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Abstract /l
In current scenario, with increasing world population there is a strong
demand to enhance crop productivity to feed the population. Characterization
of indigenous rhizobia is very crucial for developing biofertilizers tailored to Article History
local climatic conditions, with the goal of increasing food production without Received: 27 February
excess use of chemical fertilizers. In the present investigation 44 root nodule 2024
bacterial strains or microsymbionts were isolated from root nodules of Zornia Accepted: 01 April 2024
gibbosa growing in Central Aravalli region. These isolated RNB strains
were examined for their phenotypic and biochemical activities such as salt Keywords
tolerance, pH tolerance, bromo thymol blue (BTB) reaction, catalase activity, Biofertilizers; ~
. . .. ) . . Central Aravalli Region;
oxidase activity, cellulase activity, amylase production, indole production, Rhizobia:
citrate utilization and gelatin hydrolysis. All tested isolates showed significant Root Nodules;
diversity in their phenotypic and biochemical activities. The majority of the Zornia gibbosa
strains were limited to a tolerance of up to 3% NaCl concentration; however,
strains 22, Z13, Z14, Z15, Z21, and Z22 demonstrated tolerance up to a 5%
NaCl concentration. A total of 29 isolates were able to grow within the pH
range of 5-10. Few isolates showed positive results for citrate utilization (Z4,
218,222,232 and Z44) and amylase production (Z4, Z6, Z21, Z25 and Z42).
In this study only one isolate Z22 showed indole production. Conversely, when
assessing various enzyme activities such as cellulase, catalase, protease,
and gelatinase, all the isolates demonstrated considerable diversity. This
type of study is essential for developing superior biofertilizers containing
indigenous bacterial strains to enhance production.
Introduction size of operational land holdings is also decreasing

The population of world is increasing day by day. and it is 2.73 hectare. It will be a challenging task
India has reached 1.21 billion, whereas population  to elevate the agricultural production whereas rate
of Rajasthan is 6.85 crore. In Rajasthan, the average  of population and urbanization is increasing.! To
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increase the production and economically self-
stabilization, farmers use chemical fertilizers in the
fields. Human health as well as ecological imbalance
is the major concerns in use of these chemical
fertilizers. Nature gave us the most efficient and
self-governing process called Symbiotic nitrogen
fixation to overcome dependency on chemical
nitrogen fertilizers.? Legumes have the ability to
establish this mutual relationship with soil rhizobia
that helps legumes to use environmental nitrogen.>*
Biological nitrogen fixation contributes around 60%
of total nitrogen fixation taking place on earth.®
Rhizobia represent a diverse group of bacteria that
are characterized as gram-negative, rod-shaped,
and non-spore-forming. Rhizobia are classified into
18 genera and 238 species of nodulating bacteria
belonging to three class alphaproteobacteria,
beta proteobacteria and gamma proteobacteria.®
The Family leguminoseae is 3 largest family of
angiosperms comprising 751 genera and 19,500
species.” The connection establishment between
rhizobia and legumes depends on several
environmental abiotic factors like salinity in
rhizosphere, soil temperature and draught conditions,
which can act as a barrier in nodule formation.®®
Nodules are the favourable spots for bacteria as
they provide a protected environment for their
multiplication and survival.'®

In the Great Thar Desert of India, species of Ensifer
are predominant in forming nodules on legume
plants, however other nodulating rhizobia were
also reported."'® The Aravalli Range, an ancient
mountain range, serves as a natural barrier that
prevent the expansion of the Thar Desert. The central
part of the Aravalli range extends across several
districts in Rajasthan, including Ajmer, Jaipur, and the
southwestern portion of Tonk. It comprises around
21000 square km. area. Recently, some legume
species in the Central Aravalli region have been
studied for their associated rhizobia.'®'” Yet, many
species of nodulating legumes in this area have not
been characterized in terms of their microsymbionts.
The current study is aimed at identifying and
characterizing the rhizobia associated with the
Zornia gibbosa Span. Native legume Zornia gibbosa
is a branched, prostate, diffused of sub-erect annual
herb with raceme inflorescence and yellow flowers.
The flowering and fruiting occur in the month of
August to October during monsoon season. It is

commonly found in wastelands and grass lands with
wet, shaded habitat.’® Characterizing the rhizobia
associated with indigenous legumes enhances our
knowledge of the symbiotic interactions between
legumes and rhizobia. This research provides
important insights into their ecological functions and
the potential advantages they offer for sustainable
agricultural practices in the region.

