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This current study was conducted to isolate, identify and characterize Azospirillum species from rhizosphere soil and 
maize roots gathered from three sites of Ghotki district Sindh, Pakistan namely Yaro Lund (10% soil moisture), Darwesh 
Naich (28% soil moisture) and Dad Lighari (16% soil moisture). At the time of study Azospirillum lipoferum has been 
identified, isolated, and characterized by observation of biochemical, cultural and morphological features that were 
corroborated with the PCR. It was found that the Azospirillum isolates from roots and soil of Darwesh Naich (DNR and 
DNS) exhibited greater efficiency of survival (Log cfu10-7) than that of the Azospirillum isolates from both dry fields of both 
roots and soil of Yaro Lund  (YLR and YLS) and roots and soil of Dad Lighari (DLR and DLS) from the partially dry fields. 
The efficiency of survival of isolates from either roots or rhizospheric soil had no substantial difference. The influence of 
lower moisturizing level on the colony developing units is much more evident in the anthesis phase of plant growth 
compared to the pupation phase. 
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INTRODUCTION 

The soil micro-organisms have played a pivotal role in 
entire ecosystems serving as a dynamic key source for 
recycling nutrients, regulating organic material structure 
present in the soil, sequestering soil carbon, altering the 
texture and structure of soil and promoting nutrient 
efficiency achieved by plants so as to increase plant 
growth (Singh et al. 2011; Glick, 2012). They are bio-
constituents of the soil which constitute merely < 0.5 
percent (m/m) soil mass (Deshwal et al. 2013). Of these, 
the bacteria that are heterotrophic are more prominent 
constituents of the microbial communities. Robust 
populations of such bacteria provide an insight into the soil 
stability for better agronomy (Jolly et al. 2010). There is a 
key role of these heterotrophic bacteria in nutrient 
variations, which determine vegetation, and growth of 
plants. Soil without these heterotrophic bacteria would not 
have been productive and other biological materials e.g. 
leaves and straw would have been deposited within a 
small span of time (Kummerer, 2004). Of those 

heterotrophic bacteria, Azospirillum, being the foremost 
bacterium of all N-fixers, fixed N2 in numerous 
monocotyledonous plants like sorghum, maize, 
sugarcane, rice, forage grasses etc (Lin et al. 2012). An 
Azospirillum is a type of associative micro-organism that 
has ability of colonizing on the surface of the root of the 
plant, creating a symbiotic assemblage, then helping the 
plant to obtain N from atmosphere. Since the long genus 
Azospirillum is recognized as a growth-stimulating 
rhizobacterium of the plant  maize (Okon et al. 1994; Okon 
and Vanderleyden, 1997) and besides nitrification, 
Azospirillum possesses the capacity to increase plant 
propagules that enforce the impulsive stages of 
development in corn plant due to microorganism-seed 
contact (Cassan et al. 2009). The PGPB (Plants growth 
promoting bacteria) belongs to Azospirillum genus are 
widely disseminated in rhizosphere soils of both tropical 
and sub-tropical grasses (Bashan et al. 2004). 
Azospirillum genus species have been inoculated from 
roots and rhizosphere soil of numerous grasses and 

http://www.isisn.org/
mailto:bachal.korai@salu.edu.pk


Hidayatullah et al.                                                                             Isolating, Identifying and Characterizing Azospirillum Species 

 

    Bioscience Research, 2022 volume 19(1): 346-353                                                             347 

 

legumes of tropical and temperate zones (Dobereiner et 
al. 1997) to monitor the beneficial impacts of Azospirillum 
on enlarging of plants and production of crops in 
greenhouse and also in field have been reported (Okon et 
al. 1994). The Azospirillum induces changes 
physiologically and morphologically in roots and 
rhizosphere of host plant. The main changes, which were 
studied in Azospirillum inoculated roots, were an 
increased cell division in the root and an increase in the 
number of hairs on the root. Evidently, Azospirillum 
inoculation helps the plants to hold nutrition that is more 
prudent, uptake of N2 and other minerals like potassium, 
manganese, zinc and phosphorus for better quality 
developing and production. 
  
MATERIALS AND METHODS 

Collection of samples 
The present research was carried out to isolate and 
characterize the efficient strains of Azospirillum in maize 
grown at different soils moistures in district Ghotki. The 
selected strains were sampled from the cultivated maize 
at 3 to 4 leaf stage and anthesis stage. The 12 samples 
were taken in triplicate from 3 different locations namely 
Yaro Lund (10% soil moisture), Darwesh Naich (28% soil 
moisture) and Dad Lighari (16% soil moisture) as 
presented in Table 1. The sampling was done from 
rhizosphere soils and maize roots. 
 

