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In present study ten root nodulating bacteria
monosperma (Lam.) Taub. 
and characterized at 
monosperma were indeterminate, 
Pterocarpus marsupium
isolated ten nodule bacterial 
biochemical properties by using various methods. 
BM4, BM5, PM2, PM4 and PM5) 
characteristics such  
mucilaginous while 
opaque, gummy and 
Rhizobial isolates were diverse in BTB 
BM4, PM3 and PM4) in
isolates were neutral
oxidase activity and 80% isolates were not able to utilize 
were significantly diverse in litmus milk reaction and 
groups. Many isolates 
salinity tolerance up-
associated with Butea monosperma
significantly diverse in their physiological and biochemical parameters.
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Introduction 
Rhizobia are a specific group of gram 
negative bacteria that carried out 
symbiotic nitrogen fixation with legume 
plants. Rhizobia are able to establish 
symbiosis relationships with a wide range 
of legumes, such as trees1, 
herbs3-4 and aquatic plants. 
symbionts associated with wild legumes 
attracted the attention of researchers 
because of their ability to tolerate extreme 
environmental conditions, such as high
temperature, low precipitation, 
and high salinity5. 

Currently, rhizobia 
contains 21 genera which are distributed 
in alpha-proteobacteria and beta
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en root nodulating bacterial isolates associated with 
(Lam.) Taub. and Pterocarpus marsupium Roxb. were isolated 

characterized at phenotypic biochemical level. The root nodules of 
indeterminate, branched and fan shaped while 

Pterocarpus marsupium were determinate, globose and spherical in shape
isolated ten nodule bacterial strains were characterized for their phenotypic and 

ties by using various methods. Most of the isolates 
BM4, BM5, PM2, PM4 and PM5) showed similar colony colour and colony 

 as raised, light white, translucent, non-gummy, 
while other (BM1, BM2, PM1 and PM3) were raised, 

and mucilaginous on yeast extract mannitol agar media
Rhizobial isolates were diverse in BTB reaction; four rhizobial isolates (BM3, 
BM4, PM3 and PM4) in the current study were acid producers while remaining 
isolates were neutral. In addition, 60% isolates showed negative result

80% isolates were not able to utilize citrate. Isolated strains 
diverse in litmus milk reaction and were distributed into four 

isolates were able to grow at pH from 6 to 9.5 and 
-to to 6% NaCl. Our study suggested that rhizobial isolates 

Butea monosperma and Pterocarpus marsupium
significantly diverse in their physiological and biochemical parameters.

Butea monosperma, Nodulating Bacteria, Pterocarpus marsupium,
Root nodule. 
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hizobia group 
21 genera which are distributed 

and beta-

proteobacteria. Rhizobium, 
Mesorhizobium, Allorhizobium
Azorhizobium and Bradyrhizobium
the main genera in alpha-proteobacteria
Further many studies confirmed that 
some other genera (Blastobacter,
Microvirga, Shinella, Ochrobactrum,
Methylobacterium, Devosia) 
proteobacteria were also able to elicit 
nodule formation on roots of legumes
and included in rhizobial taxonomy
other hand, Burkholderia
Cupriavidus are the main nodules 
forming and nitrogen-fixing genera in 
Betaproteobacteria7-8. 
taxonomy is growing very fast and every 
year new rhizobial species are reported
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Many legumes in Rajasthan such 
as species of Acacia, Crotalaria, 
Rhynchosia, Tephrosia, and Vigna 
species etc. have been characterized for 
their microsymbiont9-13 but still some 
other plants including our study plants 
Butea monosperma (Lam.) Taub. and 
Pterocarpus marsupium Roxb. are not 
characterized for their micro-symbiont. 
Butea monosperma and Pterocarpus 
marsupium are widely distributed in the 
Central Arawali region and they are the 
multipurpose woody tree that is used as 
medicine, wood, soil enrichment, and 
fodder and timber production. Both 
plants are traditionally reported to 
possess an anticonvulsant, anti-gout, 
diuretic, anti-leprotic, anti-cancers, anti-
microbial, anti-diabetic, antiviral anti-
inflammatory and anti-hepatic 
properties14-15. The roots of these plants 
establish a symbiotic relationship with 
rhizobia and form nodules where 
atmospheric nitrogen is fixed and used 
for its growth and also for the 
enrichment of the rhizosphere16. 
 Present study aimed to isolate 
and characterize rhizobia associated 
with Butea monosperma and 
Pterocarpus marsupium. The 
morphology and anatomy of nodules 
were studied and isolated rhizobia were 
characterized based on their phenotypic 
biochemical properties. 
Material and Methods 
Survey and collection 
A survey was carried out in the Jhalana 
forest area to collect seeds, twigs and 
rhizospheric soil of Butea monosperma 
and Pterocarpus marsupium at depth of 
20 to 40 cm from the soil surface. The 
collected soil samples were subjected 
for rhizobia trapping experiments.   
Rhizobia trapping experiment and 
Harvesting of nodules 
Rhizobia trapping experiment was 
performed during the summer and 
monsoon season. Approximately 5 kg 
of collected rhizospheric soil samples 
were transferred to each earthen pot.  

