
V
o

l. - 2
7
, N

o
.-2

, D
e
c
e
m

b
e
r 2

0
1
0
 M

ic
ro

 J
.

38

Chickpea (Cicer arietinum L.), commonly known as gram, is
one of the major pulse crops grown in Bangladesh. It stands 4th

in respect of area (13,095 ha) and production (9,630 metric tons)1.
Nutritionally, chickpea is relatively free from various
antinutritional factors, has a high protein digestibility and is richer
in phosphorus and calcium than other pulses2. Because of its
higher fat content and better fiber digestibility, chickpea holds
great promise as a protein and calorie source for animal feed for
both ruminants and nonruminants3. Rhizobium inoculants
significantly improves yield in many leguminous crops and can
minimize the use of synthetic nitrogenous fertilizer, which is rather
expensive and deteriorates soil properties4. The crops thus
improve soil and economize crop production not only for
themselves but also for the next cereals or non-legume crop grown
in the rotation and thereby reducing the requirement of added
nitrogen fertilizers. Research report showed that Rhizobium
inoculation of pea plants added 80 kg N/ha over uninoculated
control5. Biological nitrogen fixation and seed yield of soybean
significantly increased due to inoculation with Rhizobium6. Field
trials conducted in Bangladesh showed that grain yield of
chickpea increased by 37 to 119% with Rhizobium inoculation.
The number and mass of nodules of chickpea also increased with
rhizobial inoculation7.

A good number of varieties of chickpea have been developed in
Bangladesh over the past years. Some of these varieties are being
cultivated by the farmers of Bangladesh but their response to
Rhizobium inoculation in respect to nodulation, dry matter

production and nitrogen fixation has not been tested. Biological
nitrogen fixation technology may be an important tool to increase
production of pulses especially chickpea. Keeping these facts in
mind the present investigation was, therefore, carried out to
characterize some Rhizobium strains isolated from the root
nodules of chickpea and to assess their effectiveness in respect
of nodulation, dry matter production and nitrogen fixation in host
legume.

A laboratory experiment was conducted to characterize four
Rhizobium strains isolated from nodules of chickpea collected
from Faridpur and Rajbari (AEZ 12). Plants of chickpea were
selected randomly from farmers’ field of the respected AEZs.
Nodules separated from roots of chickpea were washed in fresh
water and preserved in vials containing silica gel. The collected
nodules were surface sterilized. The nodules were then crushed
and streaked on Yeast Extract Mannitol (YEM) agar medium.
The strains were assessed for colony characteristics, growth rate
and acid/alkali production in laboratory media with a view to
know their basic properties prior to intensive study on their
performance in respect of nodulation, growth, nitrogen fixation
of chickpea. YEM containing the following constituents: K2HPO4
(0.5g), MgSO4. 7H2O (0.2g), NaCl (0.1g), CaCO3 (3.0g),
FeCl3.6H2O (0.01g), Mannitol (10.g), yeast extract (0.5g), agar
(Difco) (10g), Congo red (02.5% solution) (10ml), deionized
water to 1 litre was used. The initial pH of the medium was 7.3
which was adjusted to 7.0 by adding 0.1 N HCl solution. The
medium was inoculated with the Rhizobium strains and incubated
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for one week. Colonies on plates were observed for their
morphology and appearance. The YEM agar medium containing
bromothymol blue indicator8 was used for identification of strains.
The reaction of the rhizobial strains on this medium was noted
every week up to four weeks. Fast-growing rhizobial strains
produce acid in this medium, turning the medium yellow and
slow growing rhizobia produce alkali which turns the medium
blue8.

A pot experiment was conducted at the Bangabandhu Sheikh
Mujibur Rahman Agricultural University to study the effect of
Rhizobium isolates on nodulation, growth and nitrogen fixation
of chickpea. The soil used in this experiment was sampled from
Salna series under Madhupur tract (AEZ 28). The collected soil
samples were air-dried, crushed and passed through a sieve. The
soil was then autoclaved at 121oC for 3 h to destroy the indigenous
organisms inhabiting there in. The soil was clay loam in texture
and contained 0.61% organic carbon, 0.05% total nitrogen, 0.07%
available P, 0.84 (meq/100g dry soil) exchangeable K, 13.75
(meq/100g dry soil) CEC and had a pH 7.1. Chickpea seeds were
collected from Bangladesh Agricultural Research Institute,
Joydebpur, Gazipur. The seeds were healthy, vigorous, well
matured and free from diseases.

