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This paper deals with the study on effect of storage fungi on the physic-chemical properties of sunflower
oil. Previously isolated fungi from abnormal sunflower seeds by using agar plate method were used for the study.
It is clear from the result that, great variation in the moisture content and specific gravity was noted in deteriorated
sunflower oil. Maximum moisture content was observed due to Penicillium chrysogenum whereas, both Curvularia
species and Fusarium oxysporum showed minimum moisture content. Chemical parameters namely, iodine number,

saponification number, free fatty acid and peroxide value of fungal deteriorated sunflower oil were estimated which
are found to be more or less decreased or increased. Drastic decrease in Todine number of deteriorated sunflower
oil was observed due to Macrophomina phaseolina. All the fungi were found to be responsible for increase in the
saponification number. Penicillium species hampered the free fatty acid content in the deteriorated oil. On the other
hand, maximum decrease in the peroxide value of the deteriorated sunflower oil was caused due fo Fusarium species.
Quality of the oil with respect to edible or nonedible is depend upon the fluctuations due to fungi in the physical as

well as chemical parameters.
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Introduction :

Sunflower (Helianthus annus L.) belongs to the

‘mily Asteraceae and mainly grown for its oil. Sunflower
was introduced in India as an oilseed crop for the first time
in 1969. In 2008-09, world sunflower seed production
was 33.3 million tonnes, around 8.5% of the total oilseeds
production of world. European Union, Russia, Ukraine,
Argentina, United States, China, India and Turkey are the
major producers of sunflower seed in the world market.
Sunflower oil is healthy and naturdl ‘edible oil known for
its light and odorless characters. It is excellent source of
unsatiirated fats, fiber, vitamin E, selenium, COpper, zinc
and B-complex vitamin (Weiss, 2000). Sunflower oil is
derived from sunflower seed carrying nearly 45-50% oil
content. The protein content is around 25% and sunflower
meal isused asa protein sourcein animal feed preparation.
The oil is used for culinary purposes, in preparation
of vanaspati ghee and in the manufacture of soaps and
cosmetics. Sunflower oil is considered as healthy oil. It
is especially recommended for heart patients. Its cake
is rich in protein and is used as a cattle and poultry
feed. Sunflower oil is the non-volatile oil expressed
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from sunflower seeds. Sunflower oil is commonly used
in food as a frying medium. During storage condition
sunflower is affected by the diseases caused by fungi as
well as by other phytopathogenic microorganisms and
affected seeds may rot before emergence of seedlings.
Such seedlings exhibit damping off, root rot and downy
mildew, leaf spot or stem rot symptoms (Sangawan et
al., 2005). As integral diet components, edible oils from
plant provide characteristic flavors and textures to foods
(Odoemelam, 2005). Chemical compositions of the oil
determine the keeping quality of the oils, for instance, the
percentages of the degree of unsaturation (Okpokwasili
and Molokwu, 1996). Seed oils, are known to deteriorate
under improper storage condition inadequately with the
oxidation. Various oils composition determines the extent
and type of organisms to occur in them (Okpokwasili
and Williams, 1991). Deterioration of a fat causes the
liberation of free fatty acids (FFA) from triglycerides.
The amount of FFA in a fat or oil indicates its level of
spoilage (Egan etal., 1981). Todine value is a measure of
the degree of unsaturation in oil. This value could used
to determine the amount of double bonds present in the
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¢h revealed the susceptibility of oil to oxidation. observing the grade of the yellow colour as yel ﬁ
on of seed oil occurs through a free radical yellow, dark yellow, amber yellow and pale yell :
iism, initially characterized by the emergence Estimation of moisture from oil :
weetish and unpleasant odour which becomes Moisture content was estimated by ALK&y
isively worse until it attains a characteristic  (1976). About 1 gm of oil was taken into a mu 2k
of rancid fat. It causes due to the hydroxides and  dish made of aluminum sheet provided with tight filling
ies decomposition in low molecular weight acids ~ slip-over cover. Dish was dried previously, cooled in
lehydes (Gennaro et al, 1998). Such deteriorated the ‘desiccator (containing an efficient desiccant such
1 is not fit for human consumption and rej ected for as phosphorous pentaoxide) and weighed. The dish was
aceutical at industrial level. As little information placed in the air oven for approximately two hours at
lable about the deteriorative changes in sunflower 105°C. The dish was removed from the oven, cooled in
s to fungi, an attempt was made to study effects of the desiccator at room temperature and weighed. This
> fungi on the physico-chemical changes. procedure was repeated but the dish kept in the oven
Materials and Methods : only for half an hour each time until the difference
Ten fungi namely, Alternaria dianthicola, between the two successive weighing does not exceed

