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MATERIALS AND METHODS

Mass cultivation of Rhizobium sp and Agrobacterium sp

Rhizobium sp and Agrobacterium sp mass culture was prepared by using 
broth culture. Selective medium broth was prepared on Erlenmeyer flask 
and was sterilizes at 121°C for 15 minutes. Then the liquid medium was 
kept for cooling. After cooling down, a large amount of Rhizobium sp and 
Agrobacterium sp were transferred aseptically from the agar medium to liquid 
medium with the aid of a sterile inoculating needle. The flask containing 
broth and isolates was then placed on the shaker at 280°C under 120 rpm 
for three days to accelerate the growth of Rhizobium sp and Agrobacterium sp. 
After three days, growth was observed on the flask and it was taken out from 
the shaker for further process.

Antibiotics resistance tests

PGPR strains were grown overnight in Luria-Bertani broth (for 1 liter: 
peptone 10 g; yeast extract 5 g; NaCl 5 g; H

2
O ad 1 liter ) and washed with 

0.9% saline solution. They were then streaked on LB agar containing the 
antibiotics and on a LB agar control without antibiotics. They were incubated 
for one week at room 37°C.

Rhizosphere colonization assay

Selected isolates were assessed for their ability to colonise the root system of 
Cicer arietinum in agnotobiotic screening method [7]. Bacteria were grown 
in 5 mL NB for 48 hours at 28°C on a rotary shaker at 200 rpm, then 
washed twice in sterile 0.03 M MgSO

4
, to ensure that the pellet was free of 

the bacterial growth medium, and resuspended at an OD 600 of 0.15 in fresh 
0.03 M MgSO

4
. MgSO

4
 was chosen in place of saline to avoid deleterious 

effects the saline may have had on seed germination. Cicer arietinum seed was 
surface sterilized as above and uniform seeds were placed into sterile Petri 
dishes and each dish was incubated at room temperature for 1 hour with 10 
ml of either sterile 0.03 M MgSO

4
 (used as a negative control) or bacterial 

suspensions in sterile 0.03 M MgSO
4
. The seeds were then transferred to 

sterile test tubes containing 0.6% water-agar with 4 replicates per bacterial 
isolate. Growth of the seedlings and bacteria in the tubes was monitored 
for 12 days and the presence of bacterial colonies on the roots recorded at 
12 days.

In vitro assay for Rhizobium sp and Agrobacterium sp

Auxin production: Auxin production by the rhizobacterial strains obtained 
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controlled seeds, pot experiments were conducted to evaluate the effect of 
bacterized seeds and controlled seeds. Therefore, it can be concluded that 
combined biofertilizer (Rhizophium sp and Agrobacterium sp) application was 
the most effective in terms of yield in Cicer arietinum cropping pattern and 
can be used to reduce the use of chemical fertilizers for sustainable crop 
production in terms of yield and soil fertility as well as environmental safety. 
However, more and intense systematic studies are required to provide better 
understanding of biofertilizer use in making crop production more profitable 
income generating.
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The present study was conducted to evaluate combine effect by using 
Rhizobium sp and Agrobacterium sp as a biofertilizer on nodule formation and 
growth of chick-pea plant and to study the efficiency of seed inoculation for 
nitrogen fixation. Rhizobium sp and Agrobacterium sp effect was studied using 
Cicer arietinum and controlled condition. Rhizobium sp and Agrobacterium 
sp were isolated from root nodules of Cicer arietinum, sterilized, prepared 
serial dilutions, incubated then applied on Cicer arietinum seeds and also on 

INTRODUCTION

Rhizobia are famous for their potency to embed a symbiosis with legumes. 
They inhabit root nodules, where they reduce atmospheric nitrogen 

and make it available to the plant. The Rhizobium bacterial strains in the 
starter cultures were needed to be grown on a large scale for which their mass 
production was urgently needed. In order to produce large quantities for a 
microorganism, the inoculums must be purified and liquid form would be 
cultured. Next, have to select the culture vessel used for liquid culture. In 
this case the size of the culture vessel is adjusted as required and productivity 
depends on vessel size [1]. 

Environmental requirements for microbial culture vessels have to be ensured. 
Mass propagation at a higher rate after isolation of micirobial biofertilizer is 
a challenging issue. This involves the culturing of large volumes of bacteria 
to obtain enough material to spectrally characterize an isolated compound. 
Currently, it is estimated that upwards of 90% of all culturing experiments 
in biotechnology are performed through shaken cultures [2]. The benefits 
of using shaken cultures are numerous and include the ability to culture 
in high density, a relatively low-cost barrier, and the use of easily accessible 
equipment. There are, however, a number of drawbacks to using shake flasks 
[3]. Primarily, shake flasks rely on surface aeration to transfer oxygen into the 
culture, resulting in low oxygen transfer compared to stirred bioreactors [4].