Material and Methods

Survey and Collection

Root nodules of Zornia gibbosa were collected
during monsoon season from various sites at Jaipur
(Jhalana, Amer, Jamwaramgarh and Achrol)
and Ajmer (MDSU Campus, Pushkar, Picholiya)
districts in Central Aravali range. Viable seeds and
rhizospheric soil were also collected from these sites
for rhizobia trapping experiment.

Rhizobia Trapping Experiment & Nodule
Harvestation

Healthy Seeds of Zornia gibbosa were surface
sterilized followed by scarification and dipped
into water for about an hour. Swollen seeds were
sowed in pots containing rhizospheric soil during
monsoon season. After 8 weeks the healthy plants
were harvested for their nodules by using standard
methods.'®

Isolation and Purification

With the help of scalpel blade nodules were excised
from the roots and surface sterilized with 90%
ethanol for half minute, then 0.1% mercuric chloride
for 3 min. and followed by six rinses with sterile
distilled water as described in standard protocol."®
Congo red-Yeast extract mannitol agar (CR-YEMA)
plates were prepared for isolation and purification
of root nodule bacteria.?’ Surface sterilized nodules
were crushed on sterile plates and loop filled with
nodule suspension streaked on CR-YEMA plates
and plates were incubated at 28°C for 48-72 hours.
Plates having more than one type of colonies were
further processed to obtain separate colonies and
re-streaked to get pure culture. Pure isolates were
given a name and stored at 4°C.

Phenotypic and Biochemical Characterization
All purified isolates were tested for following
phenotypic and biochemical parameters by using
standard methods and protocols.
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pH Tolerance

YEMA plates with the range of pH 5 to 10 were
inoculated with pure bacterial culture and incubated
at 28°C for 48-72 hours and recoded for tolerance to
acidic or alkaline pH. The pH was adjusted with the
help of 1N NaOH and 1N HCI.?" Growth on various
pH will be considered as positive result.

NaCl Tolerance

With the salt concentration of 0.5 to 6% (w/v) range,
isolates were tested for NaCl tolerance. YEMA plates
with above salt concentration were inoculated with
bacterial culture and incubated at 28°C for 48-72
hours. The bacterial growths on plates were noted
as positive results that indicate the ability of isolates
to withstand the respective concentration of salt, thus
providing a measure of its salt tolerance capability.

BTB Reaction

The alkali or acid production by the bacterial isolates
was determined by bromo thymol blue (BTB)
reaction. For this BTB-YEM broth'® is prepared and
inoculated with fresh activated rhizobial cultures.
After inoculation, incubated in shaking incubator
at 30°C and 100 rpm for 2-3 days. The colour of
control BTB-YEM broth was green at neutral pH.
Acid producing bacteria turned green colour in yellow
colour whereas alkali producing turned in blue colour.

Oxidase Activity

To determine the oxidase activity in rhizobial strains,
white oxidase test discs were placed onto fresh
cultures of these strains. A change in color of the
discs from white to blue signifies the presence of
oxidase activity in the rhizobia, indicating a positive
result. Conversely, if the disc retains its original white
color, itis indicative of a negative result, showing the
absence of oxidase activity.

Citrate Utilization

Simmons citrate agar is used to detect the ability of
bacteria to utilize citrate as source of carbon.?' For
this Simmons citrate agar slants were formed and
then inoculated with fresh activated bacterial strains
and then incubated at 28°C for 2-3 days. Change in
the colour of slants from green to blue indicates that
bacteria use citrate as an energy or carbon source,
while no change in colour shows negative result.

Catalase Test

To confirm the catalase enzyme activity of rhozobial
strains, test tubes containing fresh YEM broth
medium were inoculated with fresh rhizobial strains
and incubated at 28°C for 3-4 days. After incubation
3-4 drops of 3% hydrogen peroxide (H,O,) were
added in each culture tubes. Release of oxygen
gas due to breakdown of H,O,, leads to bubbling
or foaming in test tubes and considered as positive
result.?!

Cellulase Activity

The ability of rhizobial isolates to produce
extracellular cellulase enzymes enables them to
catalyze the breakdown of cellulose into sugars. To
perform this test Carboxy methyl cellulose (CMC)
Congo red plates were inoculated with activated
rhizobial cultures and incubated at 28°C for 3-5
days. Cellulase producing bacteria used this CMC as
substrate and showed halo zone around their colony
and no halo zone represented negative results.

