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Abstract 

 

Biological nitrogen fixation (BNF) is carried out by free-living, non-symbiotic, associative and symbiotic 

nitrogen fixing bacteria, symbiotic fixers being the major contributors. Legume- Rhizobium association 

being most effectively and widely studied is the major area of concern with regard to BNF technology. The 

symbiotic association between legumes and rhizobia is highly influenced by various environmental factors, 

temperature being the most important one. The growth and survival of rhizobia in soils and their symbiotic 

association with leguminous plants are adversely affected by high soil temperatures. Therefore, the 

potential benefit of legume - Rhizobium association is not fully exploited when soil temperatures become 

limiting, as is generally seen in tropical and subtropical regions, where the temperatures rise beyond 45
o
C 

in the uppermost layers of the soil during the summer season. Isolating/ selecting temperature- resistant/ 

tolerant strains of rhizobia is, therefore, necessary before establishing inoculant production for these 

regions. The present review is aimed at understanding the effect of high temperature on Rhizobium-legume 

symbiosis; and at exploring the on-going efforts being employed for the management of this adverse effect.  

  

Keywords: Symbiosis, Rhizobium, temperature tolerant strains, biochemical characteristics, symbiotic 

characteristics. 

  
1. Introduction 

 

Rhizobia-legume symbiosis is the most efficient 

system which accounts for almost 40% of all 

biologically fixed nitrogen (Yadav, 2008), which 

is estimated at 70 million tones per annum 

(Brockwell et al., 1995). Thirteen genera of 

rhizobia namely Rhizobium, Bradyrhizobium, 

Ensifer, Azorhizobium, Mesorhizobium, 

Methylobacterium, Burkholderia, Cupriavidus, 

Devosia, Herbaspirrilum, Ochrobactrum, 

Phyllobacterium, and Shinella fix atmospheric 

nitrogen in the root nodules of legumes under 

microaerobic conditions (Miklashevichs et al., 

2001; Yadav, 2008). The importance of rhizobia 

lies in the fact that among the legumes infected 

by these bacteria, are included some of the 

world’s most important pulse crops. Various 

legume crops such as pigeon pea and cluster 

bean nodulate poorly in the arid and semi-arid 

tropical regions. Nodulation of a legume crop 

under field conditions depends upon the presence 

of sufficient number of appropriate rhizobia, 

their multiplication and colonization of root 

zone, and establishment of an effective 

symbiosis with the host legume. Temperature is 

one of the major factors affecting rhizobial 

growth, survival in the soil and the symbiotic 

process itself (Boonkerd and Weaver, 1982; 

Dudeja and Khurana, 1989b; Al-Falih, 2002; 

Niste et al., 2013). In the tropics and sub-tropics, 

soil temperatures may reach up to 40-60°C and 

inoculants may be exposed to temperatures 

ranging from 30-50°C for varying lengths of 

time (Ayanaba, 1977). Such high temperatures in 

the surface soils (5-6 cm upper layer), partially 
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or wholly eliminate rhizobia, especially if the 

exposure period is prolonged. Prevalence of high 

root temperature adversely affects root hair 

formation, adsorption of rhizobia and nodulation 

in the host plant (Dudeja and Khurana, 1989a). 

High temperature also alters the pattern of cell-

surface component (EPS & LPS) secretion by 

rhizobia, which in turn negatively affects the 

nodulation and the process of nitrogen fixation. 

Thus, it is observed that almost all the stages of 

legume-Rhizobium symbiosis are adversely 

affected by high temperatures.  

Different species and strains of rhizobia 

differ in their tolerance to high temperature 

(Karanja and Wood, 1988). It has been reported 

that the effect of root temperature on nodulation 

and nitrogen fixation in legumes can be modified 

by the strain of Rhizobium or the host species 

and cultivars within the species (Gibson, 1967; 

Day et al., 1978). The ability of rhizobia and 

bradyrhizobia to grow under culture conditions 

at high temperatures have been found to be 

related to the ability of nitrogen fixation under 

temperature-stress conditions (Munewar and 

Wollum, 1981b). Selection or isolation of strains 

for temperature tolerance has, therefore, been 

suggested as a means of overcoming temperature 

stress. Therefore, pure culture screening of 

rhizobial strains for temperature tolerance has 

been proposed as a tool to aid in the selection of 

strains better suited for soil environments where 

high temperature is a limiting factor for 

symbiosis. 