Table 1: Collection of samples 

Sampling Location 
Phases of 
collection 

Azospirillum 

Rhizosphere 
Soil 

Roots 

Darwesh Naich 
Location (Irrigated), 
28% Soil moisture 

3 to 4 leaves 
phase 

DNS1 DNR1 

Anthesis 
phase 

DNS2 DNR2 

Dad Lighari Location 
(Semi-Arid), 

16% Soil moisture 

3 to 4 leaves 
phase 

DLS1 DLR1 

Anthesis 
phase 

DLS2 DLR2 

Yaro Lund Location 
(Arid), 

10% Soil moisture 

3 to 4 leaves 
phase 

YLS1 YLR1 

Anthesis 
phase 

YLS2 YLR2 

Note: M indicates crop maize; R, roots; S, rhizosphere soil; A(1,....,6) for isolates of 
Azospirillum. Specimens were gathered in sterilized polyethylene bags and kept at 
4ºC for later processing. 

 
Of these sites, the intact plant was plucked out 
accompanied by its rhizosphere soil and roots. Rooting 
system was separated from rhizosphere soils, washed 
with care to dislodge adhering soil fragments and then 
preserved at 4 °C conditions over night. 

Azospirillum species Isolation from rhizosphere soil 
A rhizosphere soil sample was taken together with the root 
samples. Ten-fold serial dilutions were then made by 
suspension of soil 1 g in sterilized water of 10 ml. To 
isolate Azospirillum strains, the 100 µl of 3 dilutions 
(1:1000; 1:100; 1:10) were utilized to inoculate vials 
comprising NFM (nitrogen-free media; table 2). The vials 
were then subjected to incubation for 48 hrs at 30 ºC. The 
vials in which Azospirillum growth was detected were 
utilized to inoculate Azospirillum on Luria Beratni (LB; 
table 2) plates to obtain purified colonies.  The individual 
colony that emerged onto such plates were transferred to 
Luria Beratni (LB) plates and then prepared agar slants for 
further examination. 
 
Table 2: The content of the media utilized in research 

Nitrogen free 
Medium (NFM) 

gL-1 Luria 
Beratni (LB) 

gL-1 

KH2PO4 0.4 NaCl 10 

MgSO4 0.2 Yeast extract 5 

K2HPO4 0.1 Tryptophan 10 

NaCl 0.1 pH 6.8 

Na2MoO4 0.002   

Agar 1.75   

FeCl3 0.01   

blue solution 
of Bromothymol 

(1/2% in KOH 0.2N) 
2mL   

CaCl2 0.02   

KOH (pH adjust) 7.0   

Sodium malate 5.0   

Azospirillum species Isolation from roots 
The intact roots were superficially sterilized in solutions of 
0.1% HgCl2 with agitation for one to two min, following by 
washing for five to six times with deionized H2O. The 1g of 
superficially sterilized plant roots were pulverized and 10-
fold serial dilution (10X) were made. Strains of 
Azospirillum were sequestered as previously defined 
(Ilyas et al. 2012). 

Method of viable cell count 
For determination of growth of bacteria, viable cell count 
was performed. The 10-fold serial dilutions of the strains 
isolated were made in deionized H2O. About 100 µl of 
each dilution were spread on agar plates with the 
respective culture medium. These cultures were then 
allowed to incubate for 24 hrs at 30º C and the number of 
colonies that grew onto the plates were enumerated to 
ascertain the exact number of viable cells. 
Viable cell count (CFU/g) = (Number of colonies × Dilution 
factor/Volume of inoculum) 

Identifying and characterising bacterial isolates 
Total bacterial isolates were screened for biochemical, 
morphological and cultural characters, after which 
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confirmatory identifications of isolates of bacteria were 
performed by molecular identification utilizing 16S rRNA 
homology via PCR (polymerase chain reaction). 

Biochemical, colonial and morphological 
characterizations 
The bacterial cell culture grown overnight in Lauria Beratni 
(Miller, 1972) sputtered twenty microliter broth on plates of 
Luria bertani, for examining Azospirillum colony 
morphology. The colony morphology recorded after twenty 
four hours. For bacterial further identification and 
characterization, the strains of bacteria were firstly 
examined for culture characteristics like shapes, 
pigmentations and colony arrangements. Then the 
morphological characters of the isolate were tested by 
spore staining, gram staining, motility test, capsule 
staining, and shapes and arrangements of cells under 
microscopic field; the strain was biochemically identified 
via Miniaturized Identification System-QTS 24, Catalase 
Test and Oxidase Test (Ilyas et al. 2012). 

Culture Preservation 
The strains of bacteria have been identified based on 
biochemical, morphological (microscopically) and cultural 
(isolates pattern of growth) characters. After 
identifications, chosen isolates displaying OD readings 
maximum were spread onto agar slants permitted for 
growth all night and kept at 4 ºC for short term 
preservation and for long term preservation settled in 
glycerol (v/v)16 %. For enzyme detection, genotypic study 
(PCR) and biodegradation, the cultures were kept at 
freezing temperature. 

Polymerase chain reaction (PCR) and identification of 
isolates of bacteria through 16S rRNA sequence 
analysis 
Azospirillum isolates genomic DNA was utilized to amplify 
using the Weisburg method (1991).  