Jaria lunata, Curvularia pellescens, Fusarium one milligram.
Moisture content was calculated by following

orum,  Fusarium  equiseti, Macrophomina

»li Rhizopus  stolonifer and Penicillium formula

sgenum, Penicillium digitatum and Trichoderma _ 100 (M,-M,)

were isolated from abnormal sunflower seeds Moisture % = MM

potato dextrose agar. Detail observation of fungal Where, M.= mass in gm of thle dish with the
cters was done under the binocular microscope and | aterial before d;yin g

identification was confirmed with standard literature M.= mass in gm of the dish wifh the mat erial after
s, 1971 and Mukadam et al., 2006). Jdenlification drying z

jone on the basis of size, shape, septation, colour M= mass in gm of the empty dish.

midia and presence or absence of chlamydospore.

culture of these fungi were made and maintained Estimation of specific gravity :
-ately on Potato Dextrose Agar (PDA) slants. The Specific gravity was estimated by A.O.A.C.

le refined sunflower oil sample was collected from (1976). The weight of dry specific gravity bottle was
-et of Aurangabad in presterilized bottles and brought  4ajen (B). The dry specific gravity bottle filled with the
e laboratory. Out of cc?llected sunflower Oi! sample, 5y of sample. After fixing the stopper, weight was taken
nl oil was distributed in eleven 250m1. com‘cal flask (A). Weight of the specific gravity bottle containing Sml
then autoclaved. Spores of ten fungi which were of distilled water was taken (C). Specific gravity was
jously isolated from abnormal sunflower seeds ajculated by the formula: '

'ii. _ulated in ten conical flask containing healthy AB
jower oil in asceptic condition. A conical flask Specific gravity at 300C=  ——
1out spore inoculation was kept as a control. All the L . C .
en conical flasks were allowed to incubate for room . Where, A=Weight in gm of specific gravity bottle
perature for one month. Experiment was carried out with oil at 3900' . . i
iplicate condition. After one month, oil was filtered. B,:We{{%ht in gm of specnﬁf: grav1ty.bottle at 300_0'
<ical and chemical parameters were estimated from | C=Weight in gm of specific, gravity bottle with
siotated oil. distilled water at 30°C.
Physical parameters Chemlcal parumeters .
Odor of biodeteriorated oil : Estimation of iodine value : ,
Odor of biodeteriorated oil was determined by | Ioc_hne value was determined ac?ordmg to the
Iling the sample. _ ‘ titrometric method of Pearson (1970). 2g of oil sample
Absorbance of biodeteriorated oil : was weighed into a dry glass stopper bottle of 250ml
By taking the OD. at 420nm, absorbance of capacity and 10ml of carbon tetrachloride was added to
deteriorated oil was recorded. the oil. About 20ml of Wij’s solution (Mix 1.5 % of Iodine
Estimation of colour of oil : monochloride and 98% of Gacial acetic acid) was then
added and allowed to stand in the dark for 30 min. 15ml

Colour of biodeteriorated oil was determined by
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of (10%) potassiun iodide and 100ml of water was added
and then titrated with 0.1M sodium thiosulphate solution
using starch as indicator just before the end point. A blank
was also prepared alongside the oil samples. Iodine value
was calculated from the formula:

(V2-V1) X 1.269
Weight of sample (g)

Todine value (Wij’s) =

Where, V, = titer value for blank, V, = titer value
for sample (s)

Saponification number :

The Saponification number was determined
according to the titre metric method of Pearson (1981).
2g of oil sample was weighed into a conical flask and
25ml of alcoholic potassium hydroxide was added.
Solution was heated in boiling water for 1h. 1ml of 1%
phenolpthalein was added and titrated with 0.5N HCL A
blank was prepared alongside the oil samples. The value
was calculated by the formula :

56.1 X (B-S) XN

Saponification number =

W
Where,
B=Volume in ml of 0.5 N Hydrochloric acid
required for blank test

S=Volume in ml of 0.5 Hydrochloric acid required
for the sample

N=Normality of Hydrochloric Acid

W=Weight of oil in gm.