The present review sums up the work 

on selection/ isolation of high temperature 

tolerant strains of Rhizobium; characterization of 

such strains with regard to their cell- surface 

component (exopolysaccharides and 

lipopolysaccharides) secretion; changes in the 

pattern of protein synthesis at high temperature; 

and the effect of high temperature on their 

symbiotic properties. 

 

2. High temperature tolerant/ resistant 

strains 

 

Temperature is a major environmental factor 

which affects the survival and establishment of 

rhizobia both in culture and in the soil. 

Resistance/tolerance to high temperature is, 

therefore, a desirable property for rhizobial 

inoculants to be used in tropics, where high 

temperatures at planting time are not unusual. 

Various studies have been conducted to examine 

the growth responses of different Rhizobium 

strains to increasing temperatures; to determine 

the degree of variability among strains to these 

responses; and finally to identify temperature 

related growth characteristics that could be used 

to select temperature tolerant strains. The 

following sections deliberate upon the various 

efforts that have been made in this direction. 

 

2.1 Selection/ Isolation of high temperature 

resistant strains under culture conditions 

 

Efforts for selection of high temperature-tolerant 

strains have been reported as early as in 1959, 

when Bowen and Kennedy (1959) tested several 

strains belonging to different cross- inoculation 

groups of Rhizobium and found that only a few 

strains could grow at 42.5°C, whereas, most of 

the strains were found to be unable to grow 

above 35.6°C. Graham and Parker (1964) tested 

six strains of Rhizobium japonicum for their 

temperature tolerance, and found that none were 

able to grow at 39°C. In contrast to the above 

mentioned reports, Marshall (1964) observed 

that Bradyrhizobium japonicum and Rhizobium 

lupini were relatively resistant in a dry sand 

maintained for 5 h at 70°C; and rhizobia 

nodulating Medicago survived for 32 h at 60°C 

in a dry soil, however these did not survive for 5 

h at 55°C in moist soil (Wilkins, 1967). 

Similarly, Iswaran et al. (1970) observed a rapid 

death of a strain of Bradyrhizobium japonicum in 

soil at 40°C. Thus, a few strains of rhizobia 

capable of tolerating high temperature for a short 

duration were reported in earlier studies, but 

none of these could tolerate high temperature for 

prolonged periods. Day et al. (1978) attributed 

the failure of cowpeas to nodulate at 42°C to the 

decreased survival of inoculated strains.  

 Another aspect that attracted the 

attention of several groups of scientists during 

studies being conducted for isolation/ selection 

of temperature tolerant strains was that a 

relationship exists between temperature tolerance 

and geographical origin. It was suggested by 

Ahmad et al. (1981) that rhizobial strains 

isolated from hot areas might be able to survive 

at high temperatures better than the strains 

isolated from cooler regions. This fact was 

further established in several strains of 

Rhizobium nodulating cowpeas (Vigna 

unguiculata) (Hartel and Alexander, 1984). They 

tested several strains of Rhizobium capable of 

nodulating cowpeas for their ability to tolerate 

desiccation and high temperature in soil and 

found that cowpea rhizobia from hot, dry regions 

were more temperature and desiccation tolerant 

than strains from cooler and humid regions, thus, 
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suggesting that temperature and desiccation 

tolerance of rhizobia may be used as useful 

criteria for selection of inoculants in areas 

subjected to temperature-stress conditions. But, 

Munevar and Wollum (1981a) contradicted these 

findings by observing that 42 strains of 

Rhizobium japonicum, isolated from diverse 

geographical origins, differed in their responses 

to increasing temperatures ranging from 27.4 to 

54.1°C for 96 h. The authors advocated that 

response of different strains to high temperature 

is not related to their geographical origin.  

Thereafter, studies were conducted to 

find out alternate methods for the enhancement 

of temperature tolerance in rhizobial strains. It 

has been reported in a few studies that resistance 

of rhizobial cultures to high temperature could be 

enhanced by starvation of cells, immobilizing the 

cells in calcium alginate, amending the soil with 

clay or immobilization of cells in clay (Abdel 

Gadir and Alexander, 1997). Kulkarni and 

Nautiyal (2000) studied the effects of salt and pH 

stress on the induction of temperature tolerance 

on Rhizobium sp. NBRI330 nodulating Prosopis 

juliflora and found that high temperature (45
o
C) 

was tolerated efficiently by this strain in the 

presence of salt at pH 12, as compared to pH 7. 