For natural product researchers, the application of shake flasks for the 
large-scale cultivation of microorganisms for natural product isolation has 
additional challenges. Although high-capacity shakers capable of handling 
numerous flasks at one time are available, they are expensive. This 
necessitates the use of smaller, cheaper orbital shakers that requires multiple 
rounds of culturing to generate enough material for compound isolation and 
characterization [5]. Conventional funnel or balloon shaped glass containers 
are taken for the purpose of cultivating more bacteria in a short period of time. 
It is not cost effective as low cost parts are assembled. Agitation of these types 
of bioreactors is accomplished by the flow of sterile air instead of mechanical 
stirring. Sometimes fermenters also used; the equipment, which provides the 
proper environment for the growth of a desired organism. It is generally a 
large vessel in which, the organism is kept at the required temperature, pH, 
dissolved oxygen concentration and substrate concentration. A sophisticated 
fermenter contains pH regulator, oxygen level regulator, anti-foam device, 
temperature controller, etc [6].
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from the initial isolation procedure was determined in the presence or 
absence of L-Tryptophan (L-TRP) by colorimetric analysis using the Salkowski 
reagent method [8]. Pure bacterial colonies were looped into sterile 5 ml 
sterile Nutrient Broth (NB) (Becton Dickinson) in McCartney bottles and 
shaken on a rotary shaker at 200 rpm and 28°C for four days.

Cultures at 4 days old were adjusted to an OD 600 of 0.5 and 1 ml of culture 
solution was added to 10 ml of Glucose Peptone Broth (GPB) (glucose 10.0 
g, peptone 5.0 g, 1000 ml H

2
0, pH 7.0) in McCartney bottles giving a final 

volume of 11.0 ml. To test for auxin activity in the presence of L-tryptophan 
(L-TRP), 1 ml of the OD adjusted culture solution was also added to GPB 
amended with 1 ml of filter sterilized (0.2 μm membrane filter, Schleicher 
and Schuell) 0.2% L-TRP solution giving a final concentration of 0.167 g/l 
L-TRP and volume of 12.0 ml. Cultures were incubated at 28°C for 48 hours 
in the dark at 200 rpm.

Non-inoculated controls with and without L-TRP were included for 
comparison. After incubation, 1.5 ml of the culture medium was centrifuged 
(5000 g, 10 min) to remove the bacterial cells. A 1 ml aliquot of the 
supernatant was mixed with 4 ml Salkowski reagent and allowed to stand 
for 30 min for colour to develop before absorbance at 535nm was measured. 
Auxin compounds expressed as IAA (μg ml-1) equivalents were determined by 
comparison with an IAA (Sigma) standard curve over the range 0 to 50 μg ml-1. 
To 4 ml Salkowski reagent, 1 ml of each IAA standard was added, allowed to 
stand for 30 min then the absorbance measured at 535 nm.

ACC deaminase production: To confirm the production of ACC deaminase 
by the isolates the method of Li et al., was used. A single colony of selected 
isolates was looped into 5 ml sterile tryptone- yeast broth (5 g tryptone, 3 
g yeast extract, 0.89 g CaCl

2
.2H

2
O, 1000 ml H

2
O; TY) in triplicate and 

incubated overnight at 28°C on a rotary shaker at 200 rpm. The bacterial 
isolate Sinorhizobium meliloti SM1021 does not have ACC deaminase activity 
and was included as a negative control. Two ml of the overnight cultures were 
centrifuged at 8000 g for 5 min, and then the cell pellet washed twice with 
1 ml sterile DF salts solution and finally resuspened in 1 ml fresh DF salts. 
The 1 ml culture suspension was added to a sterile 30 ml tube containing 
1 ml DF salts and to this 12 μl of a 0.5 mm ACC solution was added to 
give a final concentration of 3.0 mm. Two ml of sterile DF salts amended 
with 3.0 mm ACC was prepared as a blank. All the tubes were incubated 
for 24 hours on a shaker at 200 rpm and 28°C. Just prior to conducting 
the ACC consumption assay, the ninhydrin reagent was prepared. The 
ninhydrin reagent consisted of reagent A: (1 m citrate buffer; 1.53 g citric 
acid, 15.42 g sodium citrate, 60 ml H