Estimation of free fatty acid content :

Free fatty acid content was estimated by the method
recommended by Cox and Pearson (1962). 2ml of oil was
dissolved in 50ml of neutral solvent in 250ml conical
flask. Few drops of phenolphthelein indicator were added
and titrated against 0.1N potassium hydroxide. Constant
shaking was done until pink colour was persisted for
filteen seconds. Acid valuc was calculated by formula

Titre value X Normality of
Acid value = KOH X 56.1

1 Weight of sample (g)

Estimation of peroxide value :

Peroxide value of biodeteriorated oil was calculated
according to Cox and Pearson (1962). 1 gm of sample of
oil was taken in test tube. 20 m! acetic acid- chloroform
solution (2:3 volume) and 1g powdered potassium iodide
was added. Tube was placed in boiling water bath until
liquid boil vigorously. Contents were quickly transferred
to the flask containing 20ml of 5% KI solution. Tube was
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washed quickly with 25m] Distilled it
collected in conical flask. Yellow Qf Ir was appeart z'lz
This was then titrated with 0.1
solution with constant and vigorou s'iia
was continued till the yellow colou \1%1:‘?561 d:sw
0.5 ml of starch solution was ad éx‘ta' Lgmj:%/
titration till the blue colour just dlsapp'éaﬁd_::ﬁ Tk
determination of reagent was conducted. Peroxide valus
was calculated by formula

§ rl-" 7

(S-B) x N x 100
Wt. of the sample

Peroxide value =

Where,

B= Titration of blank test ml.

S= Titration of sample ml.

N= Normality of sodium thiosulphate solution.

Results and Discussion :

Physical parameters such as absorbance colou.
odour, moisture and specific gravity of fungal deterioratc
sunflower oil were checked and results are summarizcd
in table 1. Curvularia pellescens followed by Fusarium
oxysporum caused maximum absorbance to deterioratud
sunflower oil as compared to control and other funy
whereas, oil deteriorated due to Penicillium digitatun
showed lowest absorbance. Alfernaria dianthicolu,
Curvulariapellescens, Fusarium equiseti and Penicilliim
chrysogenum gave specific odour to sunflower oil. On
the other hand, Curvularia lunata, Fusarium oxysporui,
Rhizopus  stolonifer, ~ Macrophomina phaseolina
Penicillium digitatum and Trichoderma viride did not
give any specific odour to soybean and sunflower oil.
Low moisture content was observed in the sunflowcr
oil deteriorated due to Curvularia lunata, Curvularia
pellescens and Fusarium oxysporum. On the other hand,
highest moisture content was recorded in the sunflowci
oil deteriorated due to Penicillium chrysogenum. Lowesl
specific gravity was noted in the sunflower oil deteriorated
due to Fusarium equiseti but sunflowsr oil deleriorated
due to Curvularia pellescens and Fusarium oxysporumn
showed highest specific gravity. o