Taormina and Beuchat (2001) have reported 

alkaline-stress induced thermotolerance in 

Listeria monocytogenes. Thus, high pH and high 

salt concentrations could be used for induction of 

high temperature tolerance in rhizobia.  

Alternatively, heat inducible 

thermotolerance, a phenomenon whereby cell 

survival at lethal temperatures is significantly 

enhanced by a short pre-treatment at sublethal 

temperatures, has been described for several 

eukaryotic and prokaryotic organisms including 

plants, Drosophila and several bacteria (Hahn 

and Li, 1990). Working on these lines, 

Purushothaman and Vijila (1988) isolated 15 

temperature resistant strains of Azospirillum after 

subjecting several strains to a temperatue of 50
o
C 

for two weeks. More recently, fourteen heat 

resistant/tolerant mutant strains were isolated in 

Rhizobium sp. (Cajanus) by giving a heat shock 

of 6 h at 43°C (Nehra et al., 2007). Out of these, 

12 were heat resistant (surviving and growing 

well at 43°C), whereas two were heat tolerant 

(showing reduced growth at 43°C). All these 

isolates may have the potential for inoculant 

development for hot regions.  

 

2.2 Correlation between growth at high 

temperatures under culture conditions and 

nitrogen fixation  

Several reports suggest that the ability of 

rhizobia and bradyrhizobia to grow under culture 

conditions at high temperatures might be related 

to their ability of nitrogen fixation under 

temperature - stress conditions. Munevar and 

Wollum (1981b) observed that decrease in the 

number of nodules per plant and plant yield with 

increasing temperatures was much less in 

Rhizobium japonicum strains which were 

tolerant to high temperatures as compared to 

more susceptible strains, therefore, concluding 

that the response of different Rhizobium strains 

in symbiosis with soybean plants to increasing 

temperature was related to their response in pure 

culture. Karanja and Wood (1988) screened 41 

strains of Rhizobium phaseoli for their ability to 

multiply at high temperature and obtained eight 

strains that were tolerant to 45
o
C and two strains 

to 47
o
C. Seven strains that were tolerant to 45 – 

47
o
C, lost their infectiveness after incubation at 

high temperature; however, one strain retained 

the ability to nodulate the host legume. Also, 

four strains tolerant to 40
o
C remained infective 

after incubation at that temperature. In another 

study, the results on nitrogen-fixing ability of 

high temperature resistant strains showed that 

they required a higher incubation temperature for 

nitrogenase activity, implying the usefulness of 

such strains at elevated temperatures 

(Purushothaman and Vijila, 1988). Kishinevsky 

et al. (1992) tested three strains of 

Bradyrhizobium for their ability to grow and 

survive at elevated temperature and found that 

two strains were able to survive at 42
o
C. They 

also reported that the sensitivity of the strains to 

high temperature in the laboratory culture was 

correlated to sensitivity of symbiosis at high 

temperature. Similar results were reported by 

Michiels et al. (1994), wherein, they studied the 

effect of high temperature on symbiotic nitrogen 

fixation in a heat-tolerant (CIAT899) and a heat-

sensitive (CNPAF512) common bean-nodulating 

Rhizobium strain and found that CIAT899, in 

contrast to CNPAF512 performed better. 

Similarly, high temperature tolerant strains of 

Rhizobium isolated by Nehra et al. (2007) were 

reported to perform better than the temperature 

sensitive parent strain for all the symbiotic 

parameters. 

 However, La Favre and Eaglesham 

(1986) while working with different strains of 

bradyrhizobia did not observe any correlation 

between the ability of a strain to grow on agar at 

high temperatures and its ability to nodulate at 

high temperatures. Similarly, Moawad and Beck 

(1991) reported that certain heat-tolerant 
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rhizobial isolates from lentil plants which were 

tolerant to 35 to 40
o
C, formed less effective 

symbiosis with their legume hosts. Rustogi et al. 

(1996) also reported that Acacia nilotica 

inoculated with strains tolerant to 40 and 45
o
C 

showed comparable efficacy to temperature 

sensitive strains. Gopalakrishnan and Dudeja 

(1999) screened 19 strains of Rhizobium and 

Bradyrhizobium and selected a thermotolerant 

variant by progressively increasing the 

temperature from 30 to 44
o
C. However, they 

obtained no correlation between the mutant 

having acquired thermotolerance and its efficacy 

to form nodules and fix nitrogen. 