Surface sterilized seeds of Butea 
monosperma and Pterocarpus 
marsupium were placed on prepared 
pots. Pots were kept under natural 
environmental conditions and irrigated 
manually using watering cans regularly. 
For morphological characterization of 
nodules ten replicates were used.  
 After three months of seed 
sowing, healthy plants of Butea 
monosperma and Pterocarpus 
marsupium were harvested at the 
Department of Botany, University of 
Rajasthan. The pots were placed under 
the running water tap and washed 
thoroughly which led gradual removal 
of soil particles from roots and mature 
nodules. Mature and fresh nodules 
preferably were selected for further 
morphological and ultra-structural 
studies of nodules and isolation of 
rhizobia by using standard method17. 
Preparation of microscopy 
For light microscopy, the nodules with 
roots were fixed in FAA (formalin-
acetic acid-ethanol) solution for 2 days 
and subsequently stored in 70% ethanol. 
Transverse sections of nodules were 
properly stained by using aqueous 
toluidine blue (in 1% borax, pH 4.4) and 
observed in a light microscope (Leica 
microscope). 
Isolation and purification of root nodule 
bacteria 
Selected fresh and healthy root nodules 
were surface sterilized by placing them 
in 70% ethanol for 30 seconds followed 
by dipping in 1% sodium hypochlorite 
solution (w/v) for 5 minutes. 
Subsequently, these nodules were 
washed six times with sterilized distilled 
water and finally transferred to sterile 
watch-glass containing 1-2 drops of 
sterile water. Gently nodules were 
crushed and a loop of suspensions was 
streaked on Yeast Extract Mannitol 
Agar plates containing Congo red. All 
Petri-plates were incubated at 28  1C֩ 
for 24-72 h and observed regularly for 
growth of rhizobial colonies. The 
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observed colonies were picked up and 
further re-streaked on the YEMA plate 
for purification of rhizobial isolates. 
Phenotypic and Biochemical 
characterization of rhizobial isolates 
All root nodule bacterial strains were 
subjected to biochemical 
characterization by using various 
methods17-18 such as Bromo-thymol blue 
(BTB) reaction, Oxidase activity, Citrate 
utilization ability, Litmus milk reaction, 
amylase activity, tolerance to pH and 
NaCl. 
Bromothymol blue (BTB) reaction 
Acid or alkali producing or neutral 
nature of rhizobial strains were 
determined by BTB test. YEM broth 
supplemented with 0.001% bromo-
thymol blue indicator dye was used for 
BTB reaction. Prepared broth tubes were 
inoculated with the exponentially 
growing rhizobial cultures and incubated 
at 28°C. After 48-72 hrs., the change in 
colour of the media was observed. If 
colour of YEM broth changed from 
green to yellow and/or from green to 
blue, indicate the presence of acid or 
alkali producers, respectively. Neutral 
strain did not change the colour of 
growing media. 
Oxidase activity 
Oxidase activities of RNB isolates were 
accessed by touching and spreading the 
oxidase disc on the fresh growing 
colonies of the bacterial isolates. The 
results were observed immediately 
within 5-10 seconds at room 
temperature. A change in colour of the 
disc dark purple/blue was considered as 
positive reaction and no change at all 
considered as negative reaction. 
Utilization of citrate 
Simmon’s citrate agar media in test 
tubes were used for the citrate 
utilization ability of isolates. A loop 
full of fresh bacterial colonies was 
streaked on the slant of Simmon’s 
citrate agar media. Inoculated test tubes 
were kept at 28°C for up to 4-7 days 
and observed for colour changes. 

