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Rhizobia: Culture Collections,
Identification, and Methods of Preservation
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Abstract Across the globe nitrogen is limiting primary productivity. Although
fertilizer nitrogen could supplement soil nitrogen depletion, efforts should be to
augment soil biological nitrogen fixation mediated by microbes. This could be
addressed by conservation and sustainable use of rhizobia that can fix nitrogen in
soil in association with legumes. Rhizobia commonly occur in soils but often fail to
produce effective nodulation either because their population in soil is low or those
present cannot effectively nodulate the particular legume. Rhizobia present in
various ecosystems are considerably diverse; at present 130 species within 15 genera
are reported. Rhizobial inoculation is almost always needed when certain new
leguminous crops are introduced to new areas or when ineffective and incompatible
rhizobia are present in the soils. For this, depository of authentic microbial gene pool
is a must. Culture collection centers act as repository of valuable microbial strains. In
the changing global scenario, these centers are becoming Biological Resource
Centres (BRCs), carry out research, enhance value of strains, and control access to
dangerous microorganisms. For adoption and popularizing use of rhizobium-legume
technology, their isolation, identification, preservation, and deposition in biological
banks are imminent. Moreover, there is a need to identify the compatible rhizobium-
legume symbioses for sustainable agriculture.

6.1 Introduction

The major challenge of modern agriculture is to achieve a food production level
sufficient to feed the rapidly increasing global population. Current world population
of 7.6 billion is projected to reach 8.6 billion by 2030, 9.8 billion in 2050, and 11.2
billion in 2100 (Anonymous 2017). Half of this population will be shared by nine
countries: India, Nigeria, Congo, Pakistan, Ethiopia, Tanzania, the United States,
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Uganda, and Indonesia. Hence, India will be the most populated country. The other
challenges for increasing food production are the sharp decline in cultivable land
area and the increased deterioration of soil health and environmental quality as a
result of intense agriculture practices, particularly since the green revolution of the
1960–1970s (Tilman et al. 2001; Trewavas 2001). High agriculture productivity will
put immense pressure on soil nitrogen (N) and phosphorous (P) demands. Human N
requirements are fulfilled directly or indirectly from plants. Plants acquire N from
(a) soil, through commercial fertilizers, manure, and/or mineralization of organic
matter; (b) from the atmosphere through biological N2 fixation; and (c) minor con-
tributions from other biological processes. However, since the green revolution,
management of N inputs into agricultural system has become a contentious issue. It
is already known that cultivation of legumes can enhance N acquisition and use.
However with the goal of enhanced grain production, increased awareness of organic
production, health issues, importance of biodiversity, and maintenance of soil fertil-
ity, the role of legumes in the sustainable management of N, as well as of P, is
reaffirmed. It has been estimated that properly managed alfalfa (Medicago sativa L.)
in rotation with corn (Zea mays L.) will reduce fertilizer inputs by up to 25%. Further
legume green manures can replace more than 100 kg N ha�1 for the subsequent crop
(Peterson and Russelle 1991). The use of legumes accompanied with good agronomic
practices could save up to 20 TgN year�1. Legumes can be used for reclaiming acid
soils low in P and N, by the incorporation of residues, resulting in higher soil organic
matter content and increased P and N availability. Legumes with low harvest index
also improve P and N sustainability in low technified agriculture. Intercropping
of pigeon pea (Cajanus cajan) with cereals is a proven management strategy for
increasing N and P. Thus, in addition to providing an immediate source of dietary N,
incorporation of pigeon pea residues after seed harvest increases the availability of
P and N, contributing to agriculture sustainability. In another example, the develop-
ment of rhizobial inoculants for low fertility acidic soils of the Brazilian Cerrado has
allowed Brazil to become a leading exporter of soybeans.

In India research on legume crops is being undertaken through All India Coor-
dinated Research Projects (AICRP) of Indian Council of Agricultural Research
(ICAR). There are five AICRPs undertaking research on pigeon pea, arid legumes,
groundnut, soybean, and MULLaRP [mung bean (Vigna radiata), urad bean (Vigna
mungo), lentil (Lens culinaris), lathyrus (Lathyrus sativus), rajma (Phaseolus
vulgaris), pea (Pisum sativum)]. Under the aegis of AICRPs, there is large gene
pool of rhizobia specific to chickpea, lentil, and other legumes from various
agroclimatic regions in India which have been screened for high N2-fixing efficacy
and various plant growth-promoting attributes (www.aicrpchickpea.res.in; www.
icar.org.in/content/aicrps-network-projects). However, there are no records to
prove the submission of these rhizobial isolates in culture collection centers. Simi-
larly Centre for Research on Bacteria and Archaea (CRBA) operational at the
Department of Microbiology, Govind Ballabh Pant University of Agriculture and
Technology, Pantnagar, India, as part of the Ministry of Environment and Forests
funded All India Coordinated Project on Taxonomy during 2000–2012 have char-
acterized and identified rhizobia from nodules of tree (Dalbergia sissoo), medicinal
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(Mucuna pruriens), pulse legumes (Lens culinaris, Cicer arietinum), and spice
legume (Trigonella foenum-graecum). A few rhizobia nodulating Dalbergia sissoo
have been deposited at the culture collection center at IMTECH, Chandigarh, India
(Sahgal et al. 2004). The development of high-quality rhizobial inoculants is not
possible unless the authentic rhizobial strains are available for advanced research,
efficacy trial in fields, and for industrial applications. Thus ex situ conservation of
microbial wealth is essential under Convention on Biological Diversity (CBD).
Hence, establishment of culture collection centers is imminent (Smith 2003).

