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Abstract 
Legume –rhizobium symbiotic association is an 

important biological process. This association is however 

host specific and chickpea is associated with 
Mesorhizobium. Crop domestication has however 
harmed the genetic diversity of various legumes as well 
as the symbiotic rhizobia associated with it. Detailed 
studies on Mesorhizobium spp have revealed varied 
resistance to various environmental hazards which may 
be exploited for rhizobial strain improvement in 

agriculture, crop improvement or  even bioremediation of 
soils. 
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1. Introduction 

 

Legume–rhizobium symbiotic association is a 

biological process of immense environmental and 

agricultural importance as it brings about the 

biological nitrogen fixation i.e. the conversion of 

atmospheric nitrogen into inorganic or organic 

usable forms. This association is however host 

specific, thus differing in each legume. In 

cultivated chickpea (Cicer arietinum), one of the 

oldest cultivated and widely used legumes of the 
world, the micro-symbiont is Mesorhizobium. Crop 

domestication has however harmed the genetic 

diversity of various legumes as well as the 

symbiotic rhizobia associated with it thereby, 

resulting in the loss of some environmentally and 

agriculturally crucial genes (Olsen and Wendel 

2013). Thus there is a need to explore the wild 

germplasm of chickpea for obtaining ecologically 

important traits which not only help the plants in 

adapting to abiotic and biotic stress conditions but 

also facilitate its association with more diverse 
Mesorhizobium strains. This approach is nowadays 

thus being used as an important tool in the field of 

crop improvement. 

 

2. Objective of Research 

 

The present review focuses on the exploitation of 

Mesorhizobium diversity for improving stress 

tolerance of legumes such as chickpea by simply  

 

 

inoculating with specific rhizobial strains thereby 

preventing the huge yield losses due to various 

abiotic stresses to which legumes are exposed 

under natural or field conditions 

 

3. Justification of Research 

 

The review presents an updated knowledge 

regarding Mesorhizobium biodiversity and its use 
in crop improvement, elaborating its scope, 

applications and its advantages over other 

conventional methods. 

 

4. Legume-rhizobium interaction sensitivity   

Legume-rhizobium interaction is sensitive to 

various environmental factors which thus affect its 

nodulation and nitrogen fixation efficiency. The 

following factors have been found to be 

determining the effectiveness of legume-rhizobium 

interaction: 
 

4.1 Temperature sensitivity  

It affects the nitrogenase activity decreases and 

there is a decline in the synthesis of leg 

haemoglobin. The maximum growth temperature 

range for rhizobia from tropical grain legumes has 

been described between 32°C and 47°C (Hungria 

and Vargas 2000). 
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4.2 Salinity stress 

It is another important factor limiting the 

productivity of leguminous crops. Symbiosis may 

be affected by salt in different steps: growth and 

survival of rhizobia in soil, on root colonization, on 
infection and nodule development processes, or on 

nodule functioning Kulkarni 2000). 

4.3 Soil acidity 

It affects rhizobial persistence in the soil and 

rhizosphere of plants, as well as the efficiency of 

nodulation (Ruiz-Dı´ez et al. 2009).Studies with 

various Mesorhizobium strains showed that 

endurance to adverse conditions in culture medium 
correlates with their symbiotic performance under 

various abiotic stress (Table 1). 

 

 

Table 1: List of some Mesorhizobium strains tolerant to various environmental stresses. 

HEAT 

TOLERANT  

COLD  

TOLERANT  

SALT 

TOLERANT  

ACIDITY 

TOLERANT  

M. plurifarium  

M. 

thiogangeticum  

M. albiziae  

 M. amorphae 

 M. ciceri 

 M. huakuii 

 M. mediterraneum 

M.tianshanense, Mesorhizobium sp. strain 

MAFF303099  
 M. loti strain R7A 

M. gobiense  

M. plurifarium  

 M. caraganae  

M. ciceri  

 M. chacoense  

M. huakuii  

 M. loti 

 M. plurifarium  

 M.loti strain R7A  

 

5. Mesorhizobium diversity 

First detailed study of Mesorhizobium spp was 

reported by Jarvis et al. (1997) and it was found 

capable of establishing symbiosis various tropical, 

sub-tropical and even arctic legumes (Chen et al., 

2005) Mesorhizobium host range is variable (Table 

2) i.e. may be narrow as in the case of M. ciceri and 

M. mediterraneum or broad as in the case of M. 

plurifarium and M. tianshanense (Nour et al. 1995; 

Chen et al., 2005). 
 

