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ABSTRACT 
 

Five leguminous tree species viz. Dalbergia sissoo Albizia procera, Albizia labbeck, Pongamia 
pinnata and Leucaena leucocephala were evaluated for their rhizobial activities in different growth 
medium through biochemical test and the Rhizobium strain isolated from different tree species were 
coded as Ds1(D. sissoo), Ap1(A. procera), Al1 (A. lebbeck), Pp1(P. pinnata) and                                
Ll1(L. leucocephala) respectively. All strains of Rhizobium isolated showed variation in their 
morphology and biochemical test. The nodule in A. procera and P. pinnata mainly recovered from 
lateral roots while in D. sissoo, A. lebbeck, and L. leucocephala nodules were principally formed in 
tape roots. The isolated Rhizobia were rod shaped, gram negative, showed no growth in Hofer’s 
alkaline medium and glucose peptone agar. The Rhizobium strain Ds1 exhibited fastest growth in 
YEMA and CRYEMA followed by Al1 strain as both isolates attained 6 to 11 mm diameter size 
within 3-4 days compared to other species under present investigation. In a salt tolerance test all 
the isolates found tolerant in 1% NaCl, however Ds1 and Ap1 strains both were showed their ability 
to grow even in 2% salt medium. The Pp1 strain was found the most active strain among all other 
isolates of tree species as this isolate rendered highest positive results in citrate utilization, 
carbohydrate catabolism, catalase activities, methyl red test and urease production test. 
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1. INTRODUCTION 
 
Rhizobium – plant symbiosis is a natural gift of 
nature to leguminous species as through this 
interaction the most essential nitrogen nutrient is 
utilized by the host. Almost before two centuries 
(1679) a man named Malpighi observed Rhizobia 
in his drawing of a plant and later Herman 
Hellriegel with help from Wilfarth discovered  
Rhizobium inside the nodules in 1888. Another 
important scientist in the history of Rhizobium 
was Martinus Beijerinck who began to organize 
the Rhizobium in to their current species and 
symbiotic potential of Rhizobium was 
determined. He also standardized for the 
isolation technique of root nodule bacteria in pure 
culture. The actual name of Rhizobium was 
coined by Frank in 1988. The first known species 
of Rhizobia, Rhizobium leguminosarum, was 
identified in 1889, and all further species were 
initially placed in the genus Rhizobium under 
family Rhizobiaceae [1]. But Breed et al. [2] 
placed Rhizobium with Agrobacterium and 
Chromobacterium while in modern classification, 
the nodule forming bacteria is separated into 3 
genera Rhizobium, Bradyrhizobium and 
Azorhizobium with characteristics of fast growing, 
slow growing and nodules in stem forming nature 
respectively. However, more advanced methods 
of analysis revised this classification, and now 
there were many in other genera. 
 
In recent years when the cost of production is 
exponentially increasing in agriculture, 
horticulture and forestry plantations due high 
incidences of disease and insect, unscientific use 
of high doses of chemical fertilizers and also due 
to the effects of climatic changes. Moreover after 
tedious efforts of scientists, the maintenance of 
present productivity of major crops are a real 
challenge, some alternate technologies are in 
radar of scientific research for sustainable 
production, climate smart tree crops and 
management not only for 5Fs (Food, Feed, 
Fodder, Fibre and Fuel) production but also to 
mitigate the adverse effect of pollution and 
climate change. Now there is a need to promote 
biofertilizers technology which comprises 
Rhizobium, AMF (Arbuscular mycorrhizal Fungi) 
and other free living microorganisms which are 
most potential in enhancing the plant growth 
besides enriching the soil by fixing atmospheric 
N2 or by mobilizing unavailable nutrients to 
available forms. Among plant microbe 
interactions, legume-Rhizobium are unique 
because they supply 80-90% of total nitrogen 
requirements of legume results better growth and 