Although reports exist both in favour of 

and against the correlation between 

thermotolerance and nitrogen-fixing efficiency 

of a rhizobial strain; selection/ isolation of 

strains for temperature tolerance is still 

considered as one of the best means of 

overcoming temperature stress.  

 

3. Effect of high temperature on 

biochemical characteristics of high 

temperature tolerant strains 

 

3.1 Cell- surface components 

 

 A complex multistep interaction between 

Rhizobium and specific leguminous plants results 

in induction of nitrogen-fixing nodules on 

legume roots (Rolfe et al., 1981). The cell 

surface glycoconjugants of Rhizobium play an 

important role in determining the specificity of 

this symbiotic interaction between Rhizobium sp. 

and its host legume (Halverson and Stacey, 

1986). Rhizobial polysaccharides consist of 

exopolysaccharides (EPS), lipopolysaccharides 

(LPSs), capsular polysaccharides (CPSs) and 

cyclic β-(1→2) - glucans. All these, specifically 

EPS and LPS, play essential roles in the 

formation of infection thread and in nodule 

development (Kannenberg and Brewin, 1994). 

Bacterial mutants that fail to produce certain 

polysaccharides are substantially impaired in 

their ability to invade developing root nodules 

and thus primarily yield root nodules devoid of 

bacteria and bacteroids (Niehaus and Becker, 

1998).  

 

3.1.1 Rhizobial Exopolysaccharide (EPS) 

production 

 

Exopolysaccharides are widespread and 

abundant extracellular products that either 

accumulate on the surface of the cell as a capsule 

or are sloughed off into the cell’s surroundings. 

Rhizobia are capable of producing two 

functional exopolysaccharides, a succinoglycan 

(EPS-I) and a galactoglucan (EPS-II) (Leigh and 

Walker, 1994). Exopolysaccharides are essential 

for the establishment of a functional symbiosis 

between Rhizobium and its host plant. The 

rhizobia must produce at least one of the two 

types of exopolysaccharides (EPS I and EPS II) 

in a symbiotically active form in order to invade 

root nodules successfully. The symbiotically 

active forms of these polysaccharides may 

function as signals to facilitate the nodule 

invasion process.  

Leigh et al. (1985) isolated 26 Tn5 

insertion mutants of Rhizobium meliloti that were 

deficient in the production of exopolysaccharides 

(Exo
-
) and found that all the mutants formed 

ineffective nodules on alfalfa. This symbiotic 

phenotype matched with a set of 

exopolysaccharide mutants isolated by Finan et 

al. (1985). Both groups of scientists arrived at 

the same conclusion that EPSs, although not 

required for nodule formation, are involved in 

root invasion. A few reports have shown 

environmental regulation of EPS production in 

Rhizobium and Sinorhizobium. Lloret et al. 

(1998) found that the halotolerant strain of 

Rhizobium meliloti EFB1 modifies the 

production of extracellular polysaccharides in 

response to salt. High temperature tolerant 

strains have also been reported to produce a 

higher amount of EPS than the temperature-

sensitive strains. High temperature induced 

changes in the amount of EPSs secreted were 

observed in heat-resistant mutant strains of 

Rhizobium sp. (Cajanus) (Nandal et al., 2005). 

At high temperatures, the mutant strains showed 

increased synthesis of EPS, whereas the parent 

strain could synthesize only small quantities; 

thus limiting the use of the parent strain as 

inoculants in soils witnessing high temperatures.  

   

3.1.2 Rhizobial lipopolysaccharide (LPS) 

production 

 

The rhizobia produce certain metabolites, which 

act as signals on respective host plants. In all 

instances characterized so far, these signals have 

been found to be lipopolysaccharides (Denarie 

and Roche, 1992; Verma, 1992). 

Lipopolysaccharides are major constituents of 

the outer membrane and are primary antigenic 

determinants of gram-negative bacteria. 

