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Abstract

Nineteen Mung bean root nodules were collected from farmer’s plots in north shoa zone of Kewet and Ensaro woreda. Three of the isolates
were rejected in the process of isolation and presumptive tests. The rest were re -inoculated into their host for authentication. From the re-
inoculated isolates, fifteen formed nodules in their host but one isolate failed to form nodule upon re-inoculation. The authenticated rhizobia
were characterized based on their, morphological and eco-physiological features. From the preliminary screening 87% of the isolates were
slow growing rhizobia. Symbiotic effectiveness of isolates showed significant difference in percent of effectiveness (34-92%) on the host plant.
AAUMR,, AAUMR,, AAUMR, and AAUMR, were found to be the most effective isolates with percent effectiveness of 94%, 86%, 84%and 81%
respectively. Most isolates were categorized under effective rate which possess percent of effectiveness 50-80%. Isolates were also tested for
their tolerance to different eco-physiological features such as pH, temperature, salt concentration, intrinsic antibiotic resistance and utilization
of different nitrogen sources. These tests showed the presence of wide physiological diversity between isolates. Plants inoculated with different
isolates displayed differences in respect to nodule number, nodule dry weight and shoot dry weight. The numerical analysis of isolates based
on forty-six phenotypic features showed the presence of diversity among isolates and statistical analysis indicates their diversity towards
symbiotic effectiveness. Some isolates as AAUMR, (Kewet), AAUMR,, and AAUMR, (Ensaro) that are highly effective and tolerant to a wide range

of phenotypic features are promising in the development of inoculant.
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Introduction

Mung bean (Vigna radiata) is a warm season annual grain
legume. The optimum temperature range for good production
is 27-30°C (Imrie, 1998). Mung bean requires 60-75 days to
mature. It is useful crop in drier areas and has a good potential
for crop rotation and relay cropping with cereals using residual
moisture. The mung bean was also known as green gram or
golden gram and is mainly cultivated in the Indian subcontinent.
Now days; it is being cultivated after harvesting of Rabi crops
(wheat, mustard, lentil, etc.). It can fit in as a cash crop between
major cropping seasons. [tis grown three times in a year covering
43,680ha with an average yield of 0.78t/ha. Besides being one of
the shortest duration field crops in the world (can be harvested
within two months), soil rhizobium bacteria around the mung
bean root zone can symbiotically fix N, gas from the air and
this makes it among the most popular components in cropping
systems. However, seed yield in farmers’ fields is still low,
varying from 0.3 to 2.1t/ha [1].

Mung bean is one of the major calories (347-k cal. food
energy) and protein (19.5% to 28.5%) sources in Asia, especially

for the vegetarian population. High lysine content, which makes
mung bean a good complementary food for rice-based diets, is
usually the first limiting amino acid (Chen et al.1987). It is a
popular food among vegetarians since it contains a lot of proteins
and fiber and the main advantage of mung bean is that it helps
in digestion and controls the amount of cholesterol content in
our body. Mung bean contains a lot of minerals like calcium and
potassium which was essential for enhancing the strength of
bones and teeth. Fat content in mung bean is very low so it is
highly recommended for people who want to minimize fat from
their body. It is a store house of nutrients and it is a nutrition
giving food and they are rich in Vitamin B, vitamin C, Manganese
and a lot of other essential nutrients required for effective
functioning of the human health (AVRDC, 1988).

InEthiopiathesecropsalsogrowinginsmallholder farmersin
drier marginal environments. As compared to other pulse crops,
its production is around 8qt per hectare (SARC, 2005). However,
for resource poor farmers in drier marginal environments it has
been an important grain legume. These farmers need a variety
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and fertilizer that gives maximum production and stable yield
in their environments. Several works showed that most of the
rhizobia nodulation of legumes crop are very effective in soil
fertility and nitrogen fixation [2,3]. However, the work on mung
bean is very limited about isolation of rhizobia that nodulate
mung bean.

This study is therefore focused on isolation and characteri-
zation of root nodule bacteria of Mung bean from one of the best
pulses growing area of Amhara region of North shoa zones. The
search for symbiotic effective isolates could contribute to the de-
velopment of rhizobial inoculants to fully realize the potential of
BNF in low input agriculture in the country.