6.2 Global Directory of Culture Collection

The culture collection centers around the globe are registered under the World
Federation of Culture Collection (WFCC) founded in 1963 and based at University
of Queensland, Australia. In 1972, it published the first printed volume of world
directory of culture collection centers of microorganisms. WFCC has been relocated
in 1986 to RIKEN, Saitama, Japan, and again in 1999 to the National Institute of
Genetics, Japan (Smith 2003; Sly 2010). All the microbial resource centers regis-
tered under WFCC are networked under WFCC-MIRCEN World Data Centre for
Microorganisms (WDCM) (www.wdcm.org). WDCM constitutes the World Direc-
tory of Culture Collections (sixth version, 2014) and has various constituent data-
bases such as CCINFO http://www.wfcc.info/ccinfo/ and STRAIN http://www.
wfcc.info/ccinfo/search/strain_search/. Culture Collections Information Worldwide
(CCINFO) is the directory of all registered culture collection in world, whereas
STRAIN is the database that includes the list of holdings from registered culture
collections. CCINFO allows the search through culture collection centers, whereas
STRAIN allows the search through name and type of strain. Nowadays, there are
728 culture collection centers registered globally. They hold 29,63,164 microbial
cultures, of which 12,20,838 represent bacteria, 8,14,206 fungi 38,002 viruses and
32,128 cell lines (www.wfcc.info/ccinfo/).

6.3 Global Catalogue of Microorganisms

The global catalogue of microorganisms (GCM) is the database of microbial culture
deposits in the collection centers worldwide (gcm.wfcc.info). The main objective of
the GCM is to develop a data bank of information on biological holdings of
registered culture collection centers (s). It provides the description of microbial
strains and a friendly user system to manage and disseminate the information.
Besides, it also provides the information of strains to scientific and industrial
communities for their usage. All WFCC members are required to publish online or
a printed catalogue of microbial holdings with them. However, as per recent
statistics, only 1/6 of the total collection centers registered under CCINFO have
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published their online catalogue. Nonpublication of an online catalogue by all
WFCC members greatly hinders the visibility and accessibility of strains. Only
112 culture collections representing 43 countries or regions have participation in
the GCM (gcm.wfcc.info). From these, only 77 collection centers have rhizobial
culture deposits (Fig. 6.1).

6.3.1 Rhizobial Culture Collections: Past to Present

There is increased interest in Rhizobium research because of its symbiotic biological
nitrogen fixation (BNF). The research on rhizobia and BNF is almost 125 years old.
During this period numerous rhizobial strains have been identified and tested for
nitrogen fixing and plant growth-promoting potential. In spite of being researched
since long, rhizobium/legume technology is not widely used as yet. The major
constraint has been availability of well-characterized and identified authentic cul-
tures. Here comes the importance and role of culture collection centers. They are
depository of authentic rhizobial strains available for advanced research and appli-
cation, as patent deposits and as microorganisms cited in research publications for
confirmation of results.

The status and progress of rhizobial culture collection centers have been reviewed by
Freire and Kolling (1986). The first rhizobial culture collection was established as early
as 1889. Five decades later O.N. Allen established the earliest and largest rhizobial
culture repository at Department of Bacteriology, University of Wisconsin, Australia
(Johnson and Allen 1952). Thereafter several other collection centers were established in
Australia. They are Commonwealth Scientific and Industrial Research Organization
(CSIRO) Cunningham Laboratory, Brisbane (https://www.csiro.au/en/Publications),
and Australian Inoculant Research and Control Service, New South Wales Department
of Agriculture, Melbourne (http://www.dpi.nsw.gov.au/). Several large rhizobial culture
collections are present in South America mainly in Brazil, Uruguay, and Argentina. In
Europe, the largest collections of rhizobium are in Belgium, Bulgaria, Czechoslovakia,
Poland, and the United Kingdom. In Asia, China has the largest repository of rhizobia at
Beijing Agriculture University. The first edition of the World Catalogue of Rhizobium
Culture Collection (1973) listed 3000 strains from 59 collection centers spread over
29 countries, whereas its second edition (1983) listed the same number of strains from
64 repositories in 38 countries. The online printed catalogue is available for 112 collec-
tion centers, of which only 77 centers have rhizobial strain deposits (gcm.wfcc.info). Till
today 15 genera representing rhizobia have been described. They are Aminobacter,
Azorhizobium, Bradyrhizobium, Burkholderia, Cupriavidus, Devosia, Ensifer (earlier
Sinorhizobium) Mesorhizobium, Methylobacterium, Microvirga, Neorhizobium,
Ochrobactrum, Phyllobacterium, Rhizobium, and Shinella (Weir 2016). Within 15 gen-
era, a total of 130 species of rhizobia have been identified (Table 6.1). World over all
rhizobial culture collection centers have several strains that have only genus designation.
They are not yet identified at the species level. The majority of culture collections, of the
77 with online published catalogue, have deposits designated as Bradyrhizobium sp.,
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Mesorhizobium sp., and Rhizobium sp. They have not been assigned species designa-
tion. The strains have been assigned to genus on the basis of alignment of their 16S
rDNA region with that of completely identified strains. To identify species of these
strains, a set of housekeeping genes (two to five) and symbiotic genes (nod, nif, and fix)
must be sequenced and analyzed. The sequence analysis of these genes is used to infer

Fig. 6.1 The list of rhizobial culture collections that have participation in global catalogue of
microorganisms and published online printed catalogue
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the phylogenetic relationship. In these culture collection centers, several strains are still
designated by their former names, such as R. japonicum, R. meliloti, R. phaseoli,
R. trifolii, R. fredii, R. loti, and R. viceae, although they have been reassigned to different
groups.