Growth with colour change from green 
to blue along the slant considered as 
positive result for citrate utilization and 
no growth and no colour change, slant 
remain green considered as negative 
result.  
Litmus milk reaction 
Litmus milk is an excellent medium 
that can differentiate microorganisms 
on the basis of differential metabolism 
of the substrates which are present in 
media. Lactose, casein and litmus are 
the main constituents of the litmus milk 
media. Litmus is a pH indicator that 
changed the colour of the media based 
on pH. The litmus milk broth was 
prepared by using standard method18 
and was inoculated with fresh rhizobial 
cultures. Subsequently inoculated 
broths were incubated at 28°C for 5 
days and observed every day for any 
changes in media and results were 
recorded18. 
Amylase activity 
Starch agar media plates were inoculated 
with fresh rhizobial cultures to analyse 
the amylase activity of the isolates. The 
inoculated plates were incubated at 28°C 
for 48 hr. After 48 hrs inoculated Petri-
plates were flooded with iodine solution. 
The formation of clear a zone around the 
colonies confirms the amylase activity of 
the isolates. 
pH and Salt (NaCl) tolerance  
The pH tolerance of bacterial strains 
were determined by inoculating fresh 
bacterial culture to YEMA plates having 
pH value of 5-10. The inoculated plates 
were kept at 28°C for 3-5 days. Three 
replicate plates were prepared for each 
pH-isolate combination and growth was 
observed.  
 Similarly, NaCl tolerance of 
bacterial strains were determined by 
inoculating fresh bacterial culture to 
YEMA plates having NaCl value of 0.5-
8%. The inoculated plates were kept at 
28°C for 3-5 days. Three replicate plates 
were prepared for each NaCl-isolate 
combination and growth was observed. 
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Result and Discussion 
 Plant identification and collection of 

nodules:  
Butea monosperma and Pterocarpus 
marsupium were identified by 
submitting the herbarium sheet of each 
plant to the Department of Botany, 
University of Rajasthan, Jaipur with 
RUBL numbers RUBL 21256 and 
RUBL 21257 respectively. The summer 
season (March to May) was appropriate 
for seed germination of Butea 
monosperma and rainy season (July to 
September) for Pterocarpus marsupium. 
The root nodules were formed within 80 
days in both plants at the vegetative 
stage. The fresh nodules of both plants 
were collected by harvesting of 3 
months of plants grown in pots in 
rhizobia trapping experiments. 
 Nodule morphology and anatomy: 
Nodules of Butea monosperma were light 
brown to dark brown, rough and slightly 
soft in texture with irregular scars and 
distributed on the main tuberous root as 
well as lateral roots (Fig. 1a and 1b). 
They were present singly as well as in 
clusters. Similarly, the root nodules of 
Albizia lebbeck developed singly and in 
clusters on the primary and secondary 
roots19. The nodules of Butea 
monosperma were showed variation in 
their shape. Initially, the nodules were 
oval and spherical but at maturity, they 
become elongated, branched and fan 
shaped (Fig. 1c) therefore they can be 
classified as indeterminate type of 
nodules20. Similarly branched, fan-
shaped, cylindrical and globose shaped 
nodules were observed in some members 
of the tribe Trifolieae21. In the Thar 
Desert, many species of Acacia and 
Indigofera formed such type of 
indeterminate root nodule9,11,22. The 
nodules of Pterocarpus marsupium were 
light brown, rough and hard in texture 
with surface lenticels and distributed on 
the main roots as well as lateral roots 
(Fig. 1d and 1e). Morphologically 
nodules of Pterocarpus marsupium were 

spherical and globose in shape throughout 
the lifecycle (Fig. 1f) therefore they can 
be classified as determinate type of 
nodules20. Similar types of root nodules 
were observed in Pterocarpus indicus in 
Malaysia23. Such types of root nodules 
were also observed in species of 
Rhynchosia and Vigna in the Thar 
Desert9. 
 General structure of root nodules of 
Pterocarpus marsupium were observed, 
which containing four regions such as 
nodule epidermal tissue (NET), nodule 
cortex (NC), vascular tissues (VT) and 
bacteroid region (BR). The cortex was 
surrounded by a thick epidermal tissue. 
The centre of nodules was observed with 
both infected and uninfected cells (Fig. 
1g). Similarly, Pterocarpus indicus 
showed such type of root nodule 
anatomy23. 
 Phenotypic and Biochemical 