establishment due to high N in host as this is 
very essential for photosynthesis and other 
metabolic activities [3,4]. In addition, the 
inoculation of Rhizobia induces a carbon sink on 
the root surface, which intern effects 
photosynthesis and carbon balance of the plant 
[5]. The legume crops are not only important in 
agriculture for its protein source but also in 
forestry this family has paramount importance as 
most of the legume trees with multipurpose in 
use, fast growing and soil improver and occupy 
in wide group of soils all over the world. The 
contribution of Rhizobium is well documented in 
agriculture [6,7] and in forest species [8,9]. They 
all have reported the varied response of 
Rhizobium with soil and host and also reported 
about different reactions of Rhizobium strains to 
different biochemical tests [10,11]. Among 
different factors the host plays a major role in 
symbiosis interaction thus the efficacy is also 
influenced as per characteristic of Rhizobium and 
host species. Therefore the present investigation 
was conducted to evaluate different 
morphological features and biochemical activities 
of nodule forming Rhizobium bacteria in most 
important five leguminous forest species. 
 
2. MATERIALS AND METHODS 
 
In the present study, five multipurpose tree 
species were selected on the basis of their 
importance used in forest plantations, 
agroforestry and wasteland development. The 
morphologically freshly, healthy and undamaged 
root nodules were collected from the roots of 
Dalbergia sissoo, Albizia lebbeck, Albizia 
procera, Pongamia pinnata and Leucaena 
leucocephala. Rhizobium was isolated from root 
nodules as per the method described by 
Somasegaran and Hoben [12]. First the collected 
nodules were immersed in 0.5% HgCl2 solution 
for 5 minutes and washed thoroughly with 
distilled water. Rhizobium species was obtained 
by streaking the crushed root nodules on Yeast 
Extract Mannitol Agar, (YEMA) (pH 7) in 7.5cm 
media plates. The Rhizobium strain isolated from 
D. sissoo, A. procera, A. lebbeck, P. pinnata,              
L. leucocephala were coded as Ds1, Al1, Ap1, 
Pp1 and Ll1respectively. Seven plates for each 
tree species were stacked in YEMA media and 
incubated at 30°C. After 48 hours of incubation, 
colony morphology of isolates was recorded on 
YEMA plates. The observed colonies were 
characterized according to the method described 
by Aneja [13], it includes colonial color, size, 
shape, margin, elevation, opacity and 
consistency. The identity of the isolates as 
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Rhizobium was established by characterization 
tests including Gram staining, growth on Congo 
Red Yeast Exract Mannitol Agar (CRYEMA) 
medium, acid production, growth in Hofer’s 
alkaline medium, growth on glucose peptone 
agar, motility  and nodulation test [14].  
 
After confirmation as Rhizobium strains, pure 
and effective cultures maintained on basal media 
were used in the study for different biochemical 
tests. Amylase activity was studied by growing 
the test isolates on Starch Agar Medium (SAM) 
plates. After incubation at 30°C for 24 to 48 h, 
the plates were flooded with iodine solution and 
observed for starch hydrolysis around the colony 
growth e.g. the clear zone. Urease activity was 
tested by growing the test organisms on Urea 
medium plates (20% urea solution) containing 
phenol red as pH indicator. Change the color of 
medium from yellow to pink was taken as 
positive test for urease production. For the 
Rhizobium isolates, catalase activity was tested 
by growing them on YEMA medium. After 
incubation for 3 days, 3% H2O2 was added over 
the culture. Appearance of effervescence within 
20 s indicates positive catalase activity. The test 
isolates were streaked across the Sodium Citrate 
amended YEMA medium plates (Mannitol in 
YEMA was replaced by 1% Sodium citrate) 
added with bromothymol blue indicator. After 
incubation at room temperature for 24 to 48 h the 
change in the color of the medium from green to 
blue indicates positive citrate utilization. To test 
the gelatinase activity test tubes containing 20 ml 
of test isolate suspension and incubated for one 
week. After incubation, the tubes were kept in a 
refrigerator for 30 min and observed for gelatin 
liquefaction. Caseinase activity was tested by 
inoculating Rhizobium isolates on to Skim milk 
agar plate. Formation of clear zone around the 
bacterial growth after incubation was considered 
as positive test. Other biochemical tests were 
performed: Organic acid production, 
carbohydrates metabolism, glucose, lactose, 
sucrose fermentation, Methyl red, Vogus- 
Proskauer test, H2S production, isolates growth 
test in 1% and 2% NaCl. All the isolates were 
evaluated at 28°C and 37°C [15].  
 