2
O) combined with reagent B: (500 mg 

ninhydrin, 15 mg l-ascorbic acid, 60 ml ethylene glycol) to make up a final 
volume of 120 ml. A standard curve was prepared using DF salts as a diluent 
for concentrations of ACC ranging from 0.05-0.50 mm. A 1 ml aliquot of 
each culture and blank was centrifuged in a 1.5 ml centrifuge tube at 8000 g 
for 5 min and the supernatant was diluted 1/10 with fresh DF salts. Diluted 
cultures (60 μl), blanks and standards were added to separate wells in a 96 
well chimney top PCR microplate (Axygen) and to each well 120 μl of the 
ninhydrin reagent was added. The PCR plate was covered with a silicon mat 
(Axygen) and placed in a thermocycler (Bio-Rad MyCycler Version 1.065) 
at 100°C for 30 min. The plate was then allowed to cool and the colour to 
develop for 10-15 min at room temperature. The absorbance was then read at 
570 nm on a microplate reader (Beckman and Coulter DTX 880 Multimode 
Detector).

Cellulase production: Cellulase production was assessed using the methods 
of Matthysse et al., [9] and Hameed et al., [10]. Yeast extract (1.2 gL-1), 
cellulose (10 gL-1) 0.2 gl-1 Congo red and agar (8 gL-1, Grade A) were added to 
800 ml H

2
O and autoclaved at 121°C for 20 min. After autoclaving, 200 ml 

sterile M9 salts, 2 ml of sterile 1 m MgSO
4
 and 100 μl of sterile 1 M CaCl

2
, 

were added. Twenty μl of a 0.5 OD 600 nm culture solution of each PGPB 
in 0.89 % (w/v) NaCl solution was placed in the centre of a cellulose plate 
in triplicate. After 7 days of incubation at 28°C, isolates surrounded by clear 
halos were considered positive for cellulase production.

Pectinase production: Pectinase production was also determined in M9 
medium except the cellulose was replaced with pectin (4.8 g/liter) and the 
Congo red omitted. Twenty μl of a 0.5 OD600 culture solution in 0.89% 
(w/v) NaCl solution was placed in the centre a pectin plate in triplicate. 
After 7 days of incubation at 28°C, the plates were flooded with 2 M HCl 
and isolates surrounded by clear halos were considered positive for pectinase 
production [9].

Phosphorus solubilisation: The ability of selected isolates to solubilise 
phosphorus in vitro was assessed on several different media. In a method 
adapted from Oresnik et al., [11], sterile calcium phosphate precipitate 
produced from combining 50 ml 10% (w/v) K

2
HPO

4
 and 100 ml 10% (w/v) 

CaCl
2
, was added to 850 ml autoclaved Potato Dextrose Agar (PDA) while 

stirring to produce a final volume of 1000 ml. The PGPB isolates were patch 
inoculated on to the CaHPO

4
 plates using sterile orange sticks from cultures 

grown on TY agar at 28°C for 2 days. The inoculated CaHPO
4
 plates were 

incubated for 7 days at 28°C and the assay was repeated twice.

Polyamine production: Polyamine production by the bacteria was determined 
using a modified Moeller’s Decarboxylase Agar Medium (MDAM) [12]. This 
media contains 5.0 gm peptone, 3.0 gm yeast, 0.02 gm phenol red 0.03 gm 
MnSO

4
 15.0 gm agar in 1000 ml deionized water. L-arginine-hydrochloride 

(1gL-1) was added to the MDAM prior to autoclaving. The control MDAM 
did not contain L-arginine. Bacteria were patch plated onto the MDAM 
plates and incubated in the dark for 24 hours at 28°C. The ability to produce 
arginine decarboxylase and hence putrescine from the arginine contained in 
these agar plates is indicated by a dark red halo beneath the bacterial colony 
[12].

Indole acetic acid production: YEMA Culture media add tryptophan (0.1%) 
then all isolates inoculated with this media. Then it kept shaking incubator 
(32°C, 100 rpm) for 48 hours.

Siderophore production: To detect siderophore production by the isolates, 
Chrome Azurol S (CAS) agar plates [13] were prepared using the modified 
method of Denarie et al., [14]. The PGPB were patched from TY agar onto 
the CAS agar plates using a sterile orange stick. There were 4 PGPB per CAS 
agar plate and 3 replicate plates per PGPB. The plates were incubated at 
28°C for up to 48 hours and an orange halo produced around the bacterial 
colonies was considered positive for siderophore production. As Hexadecyl 
Trimethyl Ammonium Bromide (HDTMA), which is used to complex the 
CAS and the ferric solution, has antibacterial properties [14], the effect of 
this cationic detergent was evaluated by preparing 0.1x TSA with 73 mg L-1 
HDTMA and bacterial growth was compared with bacteria patched onto 
unamended 0.1x TSA. To detect siderophore production by the isolates, 
Chrome Azurol S (CAS) agar plates [13] were prepared using the modified 
method of Denarie et al., [14]. The PGPB were patched from TY agar onto 
the CAS agar plates using a sterile orange stick. There were 4 PGPB per CAS 
agar plate and 3 replicate plates per PGPB. The plates were incubated at 
28°C for up to 48 hours and an orange halo produced around the bacterial 
colonies was considered positive for siderophore production. As Hexadecyl 
Trimethyl Ammonium Bromide (HDTMA), which is used to complex the 
CAS and the ferric solution, has antibacterial properties [14], the effect of 
this cationic detergent was evaluated by preparing 0.1 × TSA with 73 mg 
L-1 HDTMA and bacterial growth was compared with bacteria patched onto 
unamended 0.1 × TSA. Each test was carried three times and statistically, 
they were analyzed.

