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ABSTRACT

A total of 25 rhizobia isolates were recovered from different growing
sites at EI-Minia governorate. Isolates were considered fast-growing rhizobia
depending on: growth rate, colony morphology, Gram stain, Congo red
absorption, acid/alkali production, motility, casease test, gelatin hydrolysis,
starch hydrolysis, and are finally confirmed as rhizobia by the nodulation
test. All isolates were mucoid, circular and motile and didn't absorb Congo
red dye. They differed from raised to high convex, from white to watery, and
from opaque to translucent. Rhizobium strains are Gram negative rods. All
produced acids from mannitol. None could hydrolyzestarch, casein and
gelatin. Pot experiment indicated that all isolates could nodulate their
corresponding plants but their effectiveness differed.
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INTRODUCTION

Nitrogen is needed by all organisms
for the synthesis of protein, nucleic acid
and other nitrogen containing compounds.
Despite its abundance, however, no
eukaryote is able to make direct use of
nitrogen, a molecular gas. Instead the
nitrogen must be fixed (combined) with
other elements such as oxygen and
hydrogen. Conversion of nitrogen to
ammonia by microorganisms, is a process
called biological nitrogen fixation (BNF)
(Talaro, 2009). BNF is the second most
important biological process on earth after
photosynthesis (Sylvia et al. 2005). BNF is
brought about by two types of organisms:

non symbiotic and symbiotic. Symbiotic
BNF is illustrated by members of the
genus Rhizobium with the roots of
leguminous  plants  (Tortoraet  al.
1982).Rhizobia infect host plants, and
induce root- or stem-nodules (Zahran,
2010). The rhizobial bacteria are specific
for a particular leguminous species
(Fauvert and Michiels. 2008). Rhizobia-
legume symbiosis is the most efficient
system which accounts for almost 40% of
all biologically fixed nitrogen (Yadav,
2008).

Bacteria forming nitrogen-fixing
symbiosis with legumes were classically
named “rhizobia”. They belong to the a-
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and B- subdivisions of
Proteobacteria(Sawada et al. 2003 ) and
currently consist of about 76 species
spanning over 15 genera, namely,
Rhizobium, Allorhizobium, Azorhizobium,
Blastobacter, Bradyrhizobium,
Burkholderia, , Devosia, Ensifer (formerly
Sinorhizobium), Mesorhizobium,
Methylobacterium, Shinella (Medeotet al.
2010), Herbaspirillum(H.
lusitanumnodulatingPhaseolus  vulgaris)(
Valverdeet al. 2003), Ochrobactrum
(Zurdo-Pin"eiroet al. 2007),
Phyllobacterium (Valverdeet al. 2005)
andRalstonia (LaterCupriavidus) (Chen et
al. 2001). Genus Rhizobium contains about
33 species (Vela'zquezet al. 2010).

Our study aimed at isolation,
characterization and determination of
effectiveness of Rhizobium due to its
economic value and the need to use it as a
substituent to chemical fertilizers that
threat health.

MATERIALS AND METHODS
1. Isolation of Rhizobium from selected
plants

Healthy, unbroken, firm and pink
colored nodules were selected from 45-
90days old legume plants (Viciafaba,
Pisumsp, Lens sp,
Trigonellasp&Trifoliumsp). Adhering soil
particles were removed by washing root
system under running tap water. Nodules
were removed and transferred to 0.1%
HgCl, or 3-5% H,0, for 3 min for surface
sterilization. The nodules were repeatedly
washed in sterile water for 3-4 min, to get
rid of the sterilent, then were placed in
70% ethyl alcohol for 3 min and were
washed with sterile water thoroughly and
crushed with sterile forceps. The resulting
suspension was streaked on Yeast Extract
Mannitol Agar (YEMA) medium
containing (0.0025% Congo-red dye

(CR)), incubated at 28 +/- 1°C for 3-5 days
(depending upon growth rate)(Vincent,
1970).
2. Purification of isolates

Purity was checked by repeatedly
streaking single colorless or white colonies
on agar platess of YEMA-CR.The
inoculation needle was flamed after
streaking the half of each plate, to reduce
number of viable cells and thus single
colonies could be obtained. Growth on
plate was periodically observed to record
diameter of isolates. Isolates of Rhizobium
were designated R, followed by serial
numbers.
3. Preservation of isolates

Slant cultures can be stored for 2-3
years or longer at 2°C (Vincent, 1970).
Long-term storage at -20°C or -80°C is
recommended in the freezer (Kuykendall
etal.2005).
4. General characteristics of Rhizobium
Colony morphology: Colour, mucoidty,
transparency, elevation, diameter, and
borders were evaluated by streaking a loop
of the initial bacterial culture on YEMA-
CR plates and allowing the bacteria to

grow at 30°C for 5 days.
Gram staining: It was performed
formicroscopic  studyof  Rhizobiumas

described by (Vincent, 1970).A drop of
bacterial culture was taken and thin smear
was prepared on a glass slides and stained.
Acid or alkali production test: It was
carried out by growing isolates on YEMA
medium containing bromothymol blue
(BTB) (Somasegaran and Hoben. 1994) as
pH indicator (5ml/L) of a stock solution.
After incubation, yellow color indicates
acid production, while blue color means
alkali.