The described Mesorhizobium species number is 

30, out of which all except 1 (M. thiogangeticum 

isolated from  Clitoria ternatea) were  isolated 

from the root nodules of 15 different legume 

genera (Ghosh and Roy, 2006).Mesorhizobia can  

nodulate a variety of legumes ranging from  small 

pasture legume plants  like Biserrula pelecinus  

trees like  Robinia pseudoacacia or. 

Mesorhizobium spp. mostly nodulate mimosoid 

temperate legumes (Sprent 2009) like Biserrula 

pelecinus, Cicer arietinum (except Chamae crista, 

a caesalpinioid, nodulated by M.plurifarium). 

Recently, M. plurifarium was found capable of 

even nodulating a non-legume Parasponia  

andersonii ((Opden Camp et al., 2012).  

Mesorhizobium’s genetic and phenotypic diversity 

has been very well recorded by various studies. e.g. 
stress tolerance studies on 16 Mesorhizobium type 

strains revealed high diversity in temperature salt 

and pH stress tolerance levels Laranjo and Oliveira 

(2011).Even high diversity among strains 

nodulating the same host  has been recorded e.g. 

Mesorhizhobium  isolated from Prosopis, 

Leucaena, Acacia etc.(Loranjo et al. 2014). 

 

 
Table 2: List of Mesorhizobium spp with their respective hosts 

Mesorhizobium spp. Host 

M. abyssinicae Acacia abyssinica /A. tortilis 

M. albiziae Albizia  kalkora 

M. alhagi Alhagi  sparsifolia 

M. amorphae Amorpha  fruticosa 

M. australicum Biserrula  pelecinus 

M. camelthorni Alhagi sparsifolia 

M. caraganae Caragana  microphylla 

M. chacoense Prosopis alba 

M. ciceri Cicer  arietinum 

M. plurifarium Acacia senegal 

M. qingshengii Astragalus  sinicus 

M. robiniae Robinia  pseudoacacia 

M. septentrionale Astragalus  adsurgens 

M. shonense Acacia abyssinica 

M. shangrilense Caragana bicolor 

M. tarimense Lotus frondosus 

M. tianshanense Glycyrrhiza  pallidiflora 

 



Ph ton                                                                                                                                                                  565                                                                                                                                                               
 

6. Mesorhizobium use in agriculture: chickpea 

improvement  

Tolerant Mesorhizobium strains have been found to 

confer their tolerance traits to the host plants e.g. 

inoculation of chickpea with specific 

Mesorhizobium strains improved its performance 

significantly and following observations (Fig. 1) 

were recorded   

 
Figure 1: Summary of chickpea improvement upon inoculation with tolerant Mesorhizobium strains 

 
 

7. Challenges 

The proposed use of Mesorhizobium spp in crop 

improvement needs to be further extended to other 

legumes as well. Additionally, there is possibility 

of transferring some unwanted and harmful traits as 

well to the host legume which need to be 

eliminated at the earliest thereby demanding 

rigorous testing and evaluation of recommended 

rhizobial strains as well. 

 

Conclusion 

 

Environmental factors such as temperature, soil pH 

and salinity reduce survival and growth of rhizobia 

in the soil and inhibit rhizobia legume symbiosis, 

resulting in lower productivity of legumes (Loranjo 

et al. 2014) .Crop domestication has harmed the 

genetic diversity of various legumes as well as the 

symbiotic rhizobia associated with it thereby, 

resulting in the loss of some environmentally and 

agriculturally crucial genes (Olsen and Wendel 

2013). Thus there is a need to explore the wild 

germplasm of host legumes (e.g. chickpea) for 
obtaining ecologically important traits  which not 

only help the plants in adapting to abiotic and 

biotic stress conditions but also facilitate its 

association with more diverse Mesorhizobium 

strains. The stress tolerance of Mesorhizobium is 

valuable for strain improvement in agriculture or 

bioremediation of soils at elevated temperatures, 

salinity and extreme pH values, and thus is of high 

biotechnological importance, since it is more 

practical and less expensive to select naturally 

occurring tolerant rhizobia strains, than to construct 
genetically modified tolerant strains. 

 

 

Novel and eco-friendly method of crop 
improvement. 

Rules out the need for transgenics, thus no ethical 

debates. 

Detailed evaluation of the feasibility of the 

proposed research. 

Specific and desirable rhizobial inoculation has 

been achieved so far in a few legumes only. 

Deliberate inoculations may quite often yield 

results lesser than expectations or even the transfer 

of non-desirable traits into the specific host. 

 

Recommendations 

 

Elaborate research in this regards is required so as 

to explore a sustainable remedy to fight the 

inevitable abiotic stresses. Other rhizobial strains 

should also be studied and developed for stress 

tolerance and possibility of colonizing a wide range 

of host plants. 
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