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ABSTRACT
Rhizobium plays an important role in agriculture by including nitrogen fixing nodules on the roots
of legume plants. The present study describes the characterization of Rhizobium strain isolated from
root nodules of Cassia alata. The rhizobium strains were rod, gram negative and acid producing in
nature. They utilized glucose and starch as sole carbon source and showed sensitivity against
different antibiotics such as chloramphenicol, kanamycin and streptomycin. The growth of the
isolates in glucose peptone agar medium confirmed the isolates to be Rhizobium.
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INTRODUCTION
Legumes include important grain, pasture and agrestry species. They are harvested as crops for
human and animal consumption as well as used gs fpulpaper production, fuel-woods, timber, oil
production, sources of chemicals and medicines, aaadalso cultivated as ornamental, used as living
fences and firebreaks among otferd_egumes should be planted in light soils, notnsach for their
own crop as for the good they do to subsequenstropecognizing the importance of multiple cropping
and intercropping production. Legumes form nodwiéth rhizobia; they have high levels of nitrogen
available to them. Their abundance of nitrogeneisdficial not only to the legumes themselves, Bd a
to the plants around them. In return for the fixetlogen that they provide, the rhizobia are predid
shelter inside of the plant's nodules and sombetarbon substrates and micronutrients that theg o
generate energy and key metabolites for the celpriacesses that sustain tffeLeguminous plants are
important not only ecologically but also agricu#lly because they are dependable for the key ceiorer
of nitrogen from atmospheric,Mo ammonia. Throughout the world about 44-46 wnilltons of N are
fixed per annum, of which approximately half of thi&rogen is used in agriculture and this is mostly
carried out by the symbiotic nitrogen fixers susiRlizobium®,
Rhizobia in association with leguminous plants hdlve ability to form species-specificfixing
symbiotic associations. Use of nitrogenous fediliduring the growth of leguminous crops can be
relieved because of this symbiosis. Many Rhizohia form nodules with several wild or crop legumes,
and can also be a source for genetic informatidmpsove symbiotic characters of other Rhizobidhe
interaction that occurs between the plant and Hieobia during nodule formation and maintenance
constitutes a novel prospect to study signal tractioh in a plant system. The expression of "nctifurtd
genes in the bacteria is activated by flavonoidsnfiplant roots and as a result the bacteria syisthes
signals to enter this meristem via a plant-madeciidn thread. The consequence of Rhizobia to legum
are not constrained to their symbiotic nitrogemafii@n activity, but some strains of Rhizobia alsoduce
plant hormones, antimicrobial compounds etc.
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In this study, we have characterized bacteriabigsl from the roots of wild leguminous plant Cassia
alata. The common name @. alata is candle-bush or candlestick senna. It is thetfolargest genus of
the family Leguminosae, the largest genus of thefamily Caesalpinaceae. It is an erect tropicahual
herb with leathery compounded leav&be shrub stands 3-4 m tall, with leaves 50-80@mng.| The
inflorescence looks like a yellow candle. This peial herb has an erect, waxy yellow spike thatrsee
to be fat candles. The large leaves are bilatgraligetrical opposed and fold together at night. froi

is a pod, which is up to 25cm long. Its seed as&ributed by water or animals. It is a type of oneatal
plant. C. alata is a very important herbal medicinal plant throoghthe world. This plant is used both
internally and externally in the treatment of aietyr of skin and respiratory disease. Chattegjea., in
their study reported that fresh or dried leafle€Coélata had been used as medicines and different parts of
the plant were used in ayurvedic medicine and hoemedies for regular ailments in the cure of
constipation, stomach pain, ring worm and skinatge Along with its medicinal usg alata also proved

to possess antibacterial property and found toffeeteve against some clinical isolates of Gramifpes
and Gram-negative bacteria as well as against duUregi which are mostly dermatophytes causing skin
infection in human being8eing a legume, ithas a relevant role in sustainable agricultureyTdan be
easily planted in gardens for medicinal uses, oardat purpose and to enhance soil fertility. Tham
objective of the study is to isolate and categod@zotrophs with respect to their morphologicadl an
biochemical nature.