3. RESULTS AND DISCUSSION  
 
3.1 Morphological Characters of Nodules 
 
All the leguminous species studied showed 
variation in nodulation characteristics like size, 
color and shape. Among the species studied, 
nodulation occurred as diffused type as they are 

distributed both on tape and lateral roots. It was 
also noticed that in A. procera and in P. pinnata 
nodule formed more in lateral root than tape root 
as compared to other species where higher 
number of nodules recorded on tape root. The 
pattern of nodulation in Phaseolus sp. and 
Glycine max were classified in localized, diffused 
and mixed group [16] showing a tendency 
towards grouping of a few nodules in the tape 
root, the rest being diffused in the laterals. 
Similar pattern of diffused type of nodulation was 
reported in five Indigofera species [17]. The root 
nodules of D. sissoo were round to oval in shape, 
pink color and smallest in size compared to other 
legume species studied while in A. procera,             
A. lebbeck and P. pinnata nodules were formed 
in groups, dichotomously branched tips initially 
with light pink color but later they turned into 
white leathery in appearance. But in                             
L. leucocephala the young nodules were 
transparent whitish and older ones were active 
whitish with pink color tip.  
 
3.2 Growth Activities of Rhizobium 

Isolates  
 
From the characterization tests it is evident that 
all the isolates from five leguminous species 
were gram negative, rod shaped, acid producers 
and showed no growth in Hofer’s alkaline 
medium and glucose peptone agar and were 
confirmed as Rhizobia by the nodulation test for 
strain effectiveness in Leonard jar under aseptic 
condition. All isolates were grown well on YEMA 
(Fig. 1) and CRYEMA and did not show 
chromogenesis (Table 1). The isolates grown in 
CRYEMA were developed in a punctiform               
(< 1mm dia to 2 mm dia) indicates their ability to 
grow fast. The Rhizobium strain Ds1exhibited 
highest growth followed by Al1 as these both 
attained 6 to 11 mm diameter size within 3-4 
days compared to other species under present 
investigation. In the present study it was found 
that, samples give positive results in motility test, 
grow well between 30°C to 37°C while almost 
unable to grow when temperature dropped at or 
below 28°C temperature. All five isolates have 
salt tolerant ability when inoculated in 1% NaCl 
whereas merely Ds1 and Ap1 both were capable 
to grow in 2% NaCl medium; this indicates their 
importance to improve growth and development 
under higher salinity condition. This was 
according to the study of Patil et al. [18] who 
have reported that some isolates of Rhizobium 
from legume plant tolerated high salt 
concentration and have advantages to improve 
saline soil by using such Rhizobium strains.  
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Moreover, several other results [8,19,20] 
revealed that the growth and nutrient uptake of 
plant adversely affected with the present of high 
exchangeable sodium in soil and inoculation of 
salt tolerance Rhizobia and host in such site 
increases plant survival and growth.  
 
3.3 Biochemical and Enzymatic studies 
 
The utilization of pattern of various carbon 
sources by the isolates was examined and 
tabulated in Table 2. It was found that almost all 
the isolates utilized glucose, sucrose and lactose 
however the variation in quantitative utilization 
was observed among the isolates for the 
enzymatic activities like amylase production, 
citrate utilization, casein hydrolysis and urease 
production. The variation in enzymatic activities 
of Rhizobium isolates was reported by various 
authors [17,18]. Salve and Gangawanae [21] 
reported that out of the 13 isolates studied by 
them some are positive and some are negative. 
All the isolates showed positive amylase 
production however, Rhizobium strains of Pp1 
and Ll1were reported to produce high amylase 

than other species of the present study. The 
Pp1strain was observed biologically more 
significant in comparison to other species as the 
isolate rendered highest positive test results in 
citrate utilization, carbohydrate catabolism, 
catalase activities, methyl red test and urease 
production test. Thus Rhizobium of P. pinnata 
was considered best for nodulation and nitrogen 
fixation due to highest biochemical activities and 
may plays important role during nodule formation 
and nitrogen fixation. In case of gelatin hydrolysis 
Ap1 showed highest positive result followed by 
Pp1 and Ds1 but in H2S production test, only Ds1 
and Ap1 showed positive while other strains of 
Rhizobium expressed negative result. These 
results confirmed that the isolated bacterial 
strains are Rhizobium species as in previous 
studies reported by Erum [22] and Shahzad et al. 
[23] who found positive results of R. meliloti in 
sugar, citrase and catalase test. The variation in 
biochemical test results revealed due to the 
differences may be in N2 fixation by different 
hosts and this potential of leguminous tree 
species should be employed for success of 
plantation especially in nutrient deficient soils. 

