiosis of legumes with
rhizobia in all climates in nitrogen fixation. In the roots of host plants, rhizobia initiate the
formation of organs called nodules. The Nod and Nif genes encode the nitrogen-reducing
function of rhizobia. A single strain of rhizobium can infect specific legume species.
Flavonoids secreted by root cells induce Nod genes in bacteria, which then induce nodule
formation. Plant cell membrane proteins surround the bacteroids, these structures known as
symbioses, which may contain multiple bacteria or a single bacteroid, where nitrogen
fixation occurs. A particular legume species may be nodulated by more than one rhizobia
genera. A series of genes in the bacteria control different aspects of the nodulation process.
The specificity of the genes determines which strain of rhizobia infects which legume.
Rhizobia live saprophytically in the soil and approach the roots of a particular plant by either
chemotaxis or electrotaxis. There are a large number of flavones, isoflavones, and related
compounds that differ in their ability to stimulate or inhibit the Nod genes. The Nod A-Nod
B-Nod C genes are found in common among all rhizobia. Alternative plant compounds (such
as Thebaines, Jasmonates, Xanthones, Vanillin, etc.) can induce the expression of the Nod
gene, in which nitrogenase synthesis occurs naturally in nodules shortly after the bacteria
are released from the infection threads. Nodules are divided into two groups based on their
type of development: restricted and indeterminate nodules. The nodule meristem is
distinguished from the outer skin cells, which are short-lived. Indeterminate nodules such as
Alfalfa, Pea, and Clover have a very different structure than restricted nodules, they are
cylindrical and distinct from the inner skin or cortex. In indeterminate nodules, individual
symbioses divide with bacteroids, resulting in individual bacteroids within a symbiosome.

Keywords: Nitrogen fixation, Nodulation, Rhizobium, Symbiotic bacteria
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