Gelatin Hydrolysis

This test detects the activity of gelatinase enzyme
that rapidly hydrolyses the gelatin and to use gelatin
as a source of nutrient by rhizobia. For this, nutrient
gelatin media (peptone water with 12% gelatin)
containing tubes were inoculated by fresh rhizobial
culture and incubated at 28°C and 120 rpm for 3-5
days. After incubation tubes were kept in refrigerator
at 4°C for 30 min. to solidify the media. Inoculated
tubes that remained in liquid state considered as
positive result (activity of Gelatinase in hydrolysis)
while solidification considered as negative results.
Re-incubate all the solidified tubes for additional 5
days and then again kept at 4°C for 30 min. liquefied
tubes showed slow gelatin hydrolysis.?!

Amylase Production

The amylase enzyme catalyzes the hydrolysis
of starch into simpler sugars. To assess the capability
of rhizobia to utilize starch as a carbon source,
a specific test was conducted. Fresh inoculums
of rhizobia were spread on nutrient agar plates that
were enriched with 0.2% soluble starch. These
plates were then incubated at a temperature
of 28°C for a period ranging from 24 to 72 hours.
Amylase converts starch into sugar by hydrolysis.
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Amylase producing ability of rhizobia were accessed
by inoculating fresh rhizobial cultures onto nutrient
agar medium plates supplemented with 0.2% soluble
starch. Inoculated plates were incubated at 28°C for
24-72 hours and subsequently these plates were
flooded with iodine solution. A clear halo zone around
colonies (due to starch hydrolysis) considered as
positive result.!

Protease Activity

Proteolytic enzymes (proteases) convert complex
protein casein (milk protein), into its simple forms like
polypeptides, dipeptides and up to individual amino
acids. To perform this test skim milk agar plates were
inoculated with fresh rhizobial strains and incubated
at 28°C for 24-72 hours. A clear halo proteolysis zone
around colonies indicates secretion of protease by
particular isolate and considered as positive result.

Indole Production

This determine whether rhizobial strains are able
to convert tryptophan into the indole or not. Test
tubes filled with 1% tryptone broth were inoculated
with fresh inoculum and incubated at 28°C for 48-
72 hours. Kovac's reagent was further added to
culture tubes and pink layer on the top of the media
considered as positive result for indole production.

Results and Discussion

Root nodules from the leguminous plant Zornia
gibbosa were gathered across eight locations within
the Central Aravalli range, including Jhalana, Amer,
Jamwaramgarh, Achrol in Jaipur, as well as the
MDSU Campus, Pushkar, and Picholiya in Ajmer
(Figure 1). Additionally, nodules were also collected
from rhizobia trapping experiments, enriching the
diversity for study. The field view of plant along with
their flowers and pods, the setup of the rhizobia
trapping experiment, and the plant's complete root
system with nodules were shown in figure 2A-E.
The nodules in Zornia gibbosa showed a pattern of
determinate growth, took on a globular shape, and
were predominantly found on the plant's primary
roots. A similar type of nodules has been reported
in Alysicarpus and Rhynchosia in Thar Desert.
These nodules were further processed to get root
nodule isolate on YEMA culture plates. A total of 44
isolates of RNB (root nodule bacteria) were purified
and examined for their colony characteristics. Most
of the RNB isolates were showed rhizobia like
colony characteristics like white, translucent/opaque,
mucilaginous, raised, entire with smooth margins
(Table 1, Fig 2F). Similar observation also reported
by other researchers.'?17:1°
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Fig. 1: Root nodules and germplasm collection sites in Central Aravalli range



SHARMA et al., Curr. Agri. Res., Vol. 12(1) 190-201 (2024) 194

Fig. 2: Plant system Zornia gibbosa: field view of plant (A), flowers and pods (B), rhizobia trapping
experiment (C), root system with nodules (D-E) and pure culture of rhizobia (F)

Table 1: Colony characteristics of RNB strains isolated from Zornia gibbosa

S. No Colony characteristics

Isolate

1.

2.

10.

1.

12.

13.

White, opaque, non-mucilaginous, raised, non-gummy,
smooth margins

Watery, transparent, mucilaginous, raised, gummy,

smooth margins

White, translucent, non-mucilaginous, raised, non-gummy,
smooth margins, became dried in some days

Watery, translucent, mucilaginous, raised, gummy,

smooth margins

Watery, translucent, non-mucilaginous, raised, non-gummy,
smooth margins

White, translucent, mucilaginous, raised, non-gummy,
smooth margins

Yellowish white, translucent to opaque, mucilaginous, raised,
non-gummy, smooth margins, dried in some days