Materials and Methods
Sampling sites

The selected sample sites of this study covered were in the
major Mung bean growing areas of North shoa zones of the
Amhara Region. In these areas Mung bean has been growing for
along time without any history of inoculation with rhizobia. The
root nodules were collected between October and November
2013.

Sample collection and isolation of rhizobia

Collection of nodules

Nodule samples were randomly collected from the farmer’s
field and immediately kept in sealed vials containing a desiccant
(Silica gel) covered with 1cm of cotton wool for isolation of
rhizobia [4].

Isolation of root nodule bacteria

Dehydrated or desiccated root nodules were immersed in
sterile distilled water over night in labeled sets of flasks to imbibe
water. The imbibed nodules were surface sterilized with 70%
ethanol for 10 seconds and then to 3% (v/v) solution of sodium
hypochlorite (NaHCIO,) for 3 minutes according to Somasegaren
& Hoben [4]. The surface sterilized nodules were then rinsed in
five changes of sterile distilled water to completely rinse off and
remove the sterilizing chemicals.

The surface-sterilized nodules were then transferred to
sterile Petri-dishes and crushed with alcohol flamed sterile
glass rod in a drop of normal saline solution (0.85% NaCl)
inside a laminar flow hood. Stock solution of Congo red (CR)
was prepared by dissolving 0. 25g of CR in 100ml sterile distilled
water [5] and then 10ml of the CR stock solution was added to
one liter of YEMA before autoclaving. Finally, Loopful of crushed
nodule suspensions were streaked on YEMA plates with CR and
incubated at 28 + 20C for 3-7 days.

Purification and preservation of isolates

Single dome-shaped colonies were picked with sterile
inoculating loop and streaked on sterile YEMA plates and
incubated at 28+20C. The purity and uniformity of colony

types were carefully examined through repeated re-streaking
and a single well isolated colony was picked and transferred to
YEMA slant containing 0.3% (W/V) CaCO, in a culture tube and
incubated at 28+20c. When enough growth was observed, the
culture was transferred to be preserved at 40c for future use [5].

Presumptive test of the isolates

Each isolate was examined for presumptive purity using
Peptone Glucose Test (PGT), gram staining and growth response
to YEMA-CR medium [4].

Congo red absorption

Stock solution of Congo red was prepared by dissolving
0.25g of Congo red in 100ml of sterile distilled water. From stock
solution, 10ml was added to a liter of YEMA and autoclaved. Loop
full of test isolates were streaked on the medium and covered
with aluminum foil to dark incubate at 28+20C for 3 to 7 days to
detect Congo red absorption by the colonies [5].

Peptone glucose test

Peptone Glucose Test was prepared according to the proce-
dure of Lupwayi & Haque [6] by dissolving 5g of glucose, 10g
of peptone, 15g of agar and 10ml of bromo cresol purple (BCP)
in a liter of distilled water and the pH was adjusted to 7.0 with
1N NaoH and acetic acid. Seven days old yeast extracts mannitol
broth culture containing approximate number of cells (104 cells
ml!) was streaked on to the Peptone Glucose Medium to observe
the growth after having incubated at 28+20C for 3 to 7 days [6].

Authentication of the isolates and preliminary
screening of Symbiotic effectiveness of isolates on
sand pot experiment

In order to test the definitive purity of all rhizobial isolates,
nodulation test was carried out for each of the purified isolates.
They were inoculated into the host plant potted in to 3Kg capacity
plastic pots containing sterilized and nitrogen free sand [4]. The
sand was thoroughly washed with 1N sulfuric acid whereas the
pots were surface sterilized with 95% ethanol. Six seeds were
sown in each pot and thinned down to three after germination.
Each isolate was inoculated into Erlenmeyer flask and stay for 7
days and 1ml of the culture suspension was inoculated into each
seedling [4].

Cultural characterization of isolates

Colony morphology

The morphological characteristics of the isolates were
determined according to Lupwayi and Haque (1994). A loopful
of old grown broth culture from each isolate was inoculated onto
YEMA and incubated at 28+20C for 3-7days. After 7days, colony
diameter, morphology and colony texture were recorded.