Rhizobial LPSs are divided into two groups: LPS 

I, a complex macromolecule which carries a 
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variable number of repeating oligosaccharides, 

termed the O-antigen; and the simpler LPS II, 

which consists of the core oligosaccharide and 

the lipid A, and shows a higher electrophoretic 

mobility (Carlson, 1984). Noel et al. (1986) 

reported that Rhizobium phaseoli mutants 

lacking a major component of the wild-type LPS, 

identified as the O-side chain, although induced 

root hair curling and infection thread formation, 

but, bacteria were not released. The same group 

of scientists showed that CE109, an LPS mutant 

of Rhizibium phaseoli was defective in infection 

thread development, and SDS-PAGE showed 

that it had an altered LPS. In the mutant, the 

antigenic O-chain was missing and it consisted 

of only the lipid A core. Similarly De Maagd et 

al. (1989) studied the effects of alterations in 

LPS structure of Rhizobium leguminosarum bv. 

viciae on effective symbiosis. Tn5 mutants 

which completely lacked the O-antigen- 

containing LPS species or which had a severely 

diminished amount of an antigenically altered O-

antigen- containing LPS showed abnormal 

nodule development resulting in nodules in 

which very few cells contained bacteroids and 

these were found to be unable to fix nitrogen. 

The complete LPS structures in normal amounts 

are necessary for infection thread development in 

host plants and an intact LPS is important to 

form effective nodules.  

Structural changes in the LPS have been 

reported when rhizobia are subjected to different 

environmental and physiological stresses, at both 

free living and symbiotic stages. These changes 

generally affect the O-antigen portion of LPS I 

and have been demonstrated either by alterations 

of electrophoretic mobility after silver staining or 

by the use of monoclonal antibodies as 

molecular probes. LPS alterations have been 

reported under high temperature conditions. 

Such changes have been observed in CFN42 

lipopolysaccharide (Tao et al., 1992). Lloret et 

al. (1995) found that high salt concentration 

induced changes in the structure of the LPS of a 

highly halotolerant strain (EFB1) of Rhizobium 

meliloti. Heat stress induced an increase in the 

electrophoretic mobility of certain LPS I bands 

in the O-antigen region (Zahran et al., 1994). All 

these modifications of the bacterial cell wall LPS 

may be regarded as an adaptive mechanism of 

rhizobia to different environmental stresses. 

Thus, rhizobia modify their LPSs in ways that 

best cope with changed environments, but it is 

not clear what advantages do such changes 

provide to rhizobia.  

 

3.2 Protein Synthesis  

 

The effect of high temperature on protein 

synthesis has been studied in bacteria, plants and 

animals. Changing environmental conditions 

elicit the synthesis of new types of cellular 

proteins in all organisms. This conserved 

molecular response is best exemplified by high 

temperature stress, during which specific groups 

of polypeptides known as heat shock proteins 

(HSPs) are rapidly induced. Protein denaturation 

and aggregation are the major types of cellular 

damage that result from high temperatures, and 

HSPs respond by preventing aggregation, 

assisting refolding and targeting misfolded 

protein for degradation (Parsell and Lindquist, 

1993). The activity of such chaperones is 

essential for cell survival during heat shock and 

for subsequent recovery. Several Hsps, including 

Hsp70, strongly conserved over large taxonomic 

distances have been shown to be directly 

involved in acquired thermotolerance 

(Hightower, 1991). Another protein Hsp100 has 

also been shown to contribute to the 

development of thermotolerance (Parsell and 

Lindquist, 1993; Clarke and Eriksson, 2000).    

Soil bacteria, such as rhizobia, are 

frequently faced with various adverse 

environmental conditions and have, therefore, 

developed a complex regulatory network to 

respond rapidly to environmental changes in 

temperature, humidity or nutrient source 

availability. The adaptational network involves 

the induction of stress proteins (Hecker et al., 

1996; Bernhardt et al., 1997).  Different 

organisms accumulate different HSPs in 

response to stress. The major classes of heat 

shock proteins that are synthesized in different 

organisms are: Hsp100, Hsp90, Hsp70, Hsp60, 

Hsp40 and small heat shock proteins (sHsps). 

Three major heat shock proteins (106.9, 83.1 and 

59.5 kDa) have been reported to be produced by 

different species of rhizobia when grown at 

varying temperatures (Cloutier et al., 1992). The 

temperature stress consistently promoted the 

production of a protein with a relative mobility 

of 65 kDa that was detected under heat stress and 

was heavily overproduced under heat stress only, 

not during salt or osmotic stress (Zahran et al., 

1994), indicating that it is a specific response to 

heat stress.   

Three proteins of molecular weight 100 

kDa, 89 kDa and 64-72 kDa were strongly 

overproduced at 43°C in heat-resistant/tolerant 

mutants of Rhizobium sp. (Cajanus) (Nehra et 

al., 2007). Besides these high molecular weight 
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proteins, certain new small molecular weight 

proteins (17, 18, 20, 21, 22, 24 and 32 kDa) were 

also synthesized by these mutants at high 

temperature (43°C). All these proteins being 

synthesized exclusively in the mutant strains at 

high temperature might be heat shock proteins 

which help the mutants to survive under high 

temperature conditions.  