Fig. 6.1 (continued)
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Table 6.1 Genera of nodulating bacteria along with species described within each genus

Genus Species within the genus

Aminobacter This genus contains only one species Aminobacter anthyllidis

Azorhizobium This genus currently contains two species. Azorhizobium caulinodans,
A. doebereinerae

Bradyrhizobium This genus contains 10 species. Bradyrhizobium canariense, B. cytisi,
B. denitrificans, B. elkanii, B. iriomotense, B. japonicum, B. jicamae,
B. liaoningense, B. pachyrhizi, B. yuanmingense. They are slow growing
bacteria

Devosia This genus contains only one species. Devosiane ptuniae, fast growing
rhizobia

Mesorhizobium This genus contains 31 species. Mesorhizobium abyssinicae, M. albiziae,
M. alhagi, M. amorphae, M. australicum, M. camelthorni, M. caraganae,
M. chacoense, M. ciceri, M. erdmanii, M. gobiense, M. hawassense,
M. huakuii, M. jarvisii, M. loti, M. mediterraneum, M. metallidurans,
M. muleiense, M. opportunistum, M. plurifarium, M. qingshengii,
M. robiniae, M. sangaii, M. shangrilense, M. shonense, M. silamurunense,
M. septentrionale, M. tamadayense, M. tarimense, M. temperatum and
M. tianshanense

Methylobacterium This genus contains only one species Methylobacterium nodulan. Colonies
0.5–1 mm diameter after 4–7 days incubation

Microvirga This genus contains only three species. Microvirga lupine, M.lotononidis
and M. zambiensis

Neorhizobium This genus contains only one species Neorhizobium galegae

Ochrobactrum This genus contains two species. Ochrobactrum cytisi and O. lupine

Phyllobacterium This genus contains three species. Phyllobacterium trifolii, P. ifriqiyense
and P. leguminum

Rhizobium This genus contains 49 species namely Rhizobium alamii, R. alkalisoli,
R. azibense, R.calliandrae, R.cauense, R. cellulosilyticum, R.daejeonense,
R.endophyticum, R. etli, R. fabae, R. freirei, R. galegae, R. gallicum,
R. giardinii, R. grahamii, R. hainanense, R. halophytocola, R. herbae,
R. huautlense, R. indigoferae, R.jaguaris, R. laguerreae, R. leguminosarum,
R. leucaenae, R. loessense, R. lusitanum, R.mayense, R. mesoamericanum,
R.mesosinicum, R. miluonense, R.mongolense, R. multihospitium, R. oryzae,
R. paranaense, R. petrolearium, R. phaseoli, R. pisi, R. tibeticum,
R. sophorae, R. sophoriradicis, R. sphaerophysae, R.sullae,
R. taibaishanense, R. tropici, R. tubonense, R. undicola, R. vallis, R. vignae
and R. yanglingense. They are fast growing bacteria

Ensifer
(Sinorhizobium)

This genus contains 17 species. Ensifer abri, E. americanum, E. arboris,
E. fredii, E.garamanticus, E.indiaense, E. kostiensis, E. kummerowiae,
E. medicae, E. meliloti, E. mexicanus, E. morelense’, E. adhaerens,
E. numidicus, E.saheli, sojae and E. terangae

Shinella This genus contains one species. Shinella kummerowiae

Burkholderia This genus contains seven species. Burkholderia caribensis, B. cepacia,
B. mimosarum, B. nodosa, B. phymatum, B. sabiae and B. tuberum

Cupriavidus This genus contains only one species. Cupriavidus taiwanensis
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6.3.2 MIRCENs’ Culture Collection

In 1974 the concept of the Microbial Resource Centers (MIRCENs) was coined by
the Microbiology Panel of UNEP/UNESCO/ICRO with specific objectives like
(1) world network of regional and interregional cooperating laboratories, (2) efforts
for conservation of microorganisms specifically Rhizobium, (3) technology devel-
opment for strengthening rural economics, and (4) trained manpower. All five
MIRCENs with BNF as the main aim have been established during 1977–1982.
These are the (1) University of Nairobi, Kenya (1977); (2) Porto Alegre, Brazil
(1978), jointly at the Department of Soils, University of Rio Grande do Sul, and
Institute of Agronomic Research, and State Department of Agriculture; (3) NifTAL
at the University of Hawaii (1981); (4) Cell Culture and Nitrogen Fixation Labora-
tory, USDA, Beltsville, USA (1981); and (5) at the Centre National de Recherches
Agronomiques de Bambey, Senegal (1982). All rhizobia MIRCENs hold 4000
strains. The NifTAL MIRCEN has about 2000 strains from 50 countries and
283 legume species. Of these 41 strains are recommended for economically impor-
tant legumes and 55 have been characterized for lesser known potential legumes.
FEPAGRO/UFRGE-MIRCEN has a collection of 700 strains of which 150 are
Bradyrhizobium japonicum. About 106 strains from this collection have proven
high N2 fixation efficiency for 50 legume species. The USDA-Beltsville MIRCEN
has around 1000 strains.

6.3.2.1 NifTAL MIRCEN

Nitrogen fixation of tropical agricultural legume (NifTAL) was established at the
University of Hawaii under United States Agency for International Development
(USAID) contract to promote use of legume-rhizobia technology for increasing food
production in developing countries. It has a collection of 1774 rhizobial strains for
legume cultivated at both high and low elevation in tropics for grains, forage, fodder,
firewood, green manure as cover crop, erosion control, and shade-providing trees.
The rhizobium germplasm resource at NifTAL is a member of WFCC. It contains
complete information for rhizobial strains tested as inoculant for 18 agriculturally
important tropical legumes that were part of the International Network of Legume
Inoculation Trials (INLIT) (NifTAL catalogue of strains 1994).