 

 
 

Fig. 1. Growth of different isolates of root nodulating bacteria in YEMA media 
 
Table 1. Growth activities of different strains of Rhizobium isolated from different leguminous 

tree species 
 
S. No. Name of test  Name of the Isolates 

Ds1 Al1 Ap1 Pp1 Ll1 

01 Growth on YEMA  3+ 3+ 2+ 2+ 2+ 
02 Growth on glucose agar - - - - - 
03 Growth on Congored 

mannitol agar 
medium(CRYEMA)  

Cream 
translucent 

Cream 
translucent 

Cream 
translucent 

Slightly 
pinkish 

Cream 
translucent 

04 Growth in Hofer’s 
alkaline medium  

- - - - - 

05 Gram’s Reaction  - - - - - 
06 Motility  + + + + + 
07 Growth in 1% NaCl  + + + + + 
                 2% NaCl  + - + - - 
08 Growth at 28°C  - - - - - 
09 Growth at 37°C  + + + + + 
(-) Negative/ absent/ no utilization, (+) positive utilization below 10%, (2+) Positive utilization above 10to 30% , (3+) positive 

utilization above 30 to 50% 
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Table 2. Enzymatic and biochemical activities of different Rhizobium strains isolated from 
leguminous tree species 

 
S. No. Name of test  Code of the Isolates 

Ds1 Al1 Ap1 Pp1 Ll1 

1 Glucose fermentation  + + + + + 
2 Sucrose fermentation  + + + + + 
3 Lactose fermentation  + + + + + 
4 Amylase production  3+ 2+ 2+ 4+ 4+ 
5  Organic acid production  + 2+ 2+ 3+ + 
6 Citrate Utilization  + 3+ 2+ 4+ + 
7 Casein hydrolysis  2+ 5+ 3+ 4+ + 
8 Carbohydrate catabolism  3+ 3+ 2+ 4+ 2+ 
9 Methyl Red Test  - - - + - 
10 Vogus-Proskauer test  + + + - + 
11 Catalase activity  2+ 2+ 3+ 4+ 2+ 
12 Gelatin hydrolysis  3+ 2+ 4+ 3+ 2+ 
13 Urease test 4+ + 3+ 4+ 3+ 
14 H2S production  + - + - - 
(-) Negative/ absent/ no utilization, (+) positive utilization below 10%, (2+) Positive utilization above 10to 30% , (3+) positive 

utilization above 30 to 50%, (4+) positive utilization above 50 to 70%, (5+) positive utilization above 70% 

 
4. CONCLUSION 
 
The symbiosis between the root nodule bacteria 
of the genus Rhizobium and legumes is of 
special significance to leguminous tree species 
where no external nitrogen input is provided after 
plantation. The effective strains of Rhizobium 
could meet the partial nitrogen requirement of 
legumes and hence reduction in dependence of 
external nitrogen inputs. The results obtained in 
the present study are concluded as the most 
number of nodules formed in lateral roots in              
A. procera and P. pinnata while in tape roots of 
D. sissoo, A. lebbeck and L. leucocephala. Ds1 
and Al1 showed prominent, white colonies in 
YEMA whereas Pp1 showed pinkish colonies. All 
isolated Rhizobium strains were found to be 
gram negative whereas strains of Ds1 and Ap1 
showed prominent growth even in 2% NaCl 
which indicates their ability to salt tolerance as 
compared to other strains of Rhizobium under 
present study. This result can imply in the 
selection of D. sissoo and P. pinnata for saline 
soil. All strains of Rhizobium showed better 
growth at 37°C while no growth at below 28ºC. 
Among all strains of Rhizobium, Pp1 was found 
to be the best in amylase production, organic 
acid production, citrate utilization and 
carbohydrate catabolism and catalyses activity 
tests.  
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