The experiment was laid out in a randomized complete block
design (RCRD) with four replications. The treatments were
arranged in the experimental units randomly. Inoculation
treatments were uninoculated control CR0, Rhizobium strain CR1,
Rhizobium strain CR2, Rhizobium strain CR3 and Rhizobium
strain CR4. Each pot was filled with 1 kg of soil. Basal doses of
phosphorus (P), potassium (K), zypsum (S), molybdenum (Mo)
at the rate of 50 kg P2O5 ha-1 (in the form of TSP); 50 kg K2O ha-

1 (in the form of MOP); 20 kg S ha-1 (in the form of Zypsum) and
1.5 kg Mo ha-1 (in the form of Sodium molybdate) were applied
to the pots during final pot preparation. No nitrogen fertilizer
was used in the experiment. Five germinated seeds were sown in
each pot. Liquid inoculants prepared with Rhizobium strains CR1,
CR2, CR3 and CR4 having 1.1x108, 3.5x108, 2.6x108 and
4.3x108 viable cells/ml were spread on the germinated seeds and
were sown in soil.

Two healthy plants per pot were retained after the formation of
first trifoliate leaf. All the intercultural operations viz weeding,
irrigation and drainage, mulching etc were performed as and when
necessary. Plant samples were collected from the pot at 50%
flowering stage (45 days after sowing) of the crop. Plants were
carefully uprooted with the help of khurpi so that no nodules
were left in the soil. The roots were washed thoroughly with water.
The nodules from the roots of each plant were separately collected
and counted. The shoot, root and nodule materials were first air-
dried and then oven- dried at 65oC for 72 h. Oven-dried weights
of shoot, root and nodule were recorded. The oven-dried plant
shoot material was ground in a grinding machine (Wiley
Pulverizer, Type 1029-8, Yoshida Seisakusho Co. Ltd). Total N
content in the shoot material was determined by ashing the plant

material using salicylic acid modified Kjeldahl method following
sulfuric acid digestion and then colorimetric assay9. The data on
various characters of the crop were statistically analyzed to find
out the significance of variation resulting from the experimental
treatments. For this purpose, analysis of variance was worked
out for each character of the crop. The difference between
treatment means was compared by Duncan’s Multiple Range Test.

Colonies of rhizobial strains absorbed very little of the congo
red dye. Results presented in Table 1 show that Rhizobium strain
CR2 absorbed the dye very weakly, strains CR1, CR3 and CR4
exhibited weak absorption of the dye. This result is consistent
with that of Trinick10 who reported that rhizobia absorbed the
dye weekly compared with other bacteria. Growth on peptone
glucose agar as reported by Vincent11 indicates that most of the
Rhizobium strains grow either poorly or moderately in this
medium. Strain CR1 showed poor growth on the medium. Strains
CR2, CR3 and CR4 showed moderate growth on the medium.
Colony characteristics showed that strain CR1 was found to be
slow-growing on YEM agar. This strain produced large confluent
colonies with abundant gum in YEM agar after 5 to 7 days of
incubation. In contrast the strains CR2, CR3 and CR4 showed
fast growth in this medium (Table 1). Colonies of these strains
on YEM agar appeared small and separate with slight gum
production. The texture of the gum was usually sticky. The
importance of production of acid or alkali by the various rhizobia
has been emphasized when considering Rhizobium taxonomy8.
In this study all fast growing Rhizobium strains showed acidic
reactions throughout their four weeks of growth, while slow-
growing Rhizobium strains started with an alkaline reaction after
one week of growth (Table 1). It was observed that the strains
CR2, CR3 and CR4 produced acidic reaction on this medium.
These strains turned green color of the medium to yellow. Strain
CR1 produced alkali on this medium, which turned green color
of the medium to blue. Rhizobium strains showed visible turbidity
in YEM broth after 5 to 7 days of incubation. All the strains
produced moderate turbidity in this medium after ten days. The
differences in texture of extra cellular polysaccharide of the fast-
and slow-growing rhizobia have been shown to be due to
differences in monosaccharide comparison12.