Change in nutritional values such as iodinc |
number, saponification number, free fatty acid and
peroxide value of sunflower oil was observed under thc
influence of fungi and obtained results are given in table
2. Maximum increase in iodine number of sunflower oil
was found due to both species of Curvularia followed
by Fusarium oxysporum and Rhizopus stolonifer. On the
other hand, Macrophomina phaseolina was responsible
greater extent of decrease in saponification number of
deteriorated sunflower oil. Saponification number of
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V ated sunflower oil was found to be increased due
s~vularia lunata while, Rhizopus stolonifer showed
eased in saponification number. In case of free fatty
. Penicillium digitatum and Penicillium chrysogenum
found to be responsible for maximum decrease in
free fatty acid content while, Rhizopus stolonifer,
-rophomina phaseolina and Fusarium  equiseti
cased the free fatty acid. Maximum decrease in
sxide value of deteriorated sunflower oil was noticed
to Fusarium oxysporum and Fusariym equiseti. On
contrary of that, Rhizopus stolonifer, Penicillium
itatum and Penicillium chrysogenum showed great
snt of increase in peroxide value of deteriorated
flower oil.
The changes observed in the colour of the oil
s to fungal invasion under present studies are in
cement with the findings of Ward and Diener (1961)
I Lalithakumari et al., (1971). Similarly, Ward and
e~ 11961) suggested that the changes in deteriorated
anut oil colour may be due to pigments synthesized
invading fungi. Aspergillus flavus and Curvularia
1wsadii were more effective in changing the oil colour,
ning it green and orange, respectively (Shivpuri et. al.,
90). In present study some storage fungi gave specific
our to the deteriorated sunflower oil. It may be due to
> production of certain volatile unpleasant compounds
the fungi in the oil. Lalithakumari et al., (1971)
sorted that Rhizoctonia bataticola, Aspergillus flavus,
‘adosporium herbarum and Botryodiplodia sp. were
sponsible for unpleasant odour in groundnut oil. Thus,
can conclude that, metabolites of growing fungi also
ve odour to the oil. Fusarium equiseti was responsible
r the decrease in specific gravity in sunflower oil which
dicates that texture of these biodeteriorated oil samples
as hampered due to Fusarium equiseti.
¥ The jodine value obtained is high which indicate
@ presence of unsaturated fatty acid and this places the
i in the drying groups. This oil may find application
s a raw material in industries for the manufacture of
egetable oil-based ice cream (Ibiyemi et al., 1992). Low
sdine value due to storage fungi indicate that change of
nsaturated fatty acid into saturated fatty acid to facilitate
1e easy consumption of fatty acid by the storage fungi.
imilar results were reported earlier by Singh and
rasad (1981). Decrease in the saponification number of
jodeteriorated oil was found due to storage fungi which
adicate less number of ester bonds. On the other hand,
ome fungi showed increased saponification number,
hat indicates presence of greater number of ester bonds
Jf intact fat molecules which suggesting that oil may be
1se in production of liquid soap, shampoos, lather and
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shaving creams. Increase in saponification valylgl‘dg% ép;:f:\
fungal infestation has also been reportedbyLe,/Fvﬂ 7 2,
et al., (1971) and Singh and Prasad (197?}- H’ \\
peroxide value was found to be decreased; ge t
storage fungi which show that the oil is
considered stable. In addition to that, the
value indicates slow oxidation of these oils.
are agreement with the results obtained by Hadanr: .
al., (2008). They reported that in case of sunflower o=
Penicillium, Alternaria, Trichoderma, Stemphylium and
Absidia species significantly deteriorated the quality of
oil with respect to acid value, peroxide value and fatty
acid composition. Nzikou et al., (2010) observed that
there is low FFA content, high saponification and low
peroxide value due to prolonged storage. But this study
reported low fat content is due to storage fungi.

Oxidation of lipid make the oil unfit for human
health. Therefore, some antioxidants should be added
in order to minimize the oxidation phenomenon and
to increase the storage and shelf-life of oils and oil
products. For the improvement in the oxidative stability
of vegetable oils and other related products containing
fats and oils, better packing and storage conditions can
also be promoted. Only buy the required quantity of the
oil that will use within a couple of months as this will
keep the oil the freshest.

Table 1 : Changes in physical parameters in
fungal deteriorated sunflower oil

Fungi Absor- | Colour | Odour Mois- Spe-
bance ture cific
grav-
ity
Alternaria dian- 0.029 Yellow | Specific 3% 0.300
thicola
Curvularia lunata 0.030 Yellow | Normal 1% 0.298
Curvularia pelle- 0.036 Pale Specific 1% 0.335
scens yellow
Fusarium oxyspo- 0.033 Yellow | Normal 1% 0.335
rum
Fusarium equiseti 0.026 Pale Specific 3% 0.250
yellow
Macrophomina 0.030 | Yellow | Nommal 4% 0.292
phaseolina i
Rhizopus stolonifer | 0.026 Pale Normal 3% 0.303
| yellow .
Penicillivm digi- 0.022 Pale | Normal 4% 0.333
tatum yellow
Penicillium chry- 0.030 Yellow | Specific 5% 0.330
sogenum
Trichoderma viride 0.031 Pale Normal 4% 0.299
yellow
Control -0.028 Pale Normal 4% 0.305
yellow




Table 2 : Changes in chemical parameters in
fungal deteriorated sunflower oil

Todine Saponi- Free Per-
Fungi number fication fat:ty oxide
number acid value
Alternaria dianthicola 145.90 221.61 2.850 24
Curvularia lunata 158.62 252.45 2.890 20
Curvularia pellescens 164.97 239.41 2.100 16
Fusarium oxysporum 152.28 206.16 2.900 05
Fusarium equiseti 133.24 200.53 2.910 07
Macrophomina phaseolina 126.90 193.50 2.910 25
Rhizopus stolonifer 152.28 165.49 2.920 73
Penicillium digitatum 133.24 215.98 1.350 73
Panicillium chrysogenum 139.59 207.57 1.750 76
_Tn'choderma viride 145.93 137.95 2.845 46
Control 139.59 137.45 2.855 43
S.E. 3.51 11.31 0.17 8.09
C.D. (p=0.05) 9.0 29.0 0.44 20.7
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Abstract :
Rhizobium is one of the plant growth promoting rhizobacteria (PGPR) involved in biological nitrogen fixation

