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Rhizobium species was isolated from fresh healthy unbroken nodules of Gram 

(Chick pea), Cicer arientinum)crop. Isolated Rhizobium species were 

characterised based on the standard procedures. Siderophores were produced 

from Rhizobium species isolated from the crop nodules in the succinate broth 

medium. Seed growth promotion was determined. A uniform coat of respective 

Rhizobium species and Rhizobium+siderophore was formed around the crop 

seeds. The seeds coated with Rhizobium species+siderophore grown fully as 

compared to Rhizobium alone then to water (control).These studies if applied to 

the crops in the field definitely increase the crop yield.  
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INTRODUCTION 

Siderophores are defined as ‘relatively low 

molecular weight ferric ion specific chelating 

agents produced by almost all aerobic 

microorganisms under low iron stress’ (Lankford, 

1973). Siderophores can be classified chemically 

into two major categories: the secondary 

hydroxamic acids and the phenolates (Emery & 

Neilands,1960 and Weinberg,1978). Saxena and 

Modi in 1986 observed the excretion of phenolates 

siderophores along with leucine and lysine as well 

as salicylic acid under iron starved conditions in 

Azospirillum lipoferum strain D-2.In A.brasilense 

RG, siderophores of 2,3 dihydroxybenzoic acid 

conjugates like spirillobactins were characterized 

(Bacchawat and Ghosh,1987). 

Though Iron is abundantly present in the 

earth’s crust, its dissolved concentration is very 

low. Lack of iron in a cell inhibits growth,N2 

fixation and many other enzymatic processes and 

lead to modification of photosynthetic pigment 

composition (Wilhelm et al.,1996). Under iron 

stress conditions (<5x10
-7 

mol dm
-3

) growth 

inhibition, gradual pigment decay and cell mortality 

is observed (Paczuska and Kosakowska, 2003). 

Hence under iron limited conditions, most 

prokaryotes ,certain fungi and plants secrete 

siderophores which are compounds with low 

molecular weight that binds ferric ions with high 

affinity (Neiland, 1995).These siderophores are 

secondary metabolites. In agriculture, inoculation of 

soil with siderophore producing bacteria like 

Pseudomonas putida which produces 

pseudobactin,increases growth and yield of various 

plants (Koppler et al., 1980). 

Considering the significance of 

siderophore, siderophore producing bacteria 

Rhizobium species were isolated from the root 

nodules of chick pea crops. The seed growth 

promotion was observed and noted down..For this, 

the isolated Rhizobium species and Rhizobium 

species+siderophore and water were used for the 

seed growth promotion of the gram seeds. The 

seeds coated with Rhizobium species+siderophore 

were grown fully as compared to Rhizobium alone 

then to water (control). If these studies applied to 

the crops in the field, definitely increase the crop 

yield.
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MATERIALS AND METHODS 

A) Isolation of Rhizobium from Root Nodules 

The gram crop plants were selected for the isolation 

of Rhizobium. The medium used for isolation of the 

Rhizobium was modified Yeast Extract Mannitol 

Agar. This medium along its ingredients also 

contained 40μg/ml ZnCl2, CoCl2 and 500 μg/ml 

CuSO4.Rhizobium was isolated from fresh, healthy 

and unbroken pink nodules. Nodules were taken 

from the mature respective plant roots and washed 

with sterile distilled water to remove attached soil 

particles. Nodules were externally sterilized by 1% 

Mercuric Chloride. Again water wash treatment was 

done to remove the Mercuric Chloride. Cleaned 

nodules were crushed in sterile distilled water .The 

five serial dilutions were prepared from this. The 

last dilution was selected and used for the Isolation 

of Rhizobium..A loopful of the last dilution was 

selected and streaked on sterile Yeast Extract 

Mannitol Agar (YEMA) (Atlas, 2005) medium 

modified containing 40μg/ml ZnCl2 and CoCl2 

(Tong and Sadowsky, 1994) and 500 μg/ml CuSO4.  

The streaked plates were incubated at 28
0
C for 3 

days. After incubation, colony characteristics were 

taken (Aneja, 2002 and Dubey, 2012).  

B) Characterization of Rhizobium 

Isolated Rhizobium species were characterised 

based on the standard procedures. Grams nature, 

morphology were detected and noted down. 

C) Production of Siderophore 

1 ml active culture of Rhizobium isolated from 

chick pea plants were separately inoculated in the 

100 ml sterile succinate broth medium(Bharbhiaya 

and Rao,1985) containing 4 gram succinic acid,0.1 

gram k2HPO4,3 gram KH2PO4,1 gram(NH)4SO4,0.2 

gram MgSO4.7H2O,1000 ml distilled water. The pH 

of the medium was adjusted to 7 before autoclaving. 