6.3.3 Rhizobial Repositories in India

6.3.3.1 Indian Type Culture Collection

It is an oldest culture collection established at the Division of Mycology and Plant
Pathology, Indian Agricultural Research Institute, New Delhi in 1936. Indian Type
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Culture Collection (ITCC) is a member of the WFCC and registered as WDCM 430.
The main objectives of ITCC are to act as a repository, to supply authentic fungal/
bacterial cultures as well as identification and provide related services to farmers and
scientists working in research institutions/universities and industries. It has 3800
bacterial and fungal deposits.

6.3.3.2 National Microbial Resource Centre

The Department of Biotechnology (DBT), Government of India, funded national
facility affiliated to National Centre for Cell Science (NCCS), Pune, India. It is a
member of WFCC and is registered as WDCM 930. It was recognized by the World
Intellectual Property Organization (WIPO), Geneva, Switzerland as an International
Depository Authority (IDA) in April 2011. The total fungal and bacterial deposits
including rhizobia at National Microbial Resource Centre (NMRC) (formerly MCC),
Pune, is 15338 and 149314, respectively.

6.3.3.3 The International Crops Research Institute for the Semiarid
Tropics

It is an international organization established in 1972 at Patancheru, India, by the
Ford and the Rockefeller foundations with two regional hubs, Nairobi, Kenya, and
Bamako, Mali. International Crops Research Institute for the Semiarid Tropics
(ICRISAT’s) research agenda is achieved through CGIAR Research Program on
Grain Legumes. The rhizobial strains deposited in the collection are associated to
various drought-tolerant legumes such as chickpea (Cicer arietinum L.), groundnut
(Arachis hypogaea L.), and pigeon pea (Cajanus cajan (L.) Millsp.) The total
deposits in this collection include 819 strains, of which 259 are of chickpea,
150 of groundnut, and 410 of pigeon pea collected from 6 countries including
Niger, Nigeria, Zimbabwe, Malawi, Ethiopia, and Mozambique.

6.3.3.4 National Agriculturally Important Microbial Culture Collection

NAIMCC was established in the year 2004 by the National Bureau of Agriculturally
Important Microorganisms (NBAIM), Mau, Uttar Pradesh India. It is recognized as
one of national repositories of India by the National Biodiversity Authority of India
and has storage facility of 10,000 agriculturally important microorganisms (AIMs).
The AIMs comprising of fungi, bacteria, actinomycetes, and cyanobacteria are being
preserved at National Agriculturally Important Microbial Culture Collection
(NAIMCC). The accessioned microorganisms at NAIMCC are 6327 including
fungi (3809), bacteria and actinomycetes (2327), and cyanobacteria (228). It has
published a Catalogue of Microbial Cultures: Supplement-2014 giving detailed
information on microbial deposits.
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6.4 Authentication

Authentication is the ability of rhizobial isolates to form a nodule on a legume and
fix nitrogen (effectiveness). This is done through in vivo plant infection assays. The
various methods for authentication of rhizobia are described and compiled in a recent
manual (Howeison and Dilworth 2016). The effective nodulation of legume with a
rhizobial strain is a result of genetic compatibility between both partners. This also
gives clue to the host range of a specific strain. Rhizobia host range is often the main
criterion for the release of strain in the field. Nodulation of a legume with rhizobia
may either be effective or noneffective (Terpolilli et al. 2008).

6.5 Identification of Rhizobia

Rhizobia are Gram-negative bacteria present in soil. They are distinguished from
other prokaryotes by the ability to elicit nodules on roots and stems of leguminous
plants and fixing atmospheric nitrogen. Initially one species of legume root-
nodulating bacterium, Rhizobium leguminosarum, was known (Frank 1889). Nearly
five decades later, it was observed that rhizobia considerably differed in the range of
host plants; they could nodulate effectively and thus emerged the concept of cross-
inoculation group in rhizobia. Hence R. leguminosarum (symbiont of peas and
vetches), R. trifolii (clover rhizobium), R. phaseoli (bean rhizobium), R. lupini
(host plant lupin), R. japonicum (nodulated soybean in Japan), and R. meliloti
(sweet clover) were identified and described (Fred et al. 1932). Another 50 years
later, Jordan proposed that growth rate and biochemical properties along with host
range should be the basis of taxonomy (Jordan 1982). Hence second rhizobial genus,
Bradyrhizobium, was described, and R. leguminosarum, R. trifolii, and R. phaseoli
were amalgamated into single species R. leguminosarum with three different
“biovars” denoting their symbiotic preferences. Since then emerged the concept of
polyphasic taxonomy which is currently followed for identification of rhizobia.
Consequently, till date 15 genera (13 in α-proteobacteria and 2 in β-proteobacteria)
of rhizobia with 120 species have been described (Table 6.1). Since authentication of
rhizobia for nodulation and nitrogen fixation on legume plant is the key step prior to
their identification. Thus the concept of symbiovar (earlier biovar) is still useful.