MATERIALS AND METHODS
Isolation of rhizobium from Cassia alata roots
For isolation of rhizobium, fleshy root nodules@dssia alata were collected from the plants grown in
five different places of Barak Valley region. Thellected nodules were first washed with normal tap
water and then washed with 0.1% Hg&dlution for about 5 minutes. These were then drinesterile
distilled water several times in order to remove themicals. Several drops of 70% (v/v) industrial
methylated spirit was transferred to a sterileiggite using a pipette and the wash portion of were
dipped into the alcohol and leaved immersed forri#2. Sufficient amount of sterile water was pipdtt
into another sterile petriplate using a sterileepigp Using a sterile forcep the portion of thetsoeere
transferred to the sterile water in the petri ptateinse off the alcohol. This operation was repéaat
least twice more with fresh sterile wat&hizobium strain were obtained by streaking the crushed root
nodules on YEM (yeast extract mannitol, pH 7.0)rggates and incubated at 29.4°CAfter 2 days of
incubation, Rhizobium colonies were obtained. Streaking, spreading asdaVidescription of colony
morphology helped in isolation of pure culturesRbizobium. Further analysis and biochemical tests
were performed in triplicates using pure isolates.
Morphological characterization of recovered isolate
Morphological characteristics of recovered isolatigs colony size, form, colour, margin, elevatiware
taken into account for preliminary characterizatidrihe isolates by examining the growth of thddses
on solid media in petri plates. To study the cedtifity and shape, single colony from the agarg¢davas
transferred to a drop of sterile water on glasteséind observed under light microscope (Olympudia)n
at 100x magnification.
NacCl, pH and temperature variation assay
Tolerance to sodium chloride was determined on Y&ddr plates containinighizobium culture having
different concentrations of NaCl ranging from 1684 (w/v). Tests were performed in triplicate. Growt
was observed by measuring the optical density at @@ after 48h of inoculation. The effect of pH
extremes on the growth of the organism was detehiim YEM agar by adjusting the pH to 3.5, 4.0, 5.0
6.0, 7.0, 8.0 and 9.0. All the plates were incuthate28°C for 72 hours and YEM medium plates were
used as controls. Difference in the range of grotetimperature were investigated by incubation of
bacterial cultures in YEM agar at 32°C, 34°C, 3638;C and 40°C. Control plates were incubated at
28°C. Strains were considered salt tolerant, msigb acidity and temperature resistant when dravas
similar to the growth in the control plates.
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Biochemical characterization

Gram Staining

Gram staining is an empirical method of distingiighbacterial species into two large groups (Gram-
positive and Gram-negative) based on the chemicdl ghysical properties of their cell walls. For
observation under light microscope, slides of ismlaand purified bacterial cultures were prepad f
gram staining by the Vincent’s metHadA loopful of bacterial culture is smeared on asgl slide and
allowed to air dry. The smear was then heat fixé@t the help of spirit lamp, stained with crystablet

for one minute and slightly washed with distillecditer. Gram’s iodine solution was then added and
waited for about one minute. The smear was theoldezed with 95% ethanol for one minute. This can
be done in a steady stream, or a series of wadtes.sample was washed with distilled water and
counterstained with safranine for 2-3 minutes. Ttienslide was washed with distilled water, aiedri
and observed under light microscope (Olympus, dhdia 40 x and 100x magnification using oil
immersion.