ymbiotic way. It makes legumes nutritionally rich in proteins. Rhizobium is now applied as biofertilizer replacing
nical fertilizers. During present investigation legume plants were collected from 15 different localities. 15 bacterial
ples were isolated on Rhizobium mannitol agar. Rhizosphere samples were collected and physiological tests were
ormed to determine pH, water holding capacity and moisture content. The isolated bacterial strains were named
train 1 to strain 15. QOut of these, Strain 4, strain 6, strain 10, strain 12, strain 13 did not showed resemblance
1 Rhizobium species while other resembled with Rhizobium species. The colony and cell morphology of isolated
eria was recorded. Rhizobium is gram negative rod shaped bacterium having cell size approximately 0.05 to 1.2
P’ "zobial colony is circular, milky or yellowish average 3 mm in diameter with translucent appearance and
_ #.uargin. The confirmatory biochemical tests were performed which shoed negative results for citrate while
tive results for starch hydrolysis, catalase, urease, indole production and nitrate reduction. Rhizobium is gaining
ortance in research for its economically and environment friendly use as biofertilizer against chemical fertilizer.

i

Key Words : Rhizobium spp., PGPR, Aurangabad district, biochemical tests.

Introduction :

Nitrogen is an essential nutrient for plant growth
development. Plant growth promoting rhizobacteria
certain group of rhizobacteria which have the

‘hanism to improve growth and health of plant. Most
he rhizobacteria forms symbiotic association with
its, from where they can fix atmospheric nitrogen.
zobium is one of the PGPR which performs the
ogical nitrogen fixation. Rhizobium forms root
ules on the roots of legumes which symbiotically
effectively converts atmospheric nitrogen for host
1it. Rhizobium is the primary bacteria in pulses which
y « .ociation by forming root nodules from where
xes atmospheric nitrogen into nitrates and nitrites
vakumar et al., 2013). The microorganisms get
icted towards plants because of substances exuded by
s are essential for microbes (Sugiyama and Yazaki,
2). Burdass (2002) confirmed that Rhizobium is the
st well-known species that acts as primary symbiotic
ogen fixer. Rhizobium as an essential microorganism
ae growth and development of legumes (Agah et al.,
3) Rhizobium is soil bacteria having unique ability to
«ct root hairs of legumes and induce formation of root
ules. Rhizobium is nonsporous, aerobic and motile
teria. As because of Rhizobium-legume symbiosis,
mme has rich supply of nitrogen, it is nutritionally
ortant sources of protein and dietary fiber. (Annor et

ted by : PRASHANT PUBLICATIONS

al., 2014), (Jahreis et al., 2015).

The association of Rhizobium with leguminous
plants is superior to other nitrogen fixing systems with
respect to nitrogen fixing potential and adaptation to
severe conditions (Zahran, 1999). Rhizobium is tolerant
to extreme conditions of salinity, alkalinity, acidity,
drought, fertilizers, metal toxicity etc. in soil conditions.
Rhizobium is usually used as bioinoculunt or biofertilizer
for various types of crops so, Rhizobium need more
attention as it replaces chemical fertilizers and potentially
reduce the risk of environmental pollution.

Aurangabad is located on basaltic Deccan Plateau
which is formed from lava flows. The district is located
mainly in Godavari river basin and partly in Tapi river
basin which is surrounded by hills on all sides. The soil
is formed from weathering of igneous rocks which is
black, medium black, shallow and calcareous type. The
major rivers in Aurangabad district are Godavari, Purna,
Shivana, Maniyad, Sukhana, Kham, Shahbaz. There are
nine talukas Viz. Kannad, Soygaon, Sillod, Phulambri,
Aurangabad, Khultabad, Vaijapur, Ganagapur and
Paithan.

Aurangabad is having hot Semi-Arid climatic
conditions having rainfall mainly in mansoon season.
Here, wide range of crops are grown. Crops are cultivated
in two seasons as kharip and rabbi season. In kharip season
majorly cotton, bajara and corn are cultivated while in
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rabbi season jowar, wheat and gram are cultivated. Major
food grains are jowar, pearl millet, wheat and gram while
soyabean is major oilseed.