100 ml sterile succinate broth medium without 

inoculation was kept as a control. The flasks were 

incubated at 28
o
Con orbital shaker adjusted at 120 

rpm for 24 hours(Kshirsagar and 

Manwar,2011).After incubation, it acts as a 

siderophore. 

After incubation, the flasks were observed for 

production of Siderophore by performing Arnow 

tests (Arnow, 1937). 

D) Detection of Siderophore 

Arnow test was performed to determine the 

production of siderophore. 

Arnows assay: 

For this Nitrate molybdate reagent was required. It 

was prepared by dissolving 10 gram sodium nitratre 

and 10 gram sodium molybdate in 100 ml distilled 

water NaOH 

To the 1 ml siderophore solution or supernatant 1ml 

of 1 N HCl and 1 ml of Nitrate molybdate were 

added with proper mixing. 

The catechol produced a yellow colour at this point. 

Then 1ml of 1 N NaOH solution was added after 

which colour should be changed to red. The colour 

appeared should remain stable at least one hour.  

E) Determination of seed growth promotion 

The siderophores were produced from Rhizobium 

species isolated in the succinate broth medium 

.Firstly the seeds were washed with running tap 

water and then distilled water. Three sets were 

prepared as control, respective isolated Rhizobium 

species and respective 

Rhizobium+siderophore.Seven seeds of gram were 

separately inoculated in the above prepared three 

sets. After for 30 minutes, the seeds were removed 

and placed in the sterile petriplates with filter paper. 

Proper labelling was done. Sterile water was 

sprayed time to time to avoid the drying of the filter 

paper and to provide the moisture. 

A uniform coat of Rhizobium and 

Rhizobium+siderophore  were formed around the 

seeds by using 10 percent sugar and 40 percent gum 

arabic.5 seeds were placed in a petridish containing 

sterile filter paper moistened with sterile distilled 

water. Petridishes were kept in dark at 30
0
C and 

monitored for root and shoot development. 

Moisture of filter paper was maintained time to time 

by addition of sterile distilled water. In a control 

plate, the seeds are without Rhizobium as well as 

Rhizobium& siderophore. The root and shoot length 

was measured after 10 days (Shaikh and Naphade, 

2013, Kamthane, 2014). 

 

RESULTS AND DISCUSSION 

After incubation, large, white translucent, 

glistening, gummy and elevated colonies having 

entire margin were appeared. 

The gram negative Rhizobium species rods from 

Chick pea were isolated on modified Yeast Extract 

Mannitol Agar. Siderophores were produced from 

isolated Rhizobium species in the succinate broth 

medium. Production of Siderophore determined by 

performing Arnow test by using standard tests. Raut 

et al. in 2008 isolated various bacteria from 

rhizospheric soil of groundnut and soybean from 

Vasantrao Naik Marathwada Agricultural 

University, Parbhani.The isolates were grown by 

them in the succinate broth medium for 48hours on 

rotary shaker incubator at 28
o
C for siderophore 

production. 
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Plate I: Isolation of Rhizobium species 

 
Plate II:Arnows assay by the Rhizobium isolated 

from Gram Seeds 

 

Siderophore production was detected by Arnow’s 

and Casky Assay. In 2008, Vedpathak and 

Chincholkar also produced siderophore from 

Bacillus subtilis isolated from a alkaline soil of 

sugarcane rhizosphere.  

The seed growth promotion was determined. For 

this, the isolated Rhizobium species and Rhizobium 

species+siderophore and water were used for the 

seed growth promotion of the mentioned three types 

of seeds. The seeds coated with Rhizobium 

species+siderophore were grown fully as compared 

to Rhizobium alone then to water (Control )These 

studies if applied to the crops definitely increase the 

crop yield.  

Rhizobium+siderophore=Maximum Growth (+++)  

Rhizobium=Medium Growth (++) 

Water=Minimum Growth (+)      

 

Table No.1: Effect of Rhizobium on germination of seeds 

 

 

Table No.2: Effect of Rhizobium and Siderophore on gram seed growth promotion  

 

S/No.                            Seed growth promotion by 

Water(Control) Rhizobium species Rhizobium species+siderophore 

1 0.1cm 0.5 cm 2.7cm 

2 0.2cm  0.48 cm 2.8 cm 

3 0.1 cm 0.3 cm 3.0 cm 

4 0 cm 0.2 cm 2.7 cm 
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