Motility test: It was done by growing
cultures insemi-solid YEMA containing a
dye, TTC (Triphenyl tetrazolium chloride).
10 ml of 1%filter-sterilized TTC solution
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were added to 1 L of melted YEMA (semi-
solid) after autoclaving. 5 ml aliquots were
dispensed aseptically into sterile tubes and
cooled upright in racks. As bacteria grow
in, the dye is absorbed into the bacterial
cells where it is reduced to the insoluble
red-colored pigment formazan
(MacFaddin, 1972).The inoculating needle
(straight needle without loop) was used to
make a single stab down the middle of a
tube of semi-solid agar. Tubes of agar
were incubated at 30°C for 6 days. The
results were interpreted. If the zone of
growth spreads horizontally from the
inoculation, then the organism is
motile.Non-motile organisms don't spread
out.

Casease Test: Skim milk agar was used to
test the ability of an organism to produce
an exoenzyme, called casease that
hydrolyzes casein(Larone, 1993). Plates
wereinoculated with a loopful of each
culture and incubated at 30 °C for 5 days.
If an organism can break down casein, a
clear halo will appear around the areas of
growth.

Gelatin  hydrolysis: The test was
performed to determine capability of
microorganisms to produce gelatinase
enzyme (Aneja, 2003). The actively grown
cultures were inoculated in nutrient gelatin
medium tubes and grown for 48 h. On
subjecting the growing culture to low
temperature treatment at 4°C for 30 min or
more, the cultures which produce
gelatinase remains liquefied while others
due to presence of gelatin becomes solid.
Starch hydrolysis: The test was performed
to determine capability of microorganism
to use starch as carbon source (De
Oliveiraet al. 2007). Starch agar medium
was inoculated with Rhizobium isolates,
incubated and analyzed. lodine test was
used to determine capability of isolates to
use starch.Formation of blue color

indicated non-utilization of starch and vice
Versa.
Pot experiment: (1) Inoculation of plants

Pot experiment was conducted in the
greenhouse of Minia University Faculty of
Science, with three replicates for each
treatment. The cultivation process was
carried out during the 2011-2012 (for
winter plants), using plastic pots of 15
cm diameter x 20-cm-deep pots containing
1200 g of autoclaved soil. The soil used
was collected from the surface 15 cm layer
of the botanic garden of Minia University
Faculty of science. Sterilization process
was repeated twice. Physical and chemical
analyses of the used soil were determined
in the service laboratory for soil, plant and
water analysis in the Faculty of
Agriculture, Minia University.Physical
and chemical analyses of the used soil
areindicated in Tables (1& 2).

Pots were irrigated a day before
planting.2 days old liquid cultures were
used as inocula (10°%fu/ml).25 ml
inoculum was applied for each pot. Each
isolate  was inoculated into the
corresponding plant. Gum-arabic (40% w:
v) was used as a sticker, and allowed to
dry to some extent for 15 min (Fred et al.
1932). Each pot received 8 to 10 seeds/pot
for large seeded species (bean), 10-15
seeds/pot for moderate seed size species,
and 20-40 seeds/pot for small seeded
species.Uniform seedlings were Selected,
and thinned 8-14 days after emergence.
Large seeded varieties were thinned to two
plants per pot; while smaller seededspecies
were thinned to 6 per pot.Control pots for
each crop were also involved.At 60 days
after  sowing, all plants  were
harvested.Roots were cleaned of soil
particles.Number of root nodule, fresh
weight, shoot length and dry weight were
measured. Dry weight of plant materials
was determined by drying samples at 70 %

-139-



Saad et al., 2014

for 4 days. Plants were then grinded before
estimation of total nitrogen.

(2) Total nitrogen

Total nitrogen content of plants was
determined by micro-Kjeldahl method
modified by (Piper, 1950). Blank
estimations were also run and the results
were calculated on even dry basis.

(3) Statistical analysis

Analysis of variance (ANOVA) was also
performed on data of all plant parameters
measured using the SAS software package
(SAS User’s Guide Statistics SAS institute
Inc., Cary. NC, USA).