The major crops grown in District is cotton while
oil seed are taken 5%. Among oil seeds soybean (Glyasin
max) is major crop. Other than that Tur (Cajanus cajan),
Mung (Vigna radiata), Udid (Vigna mungo), Ground nut
(Arachis hypogaea L.), Gram (Cicer arietinum), Linseeds
(Linum usitatissimum) are cultivated. ‘

Hence during present investigation comparative
studies of Rhizobium species was done’ which were
collected from different localities of Aurangabad
district.

Material And Method :

1) Collection of legume plants : The healthy
and pink colored nodules were collected from different
legume plants viz. soyabean, pea, groundnut, tur, gram,
mung from different regions of Aurangabad district.

2) Determination of Soil pH : Rhizosphere
containing part of soil was brought to laboratory and
investigated to determine soil pH of the soil sample.
For that 25 gm of soil samples were taken in a clean dry
beaker and 50 ml distilled water was added to it. The
contents were thoroughly stirred with stirrer. pH of the
suspension was measured with a digital pH meter and
recorded in observation Table 01.

3) Determination of water holding capacity :
For determining Water holding capacity, 50 gm. fresh
samples were taken separately in a clean beaker; weight
of the beaker was taken before pouring soil sample. Then
added water to the soil sample as much it can absorb.
The weight of the wet soil samples was taken along with
absorbed water. This was followed by keeping the sample
. in the oven at 105°C = 3°C for 24 hours and then again
weight of soil sample and beaker was taken combined.
Difference between the weight of dry soil sample and
wet soil samples was calculated to calculate the water
holding capacity of the sample. Results are recorded in
Tubly 01.

4) Determination of moisture percentage : For
moisture percentage 50 gm. fresh samples were taken
separately in a clean beaker; weight of the beaker was
taken before pouring soil sample. It was then kept in
the oven at 105°C + 3°C for 24 hours and then again
weight of soil sample and beaker was taken combined.
Difference of moisture content of the soil was calculated
and presented in Table 01.

5) Separation of root nodules : Root nodules are
washed under tap water to remove adhering soil particles.
Then, healthy, juvenile and red colored nodules were
selected. The selected nodules were surface sterilized
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with 70% ethanol and mercuric ¢
sterile water (Pawar et al., 2014)
put in 0.1% mercuric chloride (Hg(z
Then nodules were washed with k{'ﬁ’@

HgCl2. The nodules then kept in SN@L'S
water (Deshwal and Chaubey, 2014).

6) Isolation of bacteria : For the isolation of
bacteria selected root nodules were crushed in between
two glass slides which helps to release bacteria in sterile
water drop. The smear of crushed root nodule containing
bacteriod was used to streak on Rhizobium mannitol agar.
The plates were incubated in sterile condition for 24-48
hr. for growth. After which Rhizobial colonies were
formed as white translucent elevations. For pure culture,
colony was picked up and transferred to slant.

7) Identification and confirmation of bacteria
: Preliminary identification and characterization of
collected samples of bacteria from root nodules were
done by studying colony morphology, cell morphology,
Gram staining and biochemical tests (Phalke et al., 2016).
The biochemical characterization was carried out through
number of biochemical tests viz. Starch Hydrolysis,
Catalase, Indole Production, Urease, Protease, Citrate
and Nitrate Reduction. ‘

Result and Discussion :

Soil water holding capacity was calculated and
presented in table 01. From Table 01, average pH of soil
in study area is 5.41, average water holding capacity is
37.91 and average moisture content is 35.23%. Maximum
soil pH in study area recorded in Chikhalthana while
minimum pH in Maheshmal. Maximum water holding
capacity and moisture content was recorded in Mankapur
(i.e. 52.25% & 49.06%) while minimum was recorded in
Sonkheda (i.e. 30.46% & 30.25%).

According to table 02, Rhizobium is Gramnegative,
rod shaped bacteria. Cell size of Rhizobium varies
from 0.05 to 1.2um. Colony of Rhizobium was yellow
colored, circular with approximately 2mm in diameter.
It appearcd as translucent, milky willi entire margin. 15
Bacterial samples isolated from different plants from
different locations were named as strain 1 to strain 15.
Out of these 15 collected samples, 5 samples did not
show similar characters with Rhizobium. Theses strains
were viz. strain 4, strain 6, strain 10, strain 12, strain 13.
While other remaining strains i.e. strain 1, strain 2, strain
3, strain 5, strain 7, strain 8, strain 9, strain 11, strain 14,
strain 15 showed resembling characters with Rhizobium.
This was confirmed by biochemical tests and its results
were reported in Table 03.

In biochemical .tests, the Rhizobium showed
negative test for citrate while positive test for catalase,
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