6.5.1 Polyphasic Taxonomy of Rhizobia

In the 1990s the concept of defining prokaryotic species using the combination of
phenotypic, biochemical, and genotypic methods, collectively known as polyphasic
taxonomic approach, emerged. Almost a decade later in 2002, the International
Committee on Systematics of Prokaryotes (ISCP) defined prokaryotic species as a
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collection of strains that have phenotypic and/or morphological similarity; genome
similarity of >70% in DNA–DNA hybridization; GþC content similarity, as indi-
cated by melting temp of DNA within 5 �C; and less than 3% divergence of 16S
rRNA sequence (Stackebrandt et al. 2002). The description of any novel prokaryotic
species must be first published in the International Journal of Systematic and
Evolutionary Microbiology (http://ijs.sgmjournals.org/). For rhizobia, polyphasic
taxonomy has been used by several workers (Graham et al. 1991; Vandamme et al.
1996) and is overseen by the ICSP Subcommittee on the taxonomy of Rhizobium and
Agrobacterium (Lindström and Young 2011). Under this scheme, the species desig-
nation to rhizobia is based on the combination of morphological, biochemical,
physiological, and genetic fingerprinting methods, along with host range for nodula-
tion. The genotypic fingerprinting is performed using several techniques, viz.,
restriction fragment length polymorphism (RFLP), pulse-field gel electrophoresis
(PFGE), PCR-fingerprinting, and gene sequencing. The sequence analysis of 16S
rRNA gene has been used in phylogeny and taxonomy of rhizobia, but this does not
reflect the symbiotic features including legume host range. Moreover, there are
multiple copies of the 16S rRNA gene, with up to 5% intragenomic differences
(Kampfer and Glaeser 2012); the 16S rRNA gene sequence is highly conserved and
has ability to resolve closely related strains but only up to genus level, and it is also
vulnerable to horizontal gene transfer (Willems et al. 2001; Gevers et al. 2005).
Stackebrandt and co-workers (2002) have proposed the16S–23S rRNA ITS region
and genes located in the core genome (housekeeping) as alternative phylogenetic
markers. According to them, at least five housekeeping genes are necessary for
reliable taxonomy. Although housekeeping genes have evolved at a rate faster than
the 16S rRNA, they are considerably conserved to retain genetic information. The
housekeeping genes frequently used in taxonomic characterization are dnaK, dnaJ,
glnA, gyrB, gltA, glnII, recA, rpoA, rpoB, and atpD (Menna et al. 2009; Menna and
Hungria 2011; Azevedo et al. 2015). There are several criteria for selecting house-
keeping genes for MLSA such as that they should be (1) present in single copies in a
genome; (2) distributed throughout the genome, spaced by distance of at least 100 kb
between two genes; (3) with nucleotide length sufficient for sequencing; (4) carry
information sufficient for the analysis; and (5) be broadly distributed among taxa. The
combination of genes for use in taxonomic analysis is also important and should be
carefully selected. The increased use of MLSA with rhizobia suggests that it may
soon be an accepted tool to define new species. It is further proposed that 94–96%
identity for multilocus sequences may replace the 70% homology in DNA–DNA
hybridization. In case of rhizobia, analysis of nodulation (nod) and nitrogen-fixing
(nif, fix) genes can provide the information on evolution of the symbioses and its host
range for nodulation.

Since whole genome sequences for bacterial species are available, average nucle-
otide identity (ANI) of the whole genome has also been increasingly used for the
identification of novel species (Konstantinidis and Tiedje 2005a, b, Ormeño-Orrillo
et al. 2015). For the genome comparison, 94% identity of the shared genes between
two strains would be equivalent to the 70% level of DNA–DNA hybridization. This
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criterion might be reevaluated as more rhizobial genomes are sequenced and avail-
able for analysis.

6.5.2 Criteria for Description of Rhizobia

Taxonomy includes three elements: characterization, classification, and nomencla-
ture. The characterization of one strain is a key step in prokaryotic systematic and
precedes classification and nomenclature. Over the past century, characterization
methodologies have considerably improved. Presently, both modern and traditional
methods are used for assigning a strain to a taxon. The scheme of currently available
methods for characterization of the strain comprehensively has been outlined by
Tindall and co-workers (2010). The scheme of tests for rhizobial species demarca-
tion is as follows:

1. Number of strains used to describe a new rhizobial species. The new strain
descriptions are preferentially based on a minimum of at least three different
isolates as revealed by IGS-PCR RFLP, rep-PCR, and AFLP fingerprints or
sequence data. Sampling should be made from different ecological settings, and
more than 12 isolates should preferentially represent each ecological setting.
Hence, new species descriptions based on a single isolate are strongly
discouraged!

2. Number and type of molecular markers. The high-resolution molecular typing
method appropriate to reveal diversity within species (i.e., rep-PCR or AFLP
genomic fingerprints) combined with MLSA of at least three protein-coding loci
should be used. For rhizobia it would be appropriate to generate full-length 16S
rDNA sequences for a few carefully selected strains, along with the partial
sequencing of three protein-coding loci (e.g. glnII, recA, and rpoB) and at least
one symbiotic (nifH, nodA, and nodC) locus.

3. Group of phenotypic tests. New isolates should be screened for host range in vivo
which gives insights on biovars and symbiotic varieties. Other commonly used
and potentially relevant attributes are pH and temperature growth range, salt
tolerance, growth on different C and N sources, as well as antibiotic resistance
profiling and fatty acid methyl ester analysis (FAME). The selection of pheno-
typic and chemotaxonomic tests is based on the niches from where isolate(s) was
recovered.

4. DNA–DNA hybridization vs MLSA. For delineation of species, a thorough MLSA
must be combined with key phenotypic tests. They should further be supported by
full-length 16S rDNA sequencing of the type strain and two other strains, along
with DNA–DNA hybridization data. DNA–DNA hybridization has been increas-
ingly replaced by MLSA and genomic comparisons (ANI).
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6.5.3 Classification of Rhizobia on Plant Host Range
for Nodulation

Rhizobia are characterized by inherent ability to nodulate legume plants effectively.
Another characteristic property of rhizobia is host specificity. At genetic level host
specificity is determined by nodulation (e.g., nod, rhi) and nitrogen fixation ( fix, nif)
genes that form accessory genome and/or present on plasmids. The stable taxonomy
is based on “core” or housekeeping genes. Hence, bacteria of same species can have
different host specificity. The host specificity or symbiotic preferences in rhizobia
were denoted through biovar description (Jordan 1984). In subsequent years several
biovars have been described within rhizobia (Table 6.2). Biovars can be differenti-
ated on the basis of different biochemical and physiological properties. Considering
the polyphasic taxonomy, in rhizobia the biovar must be supported with sequence
data of symbiotic genes. Thus the use of “symbiovar” is more appropriate to reflect
symbiotic preferences of a particular rhizobium species (Rogel et al. 2011).