Table (1): Physical Characters of the

used soil

Soil Type Percent (%)
Clay (%) 40.4
Silt (%) 31
Fine sand (%) 26
Coarse sand (%) 2.6

Texture grade Clay loam

Table (2): Chemical analysis of the used

soil

Character Amount
pH 8.2
Organic matter (%) 1.51
Available P(ppm) 18.4
CaCOj3; (%) 2.14
Total N (%) 0.14

RESULTS AND DISCUSSION

A total of 25 rhizobia were recovered
from different growing sites (9 from faba
bean, 7 from white clover, 3 from
fenugreek, 4 from pea and 2 from lentil).
Isolates were considered fast-growing
rhizobia depending on: growth rate, colony
morphology, Gram stain, Congo red
absorption, acid/alkali production andare
finally confirmed as rhizobia by the
nodulation test.Rhizobium strains are rods,
Gram-negative; colonies are circular,

convex, semi-translucent or opaque, raised
and mucilaginous (with high amount of
mucus), usually 2-4mm in diameter within
3-5 days on YEMA media, commonly
pleomorphic under adverse conditions
(Holt et al. 1994 ;Kauret al. 2012).The CR
absorption test also indicated that none of
the isolates absorbed CR in YEMA plates.
This is a distinctive character of rhizobia
with only few exceptions (Somasegaran
and Hoben. 1994;Shettaet al.
2011).Production of mucous is in close
agreement with Baolinget
al.(2007).However, the colonies of all
isolates obtained by Nazet al. 2009were
almost nonmucilaginous and
transparent.Colonies of our isolates
differed in elevation(from low convex to
high convex or semi-sphere), color (from
watery to white)(Fig.1), transparency
(from opaque to semi-translucent) and
diameter (some reached 2mm after 5 days
and others were 4-5 mm after the same
period), as illustrated in Table (3).In this
study, isolates from the same host plant
were divided into groups after recording
colony morphology of each. Hence, faba
bean rhizobia were distributed into 4
groups, pea rhizobia were placed in 1
group, fenugreek rhizobia involved 2
groups,lentil rhizobia involved 1group and
white clover rhizobia involved 1 group.

General microscopic view of the
Rhizobium isolates showed them to be rod
cells (Fig.2) and Gram-negative in nature
(Singh et al. 2008;Kumariet al. 2010).

All isolateschanged the color of
YEMA supplemented with BTB to yellow
indicating that they are acid producers and
hence possible to categorize them as fast-
growers (i,e: Rhizobium).Acid production
was observed by Shettaet al. (2011)
andBaolinget al.(2007).

AlIRhizobium  isolates  showed
motility(Fig.3). This result is in line
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withShahzadet al.(2012) andDubeyet al.
(2010).Despite that, very few researchers
demonstrated incompatible results. Nazet
al. 2009 reported that under the light
microscope all the isolates were non-
motile.

It was known that Rhizobium and
Bradyrhizobium can't hydrolyze
starch,casein and gelatin(Kuykendall et al.
2005).All our isolates of Rhizobium didn't
produce amylase, casease and gelatinase,
and all isolates gave no slime on starch
medium except (2RH1). However, De
Oliveira et al. (2007) observed
thatRhizobium strains can utilize starch
obtained from different sources. Kumariet
al. 2010 also reported that 1 out of 5
isolates could use casein.All isolates of
rhizobia collected by (Nazet al. 2009)
were negative for ge,Iatinase, while some

DA 1y

Fig (1): Cultures of Rhizobium on YEMA-CR medium after 6days

fast- growing rhizobia isolated by Shettaet
al. 2011, could hydrolysegelatin.

Bacterization of seeds with adhesive
is the most suitable among the inoculation
methods used and inoculation s
responsible for good plant growth (Saha
and Haque. 2005). Rhizobium isolates
differed in their ability to enhance plant
growth (No. of. nodules, shoot height, dry
weightof whole plant, N %), with the
highest results for 14RV,4(RV), RV,
3RLe, 2RHb, 1RH, 3RB, 4RT, 1RT, 4RT3
and 5RT(Table4).14Rv gave large nodules
(Fig.4).Application of the rhizobial
inoculant  significantly increased the
soybean yields in all mandate areas (about
75% of the farms)(Lesueuret al. 2012).
However, the inoculation of soybean with
rhizobial strains does not necessarily result
in yield increase (Saekiet al. 2006).