 In most organisms, Hsp70 or Dnak (the 

bacterial homolog of Hsp70) proteins are among 

the most prominent proteins induced by heat. 

There is a close correlation between the 

induction of these proteins and the induction of 

tolerance to high temperatures (Li and Werb, 

1982; Subjeck and Shyy, 1986). The heat 

inducible forms of Hsp70 play a central role in 

stress tolerance, by promoting growth at high 

temperatures and/or protecting organisms from 

killing at extreme temperatures. In contrast to the 

highly conserved Dnak and GroEL proteins, 

small heat shock proteins (sHsps) show much 

less sequence similarity. The proteins belonging 

to this family vary greatly in size (from 12kDa to 

40kDa). The sHsps bind to denatured proteins 

accumulated under stress conditions and 

maintain them in a folding-competent state 

(Ehrnsperger et al., 1997; Lee et al., 1997). 

Munchbaach et al. (1999) reported that, in 

contrast to other bacteria, Bradyrhizobium 

japonicum shows a remarkable abundance of 

sHsps. 

 

 

4. Effect of high temperature on 

symbiotic effectivity of high temperature 

tolerant rhizobial strains  

 

High soil temperatures in tropical and 

subtropical areas strongly affect bacterial 

infection and nitrogen fixation in several legume 

crops, including soybean, clover, peanut, guar, 

cowpea, beans and pigeon pea. Different 

symbiotic processes have different optimum and 

limiting temperatures (Dart and Day, 1971; 

Gibson, 1974). Some aspects of the Rhizobium-

legume symbiosis which are affected by high 

root temperatures are (i) the growth and survival 

of rhizobia in the rhizosphere (Day et al., 1978); 

(ii) formation of root hairs (Lie, 1974); (iii) 

binding of the rhizobial cells to the root hair cells 

(Dudeja and Khurana, 1989a); (iv) formation of 

infection threads (Rao, 1977); (v) structure, 

growth and development of root nodules 

(Pankhurst and Gibson, 1973); (vi) 

leghaemoglobin content of the nodules (Frings, 

1976); (vii) activity of the nitrogenase enzyme 

(Munns et al., 1977); and (viii) consequently the 

nitrogen content and dry matter production of the 

nodulated plant (Herridge and Roughley, 1976). 

High temperature thus adversely affects root hair 

formation, adsorption of rhizobia and nodulation 

in the host plant (Dudeja and Khurana, 1989a). 

Poor nodulation in pigeon pea has been ascribed 

to poor survival and persistence of the rhizobial 

inoculants in the field soil and in the rhizosphere 

of pigeon pea (Dudeja and Khurana, 1988, 

1989b) under elevated temperature conditions, 

which also affects flavonoid production in this 

legume crop (Raghuwanshi et al., 1994).  

It is now obvious from the discussions 

in the preceding sections that soil temperatures 

above 35°C interfere with the development and 

function of root nodules (Lindemann and Han, 

1979; Munevar and Wollum, 1982). It was also 

proposed in the earlier sections that careful 

selection of thermotolerant strains might lead to 

increased nodulation under high temperature 

conditions (Dart et al., 1976). High temperature 

tolerant mutant strains have been found to 

perform better than the wild-type temperature 

sensitive strain (Nehra et al., 2007) under natural 

conditions in the pot house. The nitrogenase 

activity and shoot nitrogen content were also 

reported to be higher in plants inoculated with 

the heat-resistant mutants. These plants showed 

better symbiotic efficiency for all the symbiotic 

parameters. 

But, high temperature treatments when 

applied continuously under controlled 

conditions, without significant diurnal cycling, 

have been found to be detrimental to the plant 

growth. Kishinevsky et al. (1992) reported that 

at a constant 40
o
C root temperature, no nodules 

were formed in peanut by three strains of 

Bradyrhizobium which were capable of 

surviving a temperature of 42
o
C. Studies were, 

therefore, conducted using inoculation of high 

temperature tolerant strains at different day: 

night temperature regimes to see the combined 

effect of thermotolerant strains and diurnal 

cycling on nodulation and nitrogen fixation at 

high temperatures. Continuous application of 

high temperature, without diurnal cycling was 

found to be detrimental to the plant growth. 