RESULTS AND DISCUSSION

The present study, a total of 18 out of 166 Rhizosphere isolates were obtained 
by the preliminary isolation technique. However, this does not represent the 
total culturable proportion of Rhizosphere organisms in these soils. The 
similar results reported already, the culturable fraction of soil microorganisms 
is generally found to be less than 5% of the total microscopically countable 
cells [15] which is attributed to the intrinsic selectivity of any medium utilized 
as well as the incubation conditions [16]. Furthermore, in the current study, 
the true population of bacteria in the soils may be underrepresented due to 
loss of viability of some bacteria during drying of the rhizosphere soils before 
plating onto the agar media as well as the selection of only fast growing 
colonies on the ½ NA agar.

This rich diversity is due to existence of microbes in all niches where life is 
possible. The microbial processes control the transformation of nutritionally 
agri product to a protein- rich food substrate which represents a significant 
contribution to energy and nutrient budgets of the terrestrial ecosystems 
[17,18]. A lot of physico-chemical parameters are significantly influencing the 
microbial activity in the mangrove environment [19].

Microbial diversity in Indian soil has been studied especially for nitrogen 
fixers (azotobacter and azospirillum), phosphate solublizers, cyanobacteria, 
actinomycetes and fungi [20]. The current study influence of bio-fertilizers on 
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showed that Azospirillum brasilense has a tryptophan independent auxin 
biosynthesis pathway that accounts for 90% of the auxin produced by this 
bacterium in the absence of exogenously applied L-TRP.

It has frequently been demonstrated that formulations of the Salkowski 
reagent show varying specificity for auxin and indolic compounds. For 
instance, Sarwar et al., [28] examined the specificity of three versions of the 
Salkowski reagent and the three formulations also reacted with Indolepyruvic 
Acid (IPyA) and Indoleacetamide (IAM), which are intermediates in the IAA 
biosynthesis pathway. As a consequence, Glickman and Dessaux suggest 
the production of IPyA and IAM by bacterial isolates may overestimate 
IAA production using these techniques. In support of this, using Reverse 
Phase High Performance Liquid Chromatography (RP-HPLC) Sheldrake [26] 
detected high levels of indole-3-lactic acid, which is detected by some forms 
of the Salkowski reagent, as well as IAA and IAM in the culture supernatant 
of a P. putida strain. Furthermore, Stewart and Anderson determined IAA 
production by Pseudomonas aeruginosa strain OG by the spectrophotometric 
(Salkowski) method as 28.83 μg mL-1 whereas using High Performance Thin 
Layer Chromatography (HPTLC), production of IAA was 1.60 μg mL-1. This 
indicates that IAA intermediate compounds.

Two of the PGPB were able to improve plant growth and yields in the field 
in the current study. This includes the isolate VBSR 8 and VBRS 5 which 
increased nodulation of the peas at the Cicer arietinum field site compared 
with the rhizobia only controls. Shoot Dry Weights (SDW) and grain yields 
were not significantly increased upon co-inoculation with VBSR 8 and 
VBRS 5 at the Site 1, possibly due to the black spot infection which may have 
reduced the yields at this site, although they were higher than the average for 
India. Slatter et al., repoted early research in the field pea yields in Western 
Australia can exceed 2.0 tonne ha-1 under favourable growing conditions 
particularly with the newer varieties [29]. Therefore, Rhizobium needs to be 
investigated in the field with other varieties of pea to determine if nodulation 
and yields are improved in these varieties with this PGPB. This isolate 
demonstrates several of the common traits associated with beneficial plant-
microbe interactions, including production of the auxin IAA, production 
of ACC deaminase, siderophore production, as well as the solubilization of 
sparingly soluble phosphates in both solid and liquid media (Table 2) [30-34].

seed germination of Cicer arietinum at various stages of its growth was reported. 
The previous study demonstrated in enhancement of seed germination might 
be attributed to the role of Rhizobacteria, Azospirillum and phosphobacteria 
in enhancing the availability of nitrogen and phosphorus in the soil thus 
making these nutrients available to the germinating seed with consequent 
enhancement in the metabolic activity resulting in higher germination [21].