Acid-base production

To determine the ability of the rhizobial isolates to produce
acid or alkaline in the medium, YEMA containing bromothymol
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blue (BTB) (0.025w/v) was used. A loop full of the isolates from
a five days old culture broth was streaked on to the YEMA BTB
medium and incubated for 3-7 days to record the color changes
of the medium [7].

Biochemical and physiological tests

For each biochemical and physiological test, inoculation of
a loopful of five days old broth culture was streaked on to the
YEMA medium. The inoculated YEMA plates were incubated at
28 + 20C for 3-5 days [4]. For each experiment, three replicates
and controls were used per test as indicated in Maatallah et
al. [8]. Ultimately, the growth of each rhizobial isolate was
determined as (+) for positive growth, (++) for abundant growth
and (-) for no growth.

Amino acid utilization

Different types of amino acids including L-arginine, L-glu-
tamate, L-leucine, L-phenylalanine, L-tryptophan, urea and
L-tyrosine were used in this experiment in order to determine
the ability of the isolates to utilize the amino acids as a nitro-
gen source. These amino acids were added at a concentration
of 0.5g/1 to a basal media source that lack ammonium sulfate
and supplemented with 1g/1 of mannitol. The membrane filter
sterilized amino acids were added to the autoclaved and cooled
(approximately 550C) basal media as indicated in Amargar et al.
[9]. Finally, five days rhizobial suspensions were inoculated into
these basal media and incubated at 28+20 C for 3-5 days.

pH tolerance

The capacity of each rhizobial isolate to grow on acidic and
alkaline media was determined by inoculating each isolate on
YEMA adjusted at a pH of 4.0, 4.5, 5.0, 6, 7, 8, 8.5, 9.0, using 1N
NaOH and acetic acid as described by Bernal & Graham [10].

Salt tolerance

The ability of the isolates to grow at different level of salt
concentrations was determined by inoculating each isolate on
the YEMA media containing 1%, 4%, 5%, 6%, 7%, 8%, 9% and
10% of NaCl as indicated in Lupwayi & Haque [6].

Temperature tolerance

The growth of each isolate at different incubation tempera-
tures was evaluated by inoculating each isolate on YEMA plates.
The inoculated plates were incubated at a temperature of 40C,
100C, 150C, 200C, 250C, 300C, 350C, 400C, 450C and 480C as
indicated in Lupwayi & Haque [6].

Intrinsic antibiotic resistance

The resistance of isolates to different antibiotics at different
concentration was evaluated by streaking each isolate on
YEMA containing freshly prepared filter sterilized antibiotics
using 0.22m sized membrane filters. The stock solution of
each antibiotic was first prepared as described in Lupwayi &
Haque [6] and was kept in refrigerator until they were used

in the test. The antibiotics were Tetracycline, Erythromycin,
Ampicillin, Chloroamphinicol, and penicillin. Each antibiotic
was tested at the following concentrations. Ampicilin at 10g/
ml, Chloroamphinicol at 2. g/ml and 5g/ml, Tetracyclin at 2.5g/
ml, Erythromycin at (2.5g/ml, 5g/ml and 10g/ml) and penicillin
at (2.5g/ml, 5g/ml and10 g/ml). Erythromycin was dissolved
in ethanol, whereas the other four were dissolved in sterilized
water. The stock solution of each antibiotic was prepared by
dissolving 2g of each antibiotic in 100ml of water. The required
concentration was aseptically added to the media using a single
pipette for each antibiotic. The stock solution of each antibiotic
was filter sterilized using a milli pore filter (0.22m) and
aseptically added to autoclaved YEMA (kept at 500C in water
bath) at the final concentrations of 2.5, 5 and 10g/ml, which
is 12.5, 25 and 501 of antibiotic solution per 100ml medium,
respectively, and finally poured separately in to plates.

Relative effectiveness of the isolates

After sixty days of planting upon re-inoculation, the
plants were uprooted to measure nodule number, nodule dry
weight and shoot dry weight. The effectiveness of isolates in
accumulating plant shoot dry matter was calculated as described
in Somasegaren & Hoben [4] and Molungoy [11] as follows:

SE = Inoculated plant D.M. X 100,
N-Fertilized plant D.M
Where, D.M. = dry matter, S.E. = symbiotic effectiveness

The rate of nitrogen fixing effectiveness is evaluated as:
Highly effective > 80%, Effective 50- 80%, Lowly effective 35-
50% and Ineffective <35%.