6.6 The Need to Preserve Cultures

Preservation of the cultures in a genetically stable form is highly important, as
experimentation with strains of rhizobia can last for many decades. It has been
more than 100 years since the first bacteria from the nodules were isolated, and
several decades have elapsed since the symbiosis was scientifically understood, yet
very few rhizobial cultures are available for exploitation. The probable reason is that
strains were commonly stored on agar. Agar slope-borne cultures have a relatively
short shelf life. For this reason, methods for long-term preservation of valuable
cultures are required to ensure survival over long period of inattention.

6.7 Methods of Preservation

The main goal of any method of preservation is to maintain the purity and viability of
the culture for the longest duration possible. In addition, the method should be easy
to implement, of low cost, and easily accessible (Romeiro 2001). The requirements
for short-term storage after the strain has been isolated from a nodule and passed
through the purification process and long-term storage to preserve the integrity of the
strain after authentication are different. A short-term system is based on agar or
glycerol storage (with strains labelled with a temporary code) and long-term preser-
vation (freeze-drying or lyophilization) after authentication (Table 6.3). The strains
may lose desirable properties during storage or after repeated subculture. Hence,
storage methods must be such that minimize the opportunity for variation or
mutation besides keeping cultures viable for long duration. Several methods are
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Table 6.2 Description of different biovars within rhizobial species and their legume host

Biovars Rhizobial species Legume host References

acaciae S. terangae
S. sahelense
S. meliloti

Acacia
Acacia
A. tortilis

Lortet et al. (1996)
Haukka et al. (1998)
Ba et al. (2002)

acaciellae S. chiapanecum
S. mexicanum

Acaciella angustissima
A. angustissima

Rogel et al. (2011)

biserrulae M. opportunistum Biserrula pelecinus Nandasena et al.
(2007)

ciceri M. amorphae
M. tianshanense
M. ciceri
M. mediterraneum
S. meliloti

Cicer arietinum
C. arietinum
C. arietinum
C. arietinum
C. arietinum

Rivas et al. (2007)
Rivas et al. (2007)
Nandasena et al.
(2007)
Nour et al. (1995)
Maatallah et al.
(2002)

gallicum R. gallicum
R. giardinii

Phaseolus vulgaris, Leucaena
leucocephala
P. vulgaris, L. leucocephala

Amarger et al.
(1997)
Amarger et al.
(1997)

genistearum B. japonicum Genisteae, Loteae Vinuesa et al.
(2005)

giardinii R. giardinii P. vulgaris, L. leucocephala Amarger et al.
(1997)

glycinearum B. japonicum Glycine Vinuesa et al.
(2005)

lancerottense S. meliloti Lotus lancerottense Leon-Barrios et al.
(2009)

medicaginis S. meliloti Medicago laciniata Villegas et al.
(2006)

mediterranense S. fredii
S. meliloti

P. vulgaris
P. vulgaris

Mnasri et al. (2007)
Mnasri et al. (2007)

meliloti S. meliloti Medicago sativa,
M. truncatula

Villegas et al.
(2006)
Mnasri et al. (2007)

mimosae R. etli P. vulgaris, L. leucocephala,
Mimosa affinis

Mnasri et al. (2007)
Wang et al. (1999)

officinalis R. galegae Galega officinalis Radeva et al. (2001)

orientalis R. galegae Galega orientalis Quispel (1988)

orientale R. mongolense, Rhi-
zobium spp.

Medicago ruthenica,
P. vulgaris

Silva et al. (2005)
Amarger et al.
(1997)

phaseoli R. gallicum P
R. giardini
R. leguminosarum
R. etli
R. phaseoli

P. vulgaris
P. vulgaris
P. vulgaris
P. vulgaris
P. vulgaris

Amarger et al.
(1997)
Amarger et al.
(1997)
Jordan (1984)
Segovia et al.
(1993)
Ramírez-Bahena
et al. (2008)

(continued)
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available for the preservation of bacterial cultures such as immersing in mineral oil,
ordinary freezing, drying, in situ preservation in soil, in sterile distilled water
(SDW), glycerol, synthetic polymers, liquid nitrogen, and lyophilization (van
Elsas 2001; Campos et al. 2004; Denardin and Freire 2000; Fernandes Júnior et al.
2009). Carboxymethyl cellulose (CMC) and glycerol are commonly used for pre-
serving bacterial cultures. Carboxymethyl cellulose (CMC) is cellulose-derived ester
and a highly hygroscopic and viscous polymer, nontoxic to humans (Sanz et al.
2005). Glycerol is a cryoprotectant commonly used as osmoregulator in freezing
processes (Campos et al. 2004).

Table 6.2 (continued)

Biovars Rhizobial species Legume host References

sesbaniae S. terangae
S. sahelense
Agrobacterium sp.