The current study influence of bio-fertilizers on total leaf area of Cicer 
arietinum at various stages of its growth was reported in Table 1. The similar 
result were updated already for this research, increase of leaf area is attributed 
to the nitrogen that was made available in the soil due to the organism present 
in the bio-fertilizers. Nitrogen application increases the metabolism rate and 
transport of growth promoters in the plants which results in promoting 
length of the leaf and leaf area [22].

Previous studies have shown that around 80% of rhizosphere organisms are 
able to produce auxin [23] and in the current study 97% of the organisms 
tested produced detectable levels of auxin. A greater number of high auxin 
producing (>10.0 μg mL-1 in presence of L-TRP) isolates were obtained from 
the rhizosphere of crop species than from native species. For instance, 16 
high auxin producing isolates were obtained from the rhizosphere soils of 
peas and wheat at Meckering compared with four from the rhizosphere soil 
of native species at Chittering. The two highest auxin producing isolates 
were obtained from peas at Meckering (P. granadensis PMK4) and from native 
species at Chittering (NCH7) (Table 1).

Auxin production by the rhizobacterial isolates was substantially increased 
with the addition of L-TRP to the culture medium. The number of isolates 
capable of producing >1.0 μg mL-1 IAA equivalents increased by 50% with 
the addition of L-TRP to the medium. These results complement those of 
other workers on the increases in microbial production of IAA upon the 
addition of L-TRP to culture media and soils [24], and indicate that L-TRP 
serves as a physiological precursor for the biosynthesis of auxins in microbes.

Root exudates are a natural source of the amino acid tryptophan for 
rhizosphere microflora in soil [25]. Sheldrake [26] found detectable amounts 
of tryptophan in the root exudates of some, but not all varietes of wheat, and 
it is suggested, therefore, that not all plants release tryptophan in quantities 
adequate for the microbial production of auxin. However, Steel et al., [27] 

Parameters Days
Cicer arietinum

Control Bio-fertilizers Chemical fertilizers

Root length (cm)

1 0.08 ± 0.015 7.5 ± 0.013 3 ± 0.010

15 1.2 ± 0.015 12.7 ±0 .013 4.5 ± 0.021

30 1.5 ± 0.015 20.5 ± 0.013 6 ± 0.011

45 2 ± 0.015 27.5 ± 0.013 7.2 ± 0.013

60 2.5 ± 0.015 42.7 ± 0.013 13 ± 0.023

Shoot length (cm)

1 0.07 ± 0.015 8.3 ± 0.015 3.1 ± 0.012

15 7.14 ± 0.015 22.1 ± 0.023 20.3 ± 0.011

30 11.9 ± 0.015 29.8 ± 0.020 23.2 ± 0.014

45 15.6 ± 0.015 48.3 ± 0.015 33.1 ± 0.012

60 2.05 ± 0.015 52.1 ± 0.023 35.3 ± 0.011

Leaf area (cm2)

1 0.07 ± 0.015 0.14 ± 0.011 0.09 ± 0.013

15 0.12 ± 0.015 0.32 ± 0.013 0.13 ± 0.01

30 0.26 ± 0.015 0.56 ± 0.011 0.26 ± 0.012

60 0.32 ± 0.015 0.73 ± 0.011 0.33 ± 0.013

TABLE 1
Root, Shoot length and Leaf area measured at time interval of 15 days upto 60 days
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CONCLUSION

The present study was conducted to investigate the effect of Rhizobium sp 
and Agrobacterium sp different growth and yield parameters of Cicer arietinum 
intercropping system. PGPR inoculation was found significant on pod 
length in pea monoculture and in pea intercropped with wheat. Inoculation 
with combined biofertlizers was found to be significant on days to maturity, 
number of branches per plant, number of seeds per pod and seed yield in 
pea monoculture and it showed a significant influence on days to maturity, 
number of branches per plant and on pod length in pea intercropped with 
wheat. It gave the highest yield in pea monoculture. Therefore, it can be 
concluded that combined biofertilizer (Rhizophium sp and Agrobacterium 
sp) application was the most effective in terms of yield in Cicer arietinum 
cropping pattern and can be used to reduce the use of chemical fertilizers 
for sustainable crop production in terms of yield and soil fertility as well 
as environmental safety. However, more and intense systematic studies are 
required to provide better understanding of biofertilizer use in making crop 
production more profitable income generating.