Reddish white, opaque, mucilaginous, raised, non-gummy,
smooth margins

Reddish, opaque, non-mucilaginous, raised, gummy,
smooth margins

Reddish watery, translucent, mucilaginous, raised,
non-gummy, smooth margins

Watery, translucent, mucilaginous, raised, non-gummy,
smooth margins

Reddish white, opaque, mucilaginous, raised, gummy,
Smooth margins

Reddish watery, translucent to transparent, raised, gummy,
smooth margins

Z1,72,74, 7211, Z13
75,77, 79, 723
712,722, 727, 728, Z30
Z3,78,719

76,733

Z10

Z15

716, 217, 218, Z24, 731,
Z34, 735, 744, Z37
721,214

725,726, Z38

Z29

732

Z20, 736, Z39, Z40, Z41,
Z42, 743
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All 44 RNB isolates were showed significant diversity
in their phenotypic and biochemical characteristics,
which are detailed in Table 2 and illustrated in Figure 3.
On the basis of BTB reaction tested bacteria were
classified as alkali producer or acid producer. Among
44 isolates tested isolates, 8 isolates were acid
producing bacteria (appearance of yellow colour)
whereas 8 were alkali producers (appearance of blue
colour). These results show resemblance with
fast and slow growing strains isolated from root
nodules of soybean in Brazil.?? Similar results were
also observed for rhizobial strains isolated from
chickpea grown in Ethiopian region.? All isolates
were examined for NaCl tolerance with range of
0.5% to 5% NaCl concentration. Most of the strains
were restricted upto 3% concentration however Z2,
213,714,215, Z21 and Z22 were tolerant upto 5% of
NaCl concentration (Table 2, Fig 3). Similar outcomes
were also observed by many other reasearchers.?+%
Additionally, rhizobial strains isolated from cowpea
in Western Kenya were also highly tolerant to NaCl
concentrations.?® Numerous studies have indicated
that rhizobia with salt tolerance capabilities play a
significant role in enhancing the ability of associated
legume crops to withstand saline conditions.?”-2¢ This
synergy between salt-tolerant rhizobia and legume
crops holds potential for sustainable agricultural
practices in saline-affected areas.

195

All 44 isolates were also tested for their tolerance for
pH range of 5 to 10 and distributed in seven groups.
Major group comprising twenty-nine strains were
able to grow pH range of 5 to 10, while some strains
like 21,211,229, Z31, and Z33, exhibited heightened
sensitivity to changes in pH and were able to grow
pH range 7-8 (Table 2, Fig 3). In compare to fast
growing bacteria, slow growing bacteria show much
tolerance to low pH.? Similarly in present study the
slow grower strains (Z3, Z26 and Z32) were showed
good growth at pH 5 in compare to other strains. The
overall findings indicate that the rhizobia present
in the Central Aravalli region are more adapted
to alkaline conditions. This adaptation suggests
that these microbial populations have evolved
mechanisms to thrive in environments with higher pH
levels, which is characteristic of the soil conditions
in this geographical area. Such a propensity for
alkaline tolerance underscores the potential of these
rhizobia to support leguminous plant growth in similar
soil conditions, highlighting their importance for
agricultural practices in the Central Aravalli region
and other areas with alkaline soils. Similar results
were shared by other researchers in Rajasthan as
well as from different country.214.50-31

Table 2: Biochemical characteristics of RNB strains isolated from Zornia gibbosa

2 )
PR S 92> 82z 98 82 32 38 o8 B2 5
= 98 zg £5 3% T§ 53 33 33 ¥ £F eg
a Z3 s 58 38 6% 8% 28 EF £3 5% o g

s § °°6¢ 5 °° eF g TE 8

e e
Z1 0.5% 7-8 + - - - - - - - Neutral
z2 5% 5-10 + + - + + - - + Acidic
Z3 0.5% 5-10 + - - + - - - - Basic
Z4 4% 7-10 + + + + - + - - Acidic
Z5 1% 6-10 - - - + - - - - Neutral
Z6 1% 5-10 + - - - + + - - Neutral
z7 2% 5-10 - - - + + - - - Basic
Z8 0.5% 5-10 - - - - - - - - Neutral
Z9 3% 6-8 - - - - - - - - Neutral
Z10 2% 5-10 + - - - - - - - Basic
Z1 0.5% 7-8 + - - - - - - - Neutral
212 2% 5-10 + + - - + - - - Neutral
Z13 5% 5-10 - + - + + - - - Acidic
Z14 5% 5-10 - - + + - - + Acidic
Z15 5% 5-10 + + - + + - - + Acidic
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216 3% 6-8 - - -
217 3% 6-8 - - -
Z18 2% 5-10 + - +
Z19 1% 5-10 + - -
Z20 0.5% 7-10 - - -
721 5% 5-10 + + -
722 5% 5-10 - - +
723 0.5% 5-10 - - -
724 4% 6-10 + + -
725 1% 5-10 + - -
726 1% 5-10 + + -
727 1% 6-9 + - -
728 3% 5-10 + - -
Z29 0.5% 7-8 + - -
Z30 1% 5-8 + - -
Z31 0.5% 7-8 + + -
732 1% 5-10 + - +
Z33 0.5% 7-8 + - -
734 3% 5-10 + - -
Z35 0.5% 5-10 + + -
Z36 3% 6-8 - - -
Z37 1% 5-10 + - -
Z38 0.5% 5-10 + - -
Z39 1% 5-10 - - -
Z40 0.5% 5-10 + - -
Z41 1% 5-10 + - -
742 2% 5-10 + + -
743 1% 5-10 + - -
Z44 3% 5-10 + + +