Data analysis

Symbiotic effectiveness of the strains was measured in terms
ofthe number of nodules, shoot dry weight and nodule dry weight
from greenhouse trial. Phenotypic variability was analyzed
using a computer cluster analysis applying the unweighted pair
group method with the average (UPGMA) by PCORD statistical
software ver. 5.0 of hierarchical clustering method [8]. One-way
analysis of variance of data was also undertaken using the SPSS
statistical program ver.17.0. Mean separation was calculated
using the Tukey s values when the F-test was significant at
P=0.05 [12-15].

Result and Discussion

Isolation and authentication of rhizobia

A total of 19 nodule samples were collected, 9 isolates
from Ensaro and 10 isolates from Kewet werda. Three of them
were rejected in the presumptive test and one is discarded
upon authentication. All isolates did not grow on PGA and
did not absorb congored on YEMA-CR media. Twelve of them
changed YEMA-BTB medium into blue color whereas three of
them changed into yellow. All but one isolate, formed nodules
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and authenticated as root nodule bacteria after they were re-
inoculated into the host plant [16-20].

Characterization of the isolates

Morphological and growth characteristics of isolates

Isolates were grown on YEMA medium to determine colony
type, colony diameter and colony texture. About colony texture
46% showed large watery colonies (LW) and 53% of the isolates
were characterized as large mucoid (LM) texture on YEMA
media. The colony diameter of all the isolates ranged between
2mm and 4mm the largest colony diameter of 4 was observed
on isolates AAUMR, (Kewet) and AAUMR, (Kewet) whereas the
smallest diameter of 1 mm was recorded for isolates AAUMR,,

Utilization of carbon sources

All the isolates were able to catabolize a large variety of
carbon sources. All the isolates (100%) were found to catabolize
dextrose, fructose, maltose, and sucrose. However, lactose, and
cellulose were utilized by 86%. Isolates AAUMR, and, AAUMR,
of ensaro, failed to grow on lactose whereas; all the rest grew
very well. Eleven isolates (73% of the isolates) were found to
catabolize and grew on the basal medium containing all the
6 tested carbon sources while isolates AAUMR,, AAUMR,
AAUMR , and AAUMR,, of Kewet showed abundant growth on all
tested carbon sources. On the other hand, the isolates AAUMR,
of Ensaro relatively utilized a smaller number of carbon sources
(66%) out of the tested carbon sources [21-33] (Figure 1).
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Figure 1: Carbohydrate utilization by mung bean rhizobia. )

Amino acid utilization

Almost all the isolates were able to catabolize a large variety
of nitrogen sources. All the isolates (100%) utilized methionine
and arginine likewise, 80 and 86%of the rhizobial isolates
catabolized phenyl alanine and tryptophan, respectively. This is
like the findings of Shraddha et al. (2013) on mungbean rhizobia

isolated from different parts of India. Seventy three (73%) of the
isolates that include AAUMR (4, 2, 5, 6, 13, 12, 14, and 10) of
kewet and isolates AAUMR (8, 11, and 15) from Ensaro utilized
100% of the tested amino acids whereas, isolates AAUMR, of
Ensaro were found to be much fastidious with the ability of
catabolizing 50% of the tested amino acids [34-40] (Figure 2).
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Figure 2: Protein utilization by mung bean rhizobia.
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pH tolerance

All isolates tolerated pH levels of 6-8 and 26% of the isolates
were found to be tolerant to pH 4. The other 40% of the isolates
grew at a pH 9. Isolates AAUMR, and AAUMR,, from Kewet
showed growth on all tested pH levels 4-9. This is in contrary
to the reports of Shraddha et al (2013) that showed mung bean

rhizobia grew on YEMA medium with pH levels of 5 - 8 It was
also interesting to note that 13% of the isolates from Kewet and
Ensaro tolerated wide range of pH 4-9 as opposed to the report
of Shraddha et al (2013) who reported that mungbean rhizobia
showed a neutral -tolerant tendency and also reported that 90%
to 100% of the isolates from India grew on medium with lightly
acidic (pH. 5) and neutral pH [41-95] (Figure 3).