However, in a day:night temperature regime of 

33:24 and 33:19°C, soybeans nodulated well and 

reduced acetylene at high rates (Huxley et al., 

1976). La Favre and Eaglesham (1986) studied 

the effects on nodulation by using diverse strains 

of bradyrhizobia and by administering diurnally 

cycling thermoperiods. In controlled 

environment experiments, they subjected the 
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plants to air temperatures of 36°C for periods of 

6h or 9h/d, 41°C for 6 or 9h/d, 42°C for 12h/d, or 

45°C for 3 or 9h/d, and found that plants in 41(6) 

temperature regime grew as well as those in the 

greenhouse. At 42(12), all the strains nodulated, 

however, some strains performed better than 

others. Loss of nodulation was observed only at 

45(9) temperature regime, where three strains 

failed to nodulate some replicates. Although, the 

symbiotic performance of bradyrhizobial strains 

corresponded to their abilities to grow and 

survive at high temperature in culture, but a 

constant root temperature of 40°C resulted in 

loss of nodule formation (Kishinevsky et al., 

1992). Nodules were formed only when the roots 

were exposed to this temperature with diurnal 

cycling, but even at this temperature no nitrogen 

fixation occurred. Hungria et al. (1993) used 14 

rhizobial strains isolated from leguminous trees 

such as Gliricidia, Lonchocarpus and Lucaena 

for studying inoculation effects at high 

temperature. When bean plants inoculated with 

these strains were exposed to high temperature 

conditions, i.e., 40°C/8h/day, some of them 

accumulated at flowering time as much or more 

nitrogen as bean plants receiving mineral 

nitrogen. Michiels et al. (1994) compared the 

effects of heat on symbiotic nitrogen fixation in a 

heat- tolerant (CIAT899) and a heat- sensitive 

(CNPAF512) bean- nodulating Rhizobium strain. 

CIAT899, in contrast to CNPAF512 was capable 

of nodulating beans and fixing atmospheric 

nitrogen on a diurnal 40/23°C (day/night) 

regime. So, it can be said that thermotolerant 

strains can induce nodulation and nitrogen 

fixation under controlled conditions by using 

diurnally cycling thermoperiods rather than 

constant temperature treatments. 

The better symbiotic performance of 

these heat tolerant strains over heat-sensitive 

strains on diurnal temperature regimes is not due 

to their ability to fix atmospheric nitrogen at high 

temperature but probably due to their capacity to 

survive the periods of thermal stress and recover 

afterwards, when the night temperature falls 

(Michiels et al., 1994). The higher temperature 

tolerance of the mutant strains allows them to 

survive periods of thermal stress. Under these 

conditions, the nitrogen fixation activity is shut 

off, but resumes when temperatures are lowered. 

 

5. Conclusion 
 

Environmental factors like high temperature 

affect symbiotic process and nitrogen fixation by 

Rhizobium in soil. The relative activity of 

rhizobia is altered by temperature, so that a 

bacterium that is highly effective at one 

temperature may be less effective at other 

temperatures. Due to this fact, the potential 

benefit of the legume-Rhizobium association is 

not fully realized when soil temperatures become 

limiting. A solution to this problem lies in the 

selection/ isolation of temperature tolerant strains 

of rhizobia, which can fix atmospheric nitrogen 

in symbiotic association with their respective 

hosts even at elevated temperatures commonly 

observed in summers in Northern India. Two 

types of selection methods have normally been 

reported: stepwise long-term treatment, in which 

cultures are exposed to stress with gradual 

increase in concentrations of selecting agent; and 

shock treatment, in which cultures are directly 

subjected to a shock of high concentration and 

only the tolerant ones will survive. Although a 

considerable amount of work has been reported 

on the selection/ isolation of thermotolerant 

rhizobial strains using these methods, but a 

thermotolerant strain capable of efficient 

nitrogen fixation is yet to be commercialized. A 

further progress in increasing temperature 

tolerance in rhizobial strains would involve 

research into the genetic engineering of rhizobia. 

Cloning the heat resistance gene(s) and 

subsequent construction of transgenic rhizobia 

for these gene(s) might result into efficient 

symbiotic nitrogen fixers even under high 

temperature conditions; thus, providing a 

practical solution to the problem of the adverse 

effect of temperature on Rhizobium- legume 

symbiosis. 
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