[ e + '+

+
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Neutral
Neutral
Neutral
Neutral
Neutral
Acidic

Acidic

Neutral
Acidic

Neutral
Basic

Neutral
Neutral
Neutral
Basic

Neutral
Basic

Neutral
Basic

Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Basic

[
' '
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+
'
'
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[
' '
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In gelatinase activity all isolates showed negative
result except Z2, 214, 215, 232, 234, Z37, Z42, and
Z44 (Table 2). Similar to our findings the rhizobia
isolated from Phaseolus vulgaris (Odisha),*> Cajanus
cajan (Telangana),® Cicer arietinum (Afghanistan)3
and Groundnut (Myanmar)®® were also showed
negative results for gelatinse activity. In our study
15 isolates were tested positive for catalase activity
and 32 isolates were for oxidase activity (Table 2,
Fig 3). The catalase activity of rhizobia helps the
leguminous plants to mitigate oxidative stress,
leading to enhanced growth, increased resilience
to environmental stresses, and overall better plant
health. Two isolates Z13 and Z24 were found with
maximum catalase activity. In present study among
44 RNB isolates only few were showed positive
results for citrate utilization (Z4, 218, 222, 232, Z44)
and amylase production (Z4, Z6, Z21, 725, Z42)
(Table 2, Fig 3). Similar results were also observed
by many other researchers.?3-38 |n Ethiopian region
92% isolates form Cicer arietinum L. and 100%

isolates isolated from rhizosphere of chickpea and
pea nodules exhibited amylase production.3-40
Bacterial strains exhibiting indole production are
recognized as good plant growth-promoting isolates.
In our study one isolate Z22 tested positive for
indole production (Table 2). Similar observation
has been also observed for the rhizobial strains
isolated from cowpea, elephant, lablab and mung
bean.**2 Out of 44 RNB isolates, 15 isolates were
found positive for protease activity (Table 2) and
similar results were also recorded from Central
Java where 9 isolates showed protease activity.*®
In present study, we observed positive cellulase
activity in 12 isolates. Similarly, 50% RNB isolates
of Alysicarpus vaginalis from Thar Desert showed
positive results for cellulase activity.** In Ethiopian
region 38% and 48% RNB strains isolated from
soybean and groundnut respectively, were tested
positive for cellulase activity.*>¢ Over all root nodule
bacterial strains associated with Zornia giobbsa were
highly diverse in their phenotypic and biochemical
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characteristics. Certain superior strains identified  for application in the synthesis of biofertilizers and
in this study, such as Z22, Z42 and Z44, which implementation in revegetation programs.
displayed diverse enzymatic activities, hold potential

Fig. 3: Phenotypic and biochemical activities of isolates: (A) NaCl tolerance,
(B) pH tolerance, (C) Indole production, (D) Gelatin hydrolysis, (E) Citrate utilization,
(F) Oxidase activity, (G) Protease activity, (H) Cellulase activity, (I) Amylase production,
(J) BTB reaction and (K) Catalase activity
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Conclusion

In the present study, forty-four isolates were
isolated from the root nodules of Zornia gibbosa
collected from various sites within the Central
Aravalli range. All the isolates were tested for their
phenotypic and biochemical characteristics. Most
of the strains produced white, raised, translucent,
raised colonies with smooth margins. The isolates
demonstrated tolerance to both salt and pH stress
and exhibited positive results for various enzymatic
activities, including catalase activity, oxidase activity,
protease activity, cellulose activity, BTB reaction, and
amylase production. The comprehensive analysis
of root nodule bacterial strains associated with
Zornia gibbosa revealed a remarkable degree of
diversity in both their phenotypic and biochemical
features. This significant variation underscores the
heterogeneous nature of the root nodule bacterial
community associated with Zornia gibbosa, reflecting
adaptability and versatility among these bacterial
strains in response to the plant's root nodule
environment. Further molecular analysis of selected
isolates is needed for their identification and beneficial
use in agriculture system.
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