characteristics of isolates: 
A total of ten bacterial strains (five from 
each plant species) were isolated from 
fresh and healthy root nodules of Butea 
monosperma and Pterocarpus marsupium 
and were designated as BM1 to BM5 and 
PM1 to PM5, respectively. On the basis 
of colony characteristics all isolates were 
formed two groups. Colony 
characteristics of isolates in group I 
(BM1, BM2, PM1, and PM3) were 
raised, white, opaque, gummy and 
mucilaginous while in group II (BM3, 
BM4, BM5, PM2, PM4 and PM5) were 
raised, light white, translucent, non-
gummy, and non-mucilaginous (Table 1; 
Fig. 2a and 2b). Such types of colony 
characteristics of rhizobia were also 
observed by many researchers. Isolated 
root nodules bacterial strains associated 
with Glycine max showed similar type of 
colony characteristics24. In addition, the 
Rhizobium sp. formed gummy, and 
mucilaginous colonies on yeast extract 
agar media25. Similar to present results, it 
was observed that the isolates of 
Pterocarpus indicum also produced white 
and gummy colonies on YEMA-CR26. 
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Figure 1.: Excavated plant of Butea monosperma and its roots system (a-b), 
developmental stages of root nodules of Butea monosperma (c), Excavated plant of 
Pterocarpus marsupium and its roots system (d-e), developmental stages of root nodules 
of Pterocarpus marsupium (f), Transverse section of root nodules of Pterocarpus 
marsupium (g). 
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Figure 2.: Phenotypic and biochemical characteristics showed by rhizobial strains 
isolated from Butea monosperma and Pterocarpus marsupium: Colonies of pure cultures 
(a-b), BTB reaction (c), Oxidase activity (d), Amylase activity (e), Litmus milk reaction 
(f), Citrate utilization (g), NaCl tolerance range (h) and pH tolerance range (i). 
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 Further purified isolates were 
classified as alkali and acid-producing 
rhizobia by growing them in YEM broth 
supplemented with BTB. The four 
rhizobial isolates (BM3, BM4, PM3 and 
PM4) in the current study were acid-
producing as they changed the colour of 
the broth from green to yellow. Whereas, 
remaining isolates (BM1, BM2, BM5, 
PM1, PM2 and PM5) did not change the 
green colour of the broth, indicated that 
they were neutral (Table 1; Fig. 2c). 
Many researchers17,27 suggested that on 
the basis of BTB reaction the rhizobial 
isolates can be assumed as fast 
(performing acidic reaction) and slow 
growers (Performing alkali or neutral 
reaction). 
 In the current study four bacterial 
isolates (BM4, PM1, PM2 and PM3) 
were showed positive responses with 
oxidase disc and the remaining six were 
negative (BM1, BM2, BM3, BM5, PM4 
and PM5) (Table 1; Fig. 2d). Similarly, 
rhizobial isolates RhBC and NRA1 
isolated from root nodules of ground nut 
showed oxidase activity28. Amylase 
activity was observed in three isolates 
(BM5, PM1 and PM2) (Table 1; Fig. 2e). 
These isolates were capable to hydrolyze 
starch present in the medium. The 
remaining all isolates were showed 
negative results for amylase activity. 
Similar results were found for rhizobia 
associated with nine cultivated legumes29. 
In addition, it was observed that root 
nodule bacteria isolated from various 
sources by soil trapping experiment had 
amylase activity and were able to utilize 
starch30. 

All tested root nodule bacterial 
strains were showed various types of 
litmus milk reactions (Table 1; Fig. 2f). 
Three isolates (BM2, PM2 and PM4) 
were showed lactose fermentation while 
other three (BM1, BM5 and PM5) were 
showed acid and gas production followed 
by reduction and curdling formation. In 
addition BM3, PM3 showed proteolysis 
and alkaline reaction. The remaining two 