Sesbania
Sesbania
Sesbania

Lortet et al. (1996)
Lortet et al. (1996)
Cummings et al.
(2009)

trifolii R. leguminosarum
R. leguminosarum

Trifolium
Vicia sativa

Jordan (1984)
Jordan (1984)

viciae R. fabae
R. pisi

Viciafaba
V. sativa

Tian et al. (2008)
Ramírez-Bahena
et al. (2008)

Table 6.3 Cell viability of various methods for preserving rhizobia

Methods Characteristics and conditions
Period of
viability

Agar slopes YEMA, stored at 5–7 �C
Low cost and transfer is simple

1 year

Agar slopes covered with
mineral oil or paraffin wax

As above. In addition the agar slopes were covered
with sterilized mineral or paraffin oil

2 years

Porcelain beads Suspension of rhizobium cells is poured on
sterilised porcelain beads, air dried and kept in a
tube with dehydrated silica. Stored at 5–7 �C

2 years

Soil, peat or clay The material is finely ground, corrected for chemi-
cal properties and sterilized. The culture to be stored
is inoculated into the measured amount of soil, peat
or clay. Stored at 5–7 �C

2–4 years

Freezing Storage in temperatures ranging from �70 to
�190 �C in deep freeze or liquid nitrogen. Viability
depends on the culture medium; freezing speed,
freezing temperature, type of cryoprotectant used

Months to
several
years

Lyophilization Viability depends on the physiological state of the
culture, cell concentration, and medium and lyoph-
ilization rate; can be kept at room temperature for
decades but little information available

Several
decades

(Source: modified from Hungria et al. 2016)
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6.7.1 Storage on Agar Slopes

1. Select preferred growth medium (yeast extract mannitol agar or tryptone yeast
agar). Heat to dissolve the agar and ensure it is thoroughly mixed.

2. Dispense mixture with a screw-capped bottle or test tube to fill 33% of the volume
(i.e., 10 into 30 ml McCartney bottle or 1 into 3 ml plastic vial).

3. Place the bottles and tubes into autoclavable basket. After autoclaving place the
bottles and tubes at an angle of 45–60 �C until set.

4. Take a loopful of culture, and streak across the surface of agar slope, allow
growing until visible.

5. Store at 5–7 �C.
6. Alternatively cover the agar slope with sterile paraffin or mineral oil to decrease

the rate of desiccation.

6.7.2 Storage on Porcelain Beads

1. The desiccated silica gel is placed in the autoclavable vial occupying up to 30% of
the volume. The vial is covered with cotton wool, topped with cleansed porcelain
beads.

2. The vial is screw capped on loosely then autoclaved.
3. The culture is grown in selected liquid medium to visible turbidity. Alternatively,

culture suspension is prepared by washing from solid medium with diluents.
4. Transfer the sterilized beads aseptically to broth culture in the tubes and re-plug.

Allow the beads to soak for 1–2 h. The beads impregnated with rhizobia culture
are placed into storage tubes aseptically; replace and tighten the caps; store at
5–7 �C. The tubes are observed for moisture. If silica gel becomes pink or
colorless, either too much moisture was absorbed during transfer or there is an
improper seal permitting entry of moisture.

5. For reviving a culture, one bead is removed and dropped into a yeast mannitol
broth medium. This is allowed to grow till visible turbidity is observed; a loopful
is then streaked on YM agar with bromothymol blue (BTB) or congo red
(CR) indicator dye to check purity.

6.7.3 Long-Term Preservation

(a) Lyophilization
This method allows removal of moisture from the culture sample without
concurrent change in their physiological, biochemical, or genetic properties. It
is based on the principle of removing moisture from culture under strong
vacuum; the evaporation of moisture results in drop of the temperature.
Although cultures are desiccated, cells in sufficient numbers survive. Freeze-
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drying of cultures is carried out in two stages, primary stage where 90–95% of
the water is removed and secondary stage where additional 4% of water is
removed; retention of 1% of water is essential for survival of bacteria. This is
achieved by suspending the cells in medium that will not permit complete
removal of water. For example, a 50–50 mixture of 10% w/v peptone with
10% w/v Na-glutamate or 5% w/v peptone with 10% w/v sucrose is used.
Cultures are then sealed in glass ampoules under very low vacuum. Various
cryoprotectants such as dimethyl sulfoxide, glycerol, albumin, skim milk, and
peptone (Hubálek 2003; Day and Stacey 2007) are used.

(i) Preparation of Ampoules

1. Glass ampoules, dimensions 4 mm � 50 mm open at one end, are made
of high-quality glass.

2. A small cotton wool swab is placed at the bottom of the tube with the
help of inoculating loop. Then the labels are placed into ampoules above
the cotton wool, plugged with non-absorbent cotton wool and
autoclaved at 121 �C for 30 min.

(ii) Preparation of Cultures

1. The rhizobial strains are grown in the preferred agar medium to check
for purity.

2. Dispense 2 ml of the lyophilization mixture (e.g., 1:1 mixture of 50%
peptone and 10% Na-glutamate) into screw-capped vials and autoclave.

3. A loopful of the rhizobial strain is added into the cooled lyophilization
mixture, and lid replaced and vortexed. Alternatively, take 1 ml of a
broth suspension of rhizobia and mix well into the lyophilization
medium.

4. The suspension (0.1 ml) is transferred to the ampoule using a sterile
pasture pipette. Usually per strain 10 ampoules are prepared. If less than
0.1 ml culture suspension is added, then primary drying process can be
omitted.

5. The cotton wool plug is pushed halfway down the ampoule, below the
constriction point, to close the vial and protect the culture during the
lyophilization process.

(iii) Primary Drying Process

1. Turn on the lyophilizer, introduce the ampoules, and follow the manu-
facturer’s instructions. The first drying stage (90–95% of dehydration)
usually takes about 90 to 120 min in most lyophilizers.