Fig (2): Gram stained Rhizobium under light microscopy (100 x lenses) after 2-3days in YEMB
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Table(3): Colony morphology and acid/alkali production of Rhizobium

Isolate Elevation Color Transparency Diameter(mm) YMA-BTB
4Days 5 Days
Viciafaba( Faba bean)

Group 1

14RV High convex Very Pale White translucent 1 2 y acid
Group 2

8RV-- Low convex White Opaque 25 4 y acid
RVb1l Low convex White Opaque 25 4 y acid
Group 3

11RV1  Low convex Pale White Semi translucent 1 2 y acid
6RV1 Low convex Pale White Semi translucent 1 2 y acid
Group 4

3RV* Low convex White Semi translucent 1 2 y acid
4RV* Low convex White Semi translucent 1 2 y acid
1RV- - Low convex White Semi translucent 1 1.5mm(6days) y acid
4(RV) Low convex White Semi translucent 1 15 Yacid

Pisumsativum L(pea)

Groupl

2RBb* Low convex White Opaque 2 3 y acid
3RBb Low convex White Opaque 2 3 y acid
4RB\ Low convex White Opaque 3 4 y acid
3RBb* Low convex White Opaque 2.5 4 Yacid

Trigonellafoenumgraecum(fenugreek)

Group 1

1RH convex Very Pale White translucent 35 4 y
2RHb convex Very Pale White translucent 35 4 y
Group 2

2RH1 Low convex Pale White Semi translucent 1 2mm(6days) y acid

Lens culinaris Medik. (Lentil)

Group 1

3RLe Low convex Pale White Semi translucent 2 3 y acid
7RLe Low convex Pale White Semi translucent 2 2.5 y acid

Trifoliumrepens (White clover)

Group 1

5RT Low convex White Opaque 3 45 y acid
3RT\ Low convex White Opaque 2 5 y acid
2RT2 Low convex White Opaque 3 4 y acid
1RT* Low convex White Opaque 3 4 Yacid
4RT Low convex White Opaque 2 4 y acid
4RT3 Low convex White Opaque 2 4 y acid
6RT* Low convex White Opague 2 4 Yacid

Very Pale White =watery, High convex=semi-sphere. YEMA — BTB = YEMA with
bromothymol blue.
y = yellow culture,y acid = yellow culture&the medium changed to yellow.
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Table (4): Nodulation test of Rhizobium sp

Isolate No.of.nodules Shoot height(cm) Dry weight N%
of whole plant (g)

Viciafaba( Faba bean)

Control 0.007 23.33¢ 1.33° 2.18"
RV 98.00° 28.33%° 247° 3.08™

14RV 39.00° 29.33% 2.03° 3.49°
8RV 57.00%® 25.33% 1.82° 2.31°%

4(RV) 109.00° 32.00° 2.60° 3.37®
6RV 79.00% 28.00% 1.82° 2.31°%
11RV 62.00 28.66%° 1.90° 2.33°
3RV 65.00 28.00™ 2.01° 2.96%
4RV 96.00® 30.66® 1.87° 2.88%
1RV 50.00% 27.33™ 1.90° 2.63%
SE+ 6.908931 1.1737878 0.11562391 0.10937702
Significance ok ok ok x
Trigonellafoenumgraecum(fenugreek)

Control 0.00° 17.33° 0.14° 1.54°
1RH 37.33° 27.66° 0.23° 2.69°
2RH1 24.66° 26.33° 0.18° 2.07°
2RHb 35.00° 27.33* 0.23° 2.45°%

SE 2.9814240 1.3642255 0.00927961 0.11089284
Significance ** el el *x
Lens culinaris Medik. (Lentil)

Control 0.00° 12.16° 017° 272°
7RLe 38.00° 15.33° 0.28% 3.27°
3RLe 40.33° 17.33° 0.28° 3.90°

SE+ 2.2443344 0.8660254 0.01319371 0.16763055
Significance el * *x el
Trifoliumrepens L (White clover)

Control 0.00° 13.66° 0.06° 2.16°
3RT 18.33° 20.00™ 0.11° 2.40%
5RT 22.33™ 22.33%° 0.11° 2.96%
2RT2 21.00™ 21.00™ 0.09® 2.56%¢
4RT 29.66° 26.00° 0.13° 3.13"
1RT 25.33% 24.66% 0.12° 3.83°
4RT3 24.00%° 22.66%° 0.11° 3.69?
6RT 20.33"™ 19.66° 0.09® 2.63%¢

SE+ 1.8219343 1.4385564 0.01307032 0.19485750
Significance il *x * el
Pisumsativum L(pea)

Control 0.00° 23.66° 0.85° 1.86°
2RB 28.33° 32.33° 1.77° 2.05%
4RB 64.33° 30.66° 1.45° 2.27°
3RB* 37.00™ 32.66° 1.43° 2.11%
3RB 44.00° 37.33° 2.3° 2.84°
SE+ 45230521 2.0439613 0.14198591 0.12050818

Significance el el el el

Means with the same letter are not significantly different.
** = high significant (p<0.01),* = significant (p=0.01- 0.05).
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(1) ) | (3)
Fig (4): Nodulation test of Rhizobium; (1, 2): Viciafaba inoculated with RVb1 and 14RV,
respectively. (3): control plant. 14 RV gave Larger nodules.
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