isolates BM4 and PM1 did not show any 
reaction. Citrate utilization test was found 
negative in eight strains (BM1, BM2, 
BM3, BM5, PM1, PM2, PM3 and PM5) 
and positive in two strains (BM4 and 
PM4) (Table 1; Fig. 2g). Results of 
present study was accordance to findings 
of other researchers in which they found 
rhizobial strains associated with root 
nodules of some cultivated legume crops 
showed negative results for citrate 
utilization29.  
 In the present study the results of 
most of the phenotypic and biochemical 
tests were similar as observed for 
rhizobial spp. in literature25,31-33. 
 Salt (NaCl) and pH tolerance: 
Salt stress can cause a reduction in 
nitrogen fixation and nodulation ability 
of the plants. On the basis of NaCl 
tolerance range all isolates were 
classified into three groups. The isolates 
of group I (BM3, PM2, PM3, and PM5) 
were highly NaCl tolerant and were able 
to grow upto6 % NaCl, while isolates of 
group II (BM4, PM1 and PM4) and 
group III (BM1, BM2 and BM5) were 
able to grow upto 4% and 2% NaCl, 
respectively (Table 1; Fig. 2h). No one 
isolate showed growth on YEMA media 
containing more than 6% NaCl. The 
results were consistent with the study of 
other researcher29 who also reported 
diverse nature of the rhizobial strains for 
their NaCl tolerance ability. Similar 
results were obtained for 81 rhizobial 
strains isolated from the root nodules of 
Pisum sativum and reported that 16% 
isolates showed only upto 2% NaCl 
tolerance34. 
 Soil pH is an important parameter 
and significantly affects the growth and 
development of rhizobia. Similarly, 
small variations in the pH of media can 
alter the growth of bacteria24. On the 
basis of pH tolerance range, all 
rhizobial strains were categorized into 
three groups. The isolates of group I 
(BM1, BM5, PM1and PM4) were able 
to grow at pH 6-9.5 while isolates of 
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group II (BM3, PM2,PM3 and PM5) 
and group III (BM2 and BM4) were 
showed significant growth at pH 6-9 
and pH 5-9.5 respectively. No one 
isolates were able to grow at pH below 
5 (Table 1; Fig. 2i). All isolated strains 
were showed prime growth at pH 7 to 

pH 8.0. It can be concluded that 
isolated strains were more tolerant to 
alkalinity. Notably in Bradyrhizobium 
sp., maximum growth was found at pH 
7 followed by pH 6 and 8 and very poor 
growth was observed at pH 4, 5, and 
1035. 

Table 1.: Phenotypic and biochemical characteristic of rhizobial isolates. 
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BM1 Raised, White, gummy, 
mucilaginous and translucent 

Neutral - - - Acid, gas, reduction, 
curd with proteolysis 

0.5-2 6-9.5 

BM2 Raised, White, gummy, 
mucilaginous and translucent 

Neutral - - - Lactose fermentation 0.5-2 5-9.5 

BM3 Raised, light White, nongummy, 
nonmucilagenous and transparent 

Acid 
Production 

- - - Alkaline reaction 0.5-6 6-9 

BM4 Raised, light white, nongummy, 
nonmucilagenous and transparent 

Acid 
Production 

+ + - Lactose not fermented 0.5-4 5-9.5 

BM5 Raised, light white, nongummy, 
nonmucilagenous and transparent 

Neutral - - + Acid, gas, reduction, 
curd with proteolysis 

0.5-2 6 -
9.5 

PM1 Raised, White, gummy, 
mucilaginous and  translucent 

Neutral + - + Lactose not fermented 0.5-4 6-9.5 

PM2 Raised, light white, nongummy, 
nonmucilagenous and transparent 

Neutral + - + Lactose fermentation 0.5-6 6-9 

PM3 Raised, White, gummy, 
mucilaginous and translucent 

Acid 
Production 

+ - - Alkaline reaction 0.5-6 6-9 

PM4 Raised, light white, nongummy, 
nonmucilagenous and transparent 

Acid 
Production 

- - - Lactose fermentation 0.5-4 6-9.5 

PM5 Raised, light white, nongummy, 
nonmucilagenous and transparent 

Neutral - + - Acid, gas, reduction, 
curd with proteolysis 

0.5-6 6-9 

 
Conclusion 
Rhizobia-legume interaction is a highly 
specific category of symbiosis which 
converts atmospheric nitrogen into 
nitrate. In the present study, 
indeterminate and determinate types of 
nodules were observed on the main root 
as well as lateral root system of Butea 
monosperma and Pterocarpus 
marsupium respectively. Anatomically 
nodules were differentiated into four 
regions thick epidermal tissue, cortex, 
vascular bundle and bacteroid infected 
region. A total of ten rhizobial isolates 
(five from each plant) were isolated and 
characterized for their phenotypic and 
biochemical activities. In present study, 
rhizobial isolates from both plants were 
showed significant variation in their 
phenotypic and biochemical activities 

which indicate that both plants are 
promiscuous host and nodulated by 
more than one species of rhizobia. Both 
plants are well adapted to xerophytic 
conditions, therefore can be used to 
improve soil quality by symbiotic 
nitrogen fixation in Rajasthan. Effective 
rhizobial strains from the present study 
may be used for the development of bio-
fertilizers, which can be used as 
substitutes for synthetic chemical 
fertilizers to enhance sustainable 
agriculture practices. 
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