Glucose peptone agar (GPA) and lactose assay

To determine the ability of the microorganism tdizé¢ glucose as the sole carbon source for itsvtiro
GPA assay was performed. GPA medium (40 g/L glucbsg/L peptone, 15 g/L agar, pH 7.0) was
inoculated withRhizobium culture. After incubation growth was observed. e same way lactose test
was done to check the capability of the micro-oigranto utilize lactose present in medium (10 g/L
lactose, 5 g/L peptone, 3 g/L beef extract, 15aghr, pH 7.0) as the sole carbon source for itastiro
Presence of growth was observed after 48 hoursdiogoto

Vincent"".

Gelatin hydrolysis

The test was performed to determine the abilitypn@froorganisms to produce gelatinase enzyme and use
gelatin as media source. Degradation of gelatiicaids the presence of gelatinase enzyifiee actively
grown cultures were inoculated in nutrient gelatiedium (5 g/L peptone, 3 g/L beef extract, 12 g/L
gelatin) and grown for 48 h. On subjecting the gngnculture to low temperature treatment at 4°C30r
min, the cultures which produce gelatinase remémqeefied while others due to presence of gelatin
becomes solid.

Catalase Test

This test was performed to study the presence tafas®e enzyme, which converts hydrogen peroxide to
water and oxygen in bacterial colonies. Bacter@bmies were taken on glass slides and one drop of
H,0, (30%) was added. Appearance of gas bubble indidhtepresence of catalase enz¥ine

Starch Hydrolysistest

Starch (GH1Os) is an insoluble polymer of glucose which actsaasource of carbon and nitrogen for
microorganisms, which have an ability to degradmthTo determine capability of microorganism to use
starch as carbon soufcéhis test was performed. Starch agar platesl(peptone, 2 g/L potato starch, 3
g/L beef extract, 15 g/L agar and pH 7.0) were greg and streaked with suitable culture. The miesob
were incubated at 37°C for 48 hrs. Production afagellular enzymes occurs in the presence ofstarc
indicating the potential of the organism to usecétas carbon source. lodine test was used tordieter
capability of microorganisms to use starch. lodinkition was poured on 48h cultures grown on petri-
plates. Formation of blue color indicated non-métion of starch and vice versa.

Nitrate reduction test

Some bacteria use nitrate (MQin place of oxygen as an exterior terminal el@ttacceptor. At the
beginning, nitrate can be reduced to nitrite. Isecaf aerobic bacteria, oxygen is first used toichvo
nitrate reduction and then make use of nitrite. fitidte may promote nitrogen, ammonia; nitrogeidex
(N2O).The enzyme reaction is catalyzed by nitrate cehe. Nitrate Broth comprising of 1g/L potassium
nitrate (KNQ), 5g/L peptone, 3g/L beef extract and pH 7.0 wapared in test tubes. After inoculation
and incubation at 37°C for 48 hours, 3 drops ohtettest reagent (20g/L zinc chloride, 4g/L staBgilL
potassium iodide) was taken in a porcelain plateladrop of sulphuric acid was added to it.
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To the mixture, 1 drop of bacterial culture wasntfaded. Appearance of blue colour indicated that
nitrite was produced. If no blue colour developbén there might be two possible reason-

» there was no occurrence of nitrate to nitrite réidacor

« all the nitrite so formed must have been conveiether to other products.

In such situation, zinc dust was added to eachtBpbtappears to be negative for blue colour. Btilere
was no blue colour, it means bacteria reducedteittad nitrite was formed. Another possibility vias
get blue colour and it means that the bacteriandideduce the nitrate.

Ureasetest

Urea is a waste nitrogenous material and is exdretg by animals. Some bacteria degrade urea into
ammonia and CO Urease is a hydrolytic enzyme that attacks thegen and carbon bond in amide
compounds such as urea and form alkaline end pr@eguammonia. Due to production of ammonia, the
urease production can simply be confirmed. UreatBkbedium comprising of 20g/L urea, 0.1g/L yeast
extract, 9g/L potassium diphosphate @R@,), 9.5g/L dipotassium hydrogen phosphateHROy),
0.01g/L phenol red was prepared and pH adjustédBtdBacterial culture were inoculated and incuthate
which were observed for the production of color axding to Lindstrom and Lehtomaki As the
substrate urea is split into its product, the preseof ammonia creates an alkaline environment that
causes the phenol red to turn to a deep pink colds is a positive reaction for the presencerefse.
Antibiotic sensitivity test