ACKNOWLEDGEMENT

Much gratefulness to the co-authors adopted with accurate assistance and 
collaboration for data analysis to conduct significant research work Research 
Department of Botany, Sri Moogambigai Arts and Science College (Women), 
and Research Department of Botany, Periyar University, Salem, Tamilnadu, 
India. This research did not receive any specific grant from funding agencies 
in the public, commercial, or not-for-profit sectors.

REFERENCES

1.	 Bissonnette N, Lalande R, Bordeleau LM. Large-scale production of 
Rhizobium meliloti on whey. Appl Environ Microbiol. 1986; 52(4):838-841. 

2.	 Büchs J. Introduction to advantages and problems of shaken cultures. 
Biochem Eng J. 2001; 7(2):91-98. 

3.	 Theodore CM, Loveridge ST, Crews MS, et al. Design and implementation 
of an affordable laboratory‐scale bioreactor for the production of microbial 
natural products. Eng Rep. 2019; 1(4):e12059.  

4.	 Betts JI, Baganz F. Miniature bioreactors: current practices and future 
opportunities. Microb Cell Factories. 2006; 5:1-4. 

5.	 Ramanujam B, Prasad RD, Sriram S, et al. Mass production, formulation, 
quality control and delivery of Trichoderma for plant disease management. J 
Plant Prot Sci. 2010; 2(2):1-8. 

6.	 Vincent JM. A manual for the practical study of the root-nodule bacteria. 
1970. 

Origin PGP properties

Strain Auxin IAA ACC Siderophore Pectinase Phosphorus Polyamine Cellulose

1 + + - + - + + -

2 + + + + + + + +

3 + + + + - + + -

4 - - + + - - + -

5 + - - + + + - +

6 + + + - + + + +

7 + + + + + + + +

8 + + + + + + + +

9 + + - + - + + -

10 + + + - + + + +

Note: '+'=presence; '-'=absence.

TABLE 2
In vitro assay for Rhizobacterium sp and Agrobacterium sp

7.	 Bashan Y, Levanony H. Alterations in membrane potential and in proton 
efflux in plant roots induced by Azospirillum brasilense. Plant and soil. 1991; 
137:99-103. 

8.	 Döbereiner J, Reis VM, Paula MA, et al. Endophytic diazotrophs in sugar 
cane, cereals and tuber plants. In New Horizons in Nitrogen Fixation: 
Proceedings of the 9th International Congress on Nitrogen Fixation, 
Cancún, Mexico, 1993; 671-676.  

9.	 Matthysse AG, McMahan S. The effect of the Agrobacterium tumefaciens attR 
mutation on attachment and root colonization differs between legumes and 
other dicots. Appl Environ Microbiol. 2001; 67(3):1070-1075. 

10.	 Hameed S, Yasmin S, Malik KA, et al. Rhizobium, Bradyrhizobium and 
Agrobacterium strains isolated from cultivated legumes. Biol Fertil Soils. 
2004; 39:179-185. 

11.	 Oresnik IJ, Twelker S, Hynes MF. Cloning and characterization of a 
Rhizobium leguminosarum gene encoding a bacteriocin with similarities to 
RTX toxins. Appl Environ Microbiol. 1999; 65(7):2833-2840. 

12.	 Samac DA, Willert AM, McBride MJ, et al. Effects of antibiotic-producing 
Streptomyces on nodulation and leaf spot in alfalfa. Appl Soil Ecol. 2003; 
22(1):55-66. 

13.	 Geetha SJ, Joshi SJ. Engineering rhizobial bioinoculants: a strategy to 
improve iron nutrition. Sci World J. 2013. 

14.	 Dénarié J, Debellé F, Rosenberg C. Signaling and host range variation in 
nodulation. Annu Rev Microbiol. 1992; 46(1):497-531. 

15.	 Alabouvette C, Heilig U, Cordier C. Microbial control of plant diseases. In 
Beneficial microorganisms in agriculture, food and the environment: safety 
assessment and regulation. 2012; 96-111.  

16.	 Socolow RH. Nitrogen management and the future of food: lessons from the 
management of energy and carbon. Proc Natl Acad Sci. 1999; 96(11):6001-
6008. 

17.	 Heald EJ. The production of organic detritus in a south Florida estuary. 
University of Miami; 1969. 

18.	 Odum EP, Barrett GW. Fundamentals of ecology. Philadelphia: Saunders; 
1971.

19.	 Chakraborty SK, Choudhury AM. Distribution of fiddler crabs in 
Sundarbans mangrove estuarine complex, India. In Proceedings of National 
Symposium on Biology, Utilization and Conservation of Mangroves 1985; 
467-472.  