The effect of Rhizobium inoculation on number of nodules per
plant of chickpea was significant (Table 2). The highest number
of effective nodule was obtained with the strain CR3, which was
statistically similar to the strain CR2. The lowest number of
effective nodule was obtained with the strain CR4 (Table 2). These
results are in agreement with the findings of Alam et al13 who
conducted a pot experiment and found that Rhizobium inoculation
significantly increased number of nodule in chickpea. These
results also support the findings of Solaiman14 who reported that
Rhizobium inoculation significantly increased number of nodule
per plant in mungbean. The highest number of total nodule was
obtained with the strain CR3. The second highest number of total
nodule was obtained with the strain CR2 .Solaiman and Rabbani15
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observed that pea inoculated with Rhizobium inoculants produced
the highest number of nodules at pre-flowering and pod filling
stages. The highest dry weight of effective nodules was obtained
with the strain CR2 which was statistically similar to the strain
CR3 (Table 2). This result are in agreement with Solaiman et
al.16 who conducted experiment on chickpea and found
significantly higher dry weight of nodule due to Rhizobium
inoculation. Eusuf Zai et al.17 conducted a pot experiment on
chickpea and found that Rhizobium inoculation increased dry
weight of nodules. Plants inoculated with the strain CR3 produced
the highest dry weight of total nodule. Strain CR2 produced the
second highest dry weight of total nodules. The lowest dry weight
of total nodules was obtained with strain CR4. There was a positive
correlation between the number and dry weight of nodules. The
highest plant height was recorded by the strain CR3 which was
statistically similar to the strains CR2 and CR1 (Table 3). The
lowest plant height was obtained with uninoculated control, which
was statistically similar to CR4. This result is similar to the findings
of Alam et al.13 who obtained higher plant height due to
inoculation over uninoculated control. The highest root length
was obtained with the strain CR2, which was statistically similar
to the strains CR1 and CR3 (Table 3). The lowest root length was
obtained with the control, which was statistically similar to the
strain CR4. Maura et al.18 stated that inoculation of chickpea
seed increased root growth of the plant. The highest dry weight
of shoot was recorded by CR2, which was statistically similar to

strain CR1 (Table 3). The lowest dry weight of shoot was recorded
with uninoculated control, which was statistically similar to the
strains CR4 and CR3. This result supports the findings of Solaiman
et al.16, who found significantly higher plant height and dry weight
of shoot over control due to inoculation in chickpea. There was a
positive correlation (r=0.628) between the dry weight of effective
nodules and dry weight of shoot of chickpea. It is evident from
Table 3 that dry weight of root was influenced due to Rhizobium
inoculation. Plant inoculated with the strain CR3 produced the
highest dry weight of root, which was 77% higher than control.
The second highest dry weight of root was recorded from the
strain CR2 followed by CR4. The lowest dry weight of root was
obtained with the control. The highest amount of N content in
shoot was obtained with the strain CR3 which was statistically
similar to the strains CR1 and CR2 (Table 4). The lowest N content
in shoot was obtained with the uninoculated control. Nitrogen
content in shoot had a positive correlation with the number and
dry weight of nodules. The highest N uptake was recorded by the
strain CR1 which was statistically similar to the strain CR2 (Table
4). The lowest N uptake by shoot was recorded from control. All
the strains performed better than uninoculated control considering
N uptake by shoot. Khan et al.19 found that single application of
Rhizobium inoculant significantly increased nitrogen uptake by
shoot compared to control. A positive relationship (r=0.764)
between dry weight of effective nodules and N uptake by shoot
in chickpea was observed.

Table 1: Characteristics of some Rhizobium strains isolated from root nodules of chickpea

 Rhizobium Growth on Growth on Colony Acid/alkali Growth in
 strains congo red  peptone characteristics production in YEM broth

YEM agar glucose  on YEM agar  YEM agar
(Absorption agar medium

of dye) (Fast/slow) containing
BTB

CR1 Weak Poor Slow Alkali Moderate turbidity
CR2 Slight Moderate Fast Acid Moderate turbidity
CR3 Weak Moderate Fast Acid Moderate turbidity
CR4 Weak Moderate Fast Acid Moderate turbidity

Table 2: Effect of Rhizobium inoculation on number and dry weight of nodules of chickpea

Inoculation treatment Number of nodules/plant Dry weight of nodules/plant (mg)

Effective Total Effective Total

Control(Uninoculated) 0.00 d 0.00 e 0.00 d 0.00 e
CR1 14.00 b 28.50 c 7.15 b 9.07 c
CR2 19.50 a 33.50 b 9.33 a 10.96 b
CR3 21.00 a 41.00 a 9.32 a 12.25 a
CR4 5.50 c 16.25 d 2.98 c 4.41 d
CV (%) 9.33 10.35 8.96 13.27

Means in a column followed by same letter(s) are not significantly different at 5% level of DMRT

Solaiman et al.
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