N
Percentage (%)
100
B Percentage (%)
PH4 pH45 pHS pH6 pH? pHE pHBS5 pH9
Figure 3: Effects of pH on Growth of mung bean rhizobia. )

Salt tolerance

Isolates displayed differences in growth on YEMA medium
adjusted at different NaCl concentrations. All isolates were
tolerant to salt concentration of 1% but showed a steady
decrease in growth when they were inoculated into the medium
containing 4 to 10% salt concentration. Consequently, 66% of
the isolates grew at 4% NaCl, whereas 20% of isolates were

resistant to salt concentration of 7%. Isolates AAUMR, of
Kewet were found to be the most tolerant strains that grew
at Salt concentration of 9%. This is like the findings of Kucuk
& Kivank [96] that salt tolerance by mungbean rhizobia from
India. Isolates like AAUMR, (Kewet) were the most tolerant to
all salt concentrations the most sensitive isolates were AAUMR,,
AAUMR,, and AAUMR,, (Kewet) and AAUMR,, (Ensaro), that
were able to grow at salt concentration of only 1% (Figure 4).
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Temperature tolerance

All isolates were able to grow within temperature range of
20 to 350c. Isolates AAUMR,, AAUMR,, AAUMR,, AAUMR , and
AAUMR,, (Kewet) and AAUMR, AAUMR,, AAUMR, and AAUMR

(Ensaro) were grown at the lowest temperature of 40C. There was
a progressive decrease in growth of isolates from a temperature
range of 400C to 450C. Only isolates AAUMR,, AAUMR, and

AAUMR,, (Kewet) and AAUMR, and AAUMR,, (Ensaro) were
grown at all tested incubation temperature (4-450C) (Figure 5).
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Intrinsic antibiotic resistance

All the isolates (100%) were found to be resistant to all
the tested antibiotics at a concentration of 2.5mg/ml (Table 7).
Isolate AAUMR, (Ensaro) was found to be the most resistant of

the isolates to different antibiotics followed by isolate AAUMR,
and AAUMR,, (Kewet) .The most sensitive isolate was AAUMR ;
did not grow on YEMA medium containing any antibiotic at
concentration of 5 and 10g/ml, followed by isolates AAUMR,,
AAUMR, (Kewet) and AAUMR,, (Ensaro) (Figure 6).

Ve

100 Fen

Amp

90

cA

80
70

60

s L — 1 1 1
=048 1 1

20

10 +

™ Concentration in (gm /)

Percentage of Tolerance

Figure 6: Antibiotics concentration in pg/ml.

25 5§ 25 5 10 25 5 10 25 5 10

J

Conclusion

The result of this work is an indicative of the presence
of wide diversity in rhizobial isolates of Mungbean collected
from different growing areas of North shoa zone of the Amhara
Regional State. Diversity of the isolates was observed based on
their morphological, physiological, host infection and symbiotic
effectiveness. This study showed that rhizobial isolates
showed diversity with respect to symbiotic infectiveness and
effectiveness with their host. Similarly, the numerical analysis
also confirmed that these isolates were phenotypically diverse
which indicates that their real diversity must also be confirmed
by genetic analysis using molecular techniques.

The tolerance of isolates to different pH levels, temperature,
salinity, and antibiotics is an important quality of rhizobial
strains to screen and develop inoculants that are endowed
with ecological competitiveness. In the presence of different

environmental stresses, the tolerant isolates would survive,
occupy nodules, and fix nitrogen and provide the host to boost
crop production. Accordingly, the following isolates were found
to be effective in nitrogen fixation and resistant to different
environmental stresses. In most of the tests, the highly effective
AAUMR,, AAUMR,, AAUMR, and AAUMR, was found to be the
best of all the isolates followed by isolates AAUMR,, AAUMR,,
AAUMR,, AAUMR ,, AAUCR,,, AAUMR, , AAUMR, and AAUMR14.

13’ 12’ 10’
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