20.	 Blasco F, Aizpuru M, Gers CJ. Depletion of the mangroves of Continental 
Asia. Wetl Ecol Manag. 2001; 9(3):255.  

https://journals.asm.org/doi/abs/10.1128/aem.52.4.838-841.1986
https://journals.asm.org/doi/abs/10.1128/aem.52.4.838-841.1986
https://www.sciencedirect.com/science/article/abs/pii/S1369703X00001066
https://onlinelibrary.wiley.com/doi/full/10.1002/eng2.12059
https://onlinelibrary.wiley.com/doi/full/10.1002/eng2.12059
https://onlinelibrary.wiley.com/doi/full/10.1002/eng2.12059
https://link.springer.com/article/10.1186/1475-2859-5-21
https://link.springer.com/article/10.1186/1475-2859-5-21
http://www.aappbckv.org/journal/archive/Jr%20Vol%202%20No2%20P1.pdf
http://www.aappbckv.org/journal/archive/Jr%20Vol%202%20No2%20P1.pdf
https://www.cabdirect.org/cabdirect/abstract/19710700726
https://link.springer.com/article/10.1007/BF02187439
https://link.springer.com/article/10.1007/BF02187439
https://link.springer.com/chapter/10.1007/978-94-017-2416-6_55
https://link.springer.com/chapter/10.1007/978-94-017-2416-6_55
https://journals.asm.org/doi/full/10.1128/AEM.67.3.1070-1075.2001
https://journals.asm.org/doi/full/10.1128/AEM.67.3.1070-1075.2001
https://journals.asm.org/doi/full/10.1128/AEM.67.3.1070-1075.2001
https://link.springer.com/article/10.1007/s00374-003-0697-z
https://link.springer.com/article/10.1007/s00374-003-0697-z
https://journals.asm.org/doi/full/10.1128/AEM.65.7.2833-2840.1999
https://journals.asm.org/doi/full/10.1128/AEM.65.7.2833-2840.1999
https://journals.asm.org/doi/full/10.1128/AEM.65.7.2833-2840.1999
https://www.sciencedirect.com/science/article/abs/pii/S0929139302001099
https://www.sciencedirect.com/science/article/abs/pii/S0929139302001099
https://www.hindawi.com/journals/tswj/2013/315890/
https://www.hindawi.com/journals/tswj/2013/315890/
https://www.annualreviews.org/doi/abs/10.1146/annurev.mi.46.100192.002433?journalCode=micro
https://www.annualreviews.org/doi/abs/10.1146/annurev.mi.46.100192.002433?journalCode=micro
https://www.cabidigitallibrary.org/doi/abs/10.1079/9781845938109.0096
https://www.pnas.org/doi/abs/10.1073/pnas.96.11.6001
https://www.pnas.org/doi/abs/10.1073/pnas.96.11.6001
https://www.proquest.com/openview/e09ae50862ac097059c9d593753b1031/1?pq-origsite=gscholar&cbl=18750&diss=y
https://d1wqtxts1xzle7.cloudfront.net/30234225/odum_barrett-ch1-sections1-4-libre.pdf?1390881424=&response-content-disposition=inline%3B+filename%3DFundamental_of_ecology.pdf&Expires=1680246951&Signature=gDbLxfeiBkOc2bc-1ifWMyKK1FmiiscxDnj~Dh31fdFpUPGcGTcfZ-j0-zpayUZC8MQOb2KvQCm9VHcScvBUVp93CnKaN21G85cafZzDXv3lGbzlzUc1~M8L~R6BZrmZVJDNbN4H~j4JsHU8PjmFB41K3zcvDNkSZLIS6CxXEsYQQbmtzAbuB7ETn2Ds~Sdf4I~jkbznAE6GrFYuvKHxeSIjjZ7FFWfzW6Deqyw02ZLFHe7ywXH2lBKtPNRn~ahpDpKbb3yvHybcQkvLDwnlHlwJ7tM9OwWAW~sE4OHtql~bpCkZW4vgFTyln9dY8tTqQ3cRHeF06GUlvdSsMzaOBw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=2421c6089c1963feba7b29d30df356c8098ff673
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=2421c6089c1963feba7b29d30df356c8098ff673


513

Characterization effective of Rhizobium and Agrobacterium species used as a bio fertilizers on growth of chick pea (Cicer arietinum)

AGBIR Vol.39 No.3 May 2023

21.	 Connell S, Gillanders B. Marine ecology. Oxford University Press; 2007.  

22.	 Chatterjee S, Bhunia G, Chakraborty SK. Bioturbation of Brachyuran crabs 
and its impact on coastal ecosystem of Midnapore district, West Bengal, 
India. In proceedings of Forth International Conference on Environmental 
Science and Technology, at Houston, Texas USA 2008; 133-148.  