The susceptibility or resistance of rhizobia toaamibiotic was assayed with the help of antibiatisc
test. Some antibiotics kill the bacteria whered®d prevented the bacteria from multiplying sd the
host's immune system could overcome them. Mullantddi Agar media plates were prepared and
antibiotic discs were placed equidistantly usirgyile forcep. The plates were incubated at 37°C4tor
hrs. Resistance to an antibiotic was detected yirthibition zone formed around the discs usingkDis
Diffusion method®. Five antibiotic discs were used viz. erythromyocatloramphenicol, ampicillin,
kanamycin and streptomycin.

RESULTS AND DISCUSSION
A total of 50 bacteria were recovered from root uled of Cassia alata, collected from different agro
climatic regions of Barak Valley, Assam. Generatmscopic observation of the isolates appeareato b
non-sporing rod cells and gram negative in natAteisolates showed the same colony characteristics
after 48 hours of incubation. The colonies werekynivhite, translucent, circular in shape, shinysed
and 2-4 mm in diameter. The pH of the medium amdhbduring growth of isolates was changed from
7.0 to 6.0, thus showing the production of acidahihis the characteristic &hizobium to produce acid
during growth.
Nitrogen fixation and nodulation in legumes is figantly reduced by salt stress. Salt stress may
decrease the competence of tiRhizobium-legume symbiosis by reducing plant growth and
photosynthesis, and consequently nitrogen demandetreasing survival and proliferation of rhizolsia
the soil and rhizosphere, or by inhibiting chematand root hair colonization, thus directly intifg
with root nodule function, Hasheehal 2. Growth at 1% NaCl were indicated in our experitrart were
incapable to grow on higher concentrations, thueesing that the isolate was sensitive to the péit.
range for rhizobia was observed within 5.5 to Rb6.growth was observed in the medium with pH 3.5.
At pH 4, 50% of the isolates exhibited an acidrafe character. Similar results were observed by &a
al.,’ Kucuket al.,' Baolinget al.,> . The maximum temperature where more than 85%igolates
grew was 36°C. No growth was seen at temperati€ 40d 45°C.
Rhizobial cells were able to grow on the GPA meshiawing the utilization of glucose as the carbon
source by th&hizobium. It is a positive test fdrhizobium and these are able to utilize glucose as carbon
sourcé’. Positive results were obtained from the staratirdlysis assay. Applying iodine to inoculated
plates, clear zones around the colonies were getha colonies turned yellow in appearance, wiserea
no growth areas appeared blue in colour. This madpthat the isolates had the potential to hydrolyze
starch present in the medium.
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Rhizobium strains can utilize starch obtained from differsotirces was also observed by De Olivetra
al.”. It was observed that the rhizobial strains doprotiuce gelatinase enzymes as medium containing
gelatin solidified when kept at 4°C for 30 and 6ihues. Negative gelatinase activity is also auieabf
Rhizobium’. In this study, all isolates were catalase andseeositive. The isolates showed evolution of
bubbles hence they enhance catalase activity witniplements the finding of Lupwayi and Haguén

the nitrate reduction test, all isolates fr@@assia alata resulted to be positive on addition of zinc dust.
Nitrate is reduced to nitrite producing ammonia.

Antibiotics erythromycin and ampicillin resistanmoped resistance towards tRhizobium isolates at the
amount of antibiotics under observation. Howeuehjzobium was susceptible to chloramphenicol,
kanamycin and streptomycin. 3.5, 2.5 and 2.0 cmewidre diameter zone of inhibition against
chloramphenicol, kanamycin and streptomycin, retypaly.
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