(iv) Ampoule Constriction

1. After the culture is lyophilized, ampoules are constricted in the middle
above the inserted plug by gently turning ampoules while holding the
center point over a flame, allowing the glass to melt.
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2. During the process ampoules are rolled. Consequently glass flows into
the middle of the ampoule. At this point ampoule is removed from the
flame while continuing to gently stretch the middle section. The
ampoules are not sealed during this process.

(v) Secondary Drying

1. Constricted ampoules are applied to a manifold by pushing over into
rubber sleeve so that they are held tightly.

2. The vacuum is started again, and drying is continued for approximately
1 h until a vacuum reaches 6.7 pascals. Drying over a desiccant, for
example, phosphorus pentoxide, is done for the removal of remaining
moisture. It is noteworthy that phosphorus pentoxide is poisonous.

3. Once the vacuum has been achieved, ampoules may be sealed by
holding a flame to the constricted part of the ampoule. After the narrow
neck has melted, ampoule is held at the end and twisted, so that it is
separated from the top half of the ampoule.

4. The ampoules should retain a vacuum. The vacuum within sealed
ampoule is checked using a high-frequency spark tester. If correct
level of vacuum is present, a faint glow like a neon light appears inside
ampoule.

5. Viability of cell should be ascertained in at least one ampoule per culture
per batch immediately

(vi) Recovery from Lyophilized Ampoules

1. Break the ampoule by hitting the glass above the cotton plug with a steel
file, heat the score mark, and gently bend the glass allowing it to crack.

2. The cotton from ampoule is removed with sterile forceps, and
0.1–0.3 ml growth medium or lyophilizing mixture is added with a
micropipette.

3. Homogenize and transfer a drop or two to a Petri plate containing
growth medium. Spread and incubate at optimum temperature for
growth.

(b) Cryopreservation
It is the process of maintenance of living organisms at low temperature

(�80 �C or below) so that they survive thawing. Generally at �80 �C temper-
ature, the viability of cultures decreases with time. For long-term preservation,
bacteria should be stored at temperature below �140 �C (OECD 2007). For
preservation, rhizobia are grown in glycerol-peptone medium (Gerhardt et al.
1981).

(i) Preparation of Glycerol Stock
Method 1

1. The pure culture is inoculated into liquid glucose-peptone broth till log phase
is achieved.
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2. 150 μl of sterile 80% (v/v) glycerol is added to the cryotube. The final volume
is made up to 1 ml by adding broth culture and mixed thoroughly.

3. The temperature of the tube is decreased at a rate of 1.0 �C per minute till it
reaches �50 �C and then stored at the final temperature.

Method 2

1. The glucose-peptone medium without indicator dyes is mixed with 80% v/v
glycerol in the ratio 85:15 (final concentration ¼ 12% glycerol) and autoclaved.

2. The above mixture is dispensed into sterile cryotubes (1–2 ml).
3. Add loopful of culture from solid agar after confirming purity to the cryotube, and

vortex to suspend the culture.
4. Alternatively the cryotubes can be dipped into liquid nitrogen allowing a rapid

drop of temperature.

Method 3

1. The glycerol cell suspensions may also be added to vials containing small sterile
glass beads. The excess liquid is removed; the beads get coated with cell
suspensions. For revival, individual coated beads are removed and inoculated
into the standard medium.

Method 4

1. The glucose-peptone medium without indicator dyes is mixed with 100% glyc-
erol in the ratio1:1.

2. The loopful of culture is inoculated into glucose-peptone broth (10 ml) in a test
tube and grown till log phase is attained.

3. Now the mixture of glucose-peptone broth and glycerol, 4.5 ml in 10 ml of log
phase culture broth is added and thoroughly mixed. The mixture is transferred to
cryotubes in aliquots of 1 ml each. The cryotubes were labelled properly and
stored at �80 �C

(c) Revival of Preserved Cultures
The preserved cultures should be checked every 5 years.

1. The frozen cultures should be kept on ice, if they are to be returned to cold
storage or deep freezer.

2. A loopful of frozen culture is transferred on to agar plate with the help of
warm sterile loop.

3. Once thawed, the culture is streaked on to the plate. The purity is checked for
which the cultures should be streaked till single colonies appear.

4. The growth of rhizobial cultures streaked from frozen stocks may be slower
and required longer incubation period than those streaked out from routine
slopes or plates. There can be loss of nod character during storage/frequent
transfers.
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6.8 Conclusion and Future Scenario

There is network of 728 culture collection centers registered under WFCC-MIRCEN
and coordinated by WDCM and of these 77 have published online catalogues. The
Convention on Biological Diversity and Budapest Treaty has been adopted globally.
The use and peruse of rhizobium-legume technology is well established. Although
advent and advancement of sequencing techniques have led to increased number of
rhizobial strains being described and identified, till date 130 rhizobial species have
been described. However, for rhizobia plant infection, tests are very useful and
relevant. Presently, hundreds of rhizobial strains have been recovered, explored,
exploited, and preserved. But still 90% of the legumes spread across the globe
remain to be explored for their microbial partner. More and more microbial repos-
itories should be established around the world especially in regions that are hotspots
of biodiversity.

Biogeographically India has characteristic elements from all three realms—Afro-
tropical, Indo-Malayan, and Paleo-Arctic realms. Therefore it harbors 2 of the
18 hotspots of biodiversity spread across the globe. These include floristically rich
areas of Northeast India, the Western Ghats, northwest Himalayas, and the Andaman
and Nicobar Islands. Considering rich biodiversity, very few culture collection
centers are established across India, and only six have published online catalogues.

The exploration of legumes for their microbial partner, its characterization,
description, and conservation should be taken up exhaustively and systematically
so that we do not lose out rich biodiversity. This will further help in strict imple-
mentation of the Convention on Biological Diversity.
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