23.	 Gole CV, Vaidyaraman PP. Salinity distribution and effect of fresh water 
flows in the Hooghly River. In Coastal Engineering. 1966; 1412-1434. 

24.	 De TK, Mitra A, Choudhury A. Studies on phytoplankton and productivity 
around Sagar Island and Prentice Island, Sundarbans, West Bengal. Rec 
Zool Surv India. 1987; 81-92. 

25.	 Dey MK, Hazra AK, Chakraborty SK. Functional role of microarthropods 
in nutrient cycling of mangrove-estuarine ecosystem of Midnapore coast of 
West Bengal, India. Int J Environ Technol Manag. 2010; 12(1):67-84.  

26.	 Sheldrake AR. The occurrence and significance of auxin in the substrata of 
bryophytes. New Phytol. 1971; 70(3):519-526.  

27.	 Steel RG, Torrie JH. Principles and procedures of statistics, a biometrical 
approach. McGraw-Hill Kogakusha, Ltd.; 1980.  

28.	 Sarwar M, Arshad M, Martens DA, et al. Tryptophan-dependent biosynthesis 
of auxins in soil. Plant and Soil. 1992; 147:207-215.  

29.	 Strzelczyk E, Pokojska-Burdziej A. Production of auxins and gibberellin-like 
substances by mycorrhizal fungi, bacteria and actinomycetes isolated from 
soil and the mycorrhizosphere of pine (Pinus silvestris L.). Plant and Soil. 
1984:185-194. 

30.	 Parija SC. Textbook of microbiology & immunology.  

31.	 Duke NC. Genetic diversity, distributional barriers and rafting continents—
more thoughts on the evolution of mangroves. In Asia-Pacific Symposium 
on Mangrove Ecosystems: Proceedings of the International Conference held 
at The Hong Kong University of Science & Technology. 1995; 167-181.  

32.	 Mhamdi R, Jebara M, Aouani ME, et al. Genotypic diversity and symbiotic 
effectiveness of rhizobia isolated from root nodules of Phaseolus vulgaris L. 
grown in Tunisian soils. Biol Fertil Soils. 1999; 28:313-320.  

33.	 Robleto EA, Borneman J, Triplett EW. Effects of bacterial antibiotic 
production on rhizosphere microbial communities from a culture-
independent perspective. Appl Environ Microbiol. 1998; 64(12):5020-5022. 

34.	 Scheublin TR, Ridgway KP, Young JP, et al. Nonlegumes, legumes, and root 
nodules harbor different arbuscular mycorrhizal fungal communities. Appl 
Environ Microbiol. 2004; 70(10):6240-6246. 

https://hekyll.services.adelaide.edu.au/dspace/handle/2440/57798
https://ascelibrary.org/doi/abs/10.1061/9780872620087.079
https://ascelibrary.org/doi/abs/10.1061/9780872620087.079
https://www.inderscienceonline.com/doi/abs/10.1504/IJETM.2010.029981
https://www.inderscienceonline.com/doi/abs/10.1504/IJETM.2010.029981
https://www.inderscienceonline.com/doi/abs/10.1504/IJETM.2010.029981
https://nph.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-8137.1971.tb02553.x
https://nph.onlinelibrary.wiley.com/doi/abs/10.1111/j.1469-8137.1971.tb02553.x
https://www.cabdirect.org/cabdirect/abstract/19810721475
https://www.cabdirect.org/cabdirect/abstract/19810721475
https://link.springer.com/article/10.1007/BF00029072
https://link.springer.com/article/10.1007/BF00029072
https://www.jstor.org/stable/42935912
https://www.jstor.org/stable/42935912
https://www.jstor.org/stable/42935912
https://link.springer.com/book/10.1007/978-981-19-3315-8
https://link.springer.com/chapter/10.1007/978-94-011-0289-6_21
https://link.springer.com/chapter/10.1007/978-94-011-0289-6_21
https://link.springer.com/article/10.1007/s003740050499
https://link.springer.com/article/10.1007/s003740050499
https://link.springer.com/article/10.1007/s003740050499
https://journals.asm.org/doi/full/10.1128/AEM.64.12.5020-5022.1998
https://journals.asm.org/doi/full/10.1128/AEM.64.12.5020-5022.1998
https://journals.asm.org/doi/full/10.1128/AEM.64.12.5020-5022.1998
https://journals.asm.org/doi/full/10.1128/AEM.70.10.6240-6246.2004
https://journals.asm.org/doi/full/10.1128/AEM.70.10.6240-6246.2004