Sequencing and amplification of the 16S rRNA gene 
Molecular identifications of chosen isolates of bacteria 
were performed commercially by partially 16S rRNA 
genes sequencing at Genomic Division, Macrogen Inc., 
Seoul, Korea. Molecular characterizations of bacterial 
isolate were conducted via PCR ('polymerase chain 
reaction') for gene 16SrRNA with particular primers, e.g., 
reverse primer:  [rd1 5’ AAGGAGGTGATCCAGCC3’] and 
forward primer: [fd1 5’AGAGTTTGATCCTGGCTCAG3’]. 
ABI PRISM BigDye Terminator Cycle Sequencing Ready 
Reaction Kit (PE Bio-system, U.S.A.). The sequencing 
reaction was performed via an ABI PRISM 3730×l 
automated DNA sequencer (Applied Bio-system, U.S.A.) 
during the electrophoresis processing. 

The analysis of phylogenetic correlation 
In this study, the resulting sequence of the 16S rRNA 
gene was subjected to analysis and alignments with the 

BLAST ('Basic Local Alignment Search Tool') of the NCBI 
('National Center for Biotechnology Information') similarity 
index search tool. Whole strains isolated were verified 
using the NJ ("Neighbor-Joining") methods (Saitou and 
Nei, 1987) for evolutionary history purposes. Then, 
evolutionary distances were calculated using the 
procedure MCL (Maximum Composite Likelihood) 
(Tamura et al. 2004), the software MEGA (Molecular 
Evolutionary Genetics Analysis) (6.0 version) was 
employed for analyzing the phylogenetic relationship 
(Tamura et al. 2013). On completion of the phylogenetic 
study, the nucleotide sequences of all strains isolated 
were sent to NCBI Gen Bank, U.S.A to obtain accession 
numbers for the strains isolated. 
 
RESULTS  

The strains of Azospirillum were isolated from 12 
specimens (six root and six rhizosphere soil specimens in 
triplicate) of maize plants. The mean positive sampling 
rate and percent prevalence are provided in Figure. 1 and 
Figure. 2, respectively.  

Azospirillum prevalence was found to be higher 
(approximately 67 percent) in specimen of one root (e.g. 
DNR2) and 3 samples of soils, e.g. YLS1, DLS2 and 
DNS1 while this was relatively lower (56 percent) in YLS2, 
DLS1, DNS2, YLR2, YLR1, DNR1, DLR2, and DLR1 
samples. 

 

 
Figure 1:  Average numbers of Azospirillum isolates in 
the field derived from the roots and rhizosphere soil 
of maize plants. Sites 1, 2 & 3 entitles Darwesh Naich, 
Dad Lighari and Yaro Lund respectively and (S) and 
(R) indicate specimens from rhizosphere soil and 
roots respectively.   
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Figure 2: Percent prevalence of Azospirillum field 
isolates derived from the roots as well as rhizosphere 
soil of maize plants. 

Azospirillum isolates isolation and identification  

Azospirillum isolates Prevalence 
The soil and root specimens from the maize fields 

have been subjected to inoculation and cultured in 
nitrogen-free media. The growth was quantified through 
cfu/g, as indicated in Figure. 3. Darwesh Naich irrigated 
location was found to exhibit maximum number of colonies 
(cfu/g) of isolates of Azospirillum, e.g. 107, as compared to 
rhizosphere and roots of maize belonged to arid (104cfu/g) 
and semi-arid (106 cfu/g) locations. 

 
 
Figure 3: Prevalence (cfu/g) of Azospirillum isolates in 
the field derived from the roots and rhizosphere soil 
of maize plants. Sites 1, 2 & 3 entitles Darwesh Naich, 
Dad Lighari and Yaro Lund respectively and (S) and 
(R) indicate specimens from rhizosphere soil and 
roots respectively. 

Cultural characteristics of bacterial isolates 
Specimens that showed growth positive on nitrogen-

free media were chosen to isolate purified isolates of 

bacteria. Consequently, 12 different types of isolates of 
bacterial were isolated on the basis of their characters 
such as size, pigmentation, hight, and colonial 
appearance pure cultures of Luria Britani media were got. 
The colonial characteristics of all the specimens i.e. 
height, size and colonial speciation were observed to be 
similar. The isolates were then stored on agar slants, left 
for growth over night and then stored at 4ºC for a short 
period of time as displayed in Table 3. 

Morphologically characterization of isolates of 
bacteria 

Whole isolates DNS, DNR, YLS, YLR, DLS and DLR 
were primary identified microscopically and biochemically 
for pure culture. Microscopical analysis of morphologic 
characters was based on spore staining, capsule staining 
and gram staining. Gram staining of every specimen was 
found negative. In addition, all specimens were seen to 
have capsules, dispersed spores, and motile spores. All 
isolates of bacteria exhibited same morphological 
characters as indicated in Table 4 and they were 
consensually regarded as Azospirillum species. They 
were subjected to additional characterization via microbial 
identification kit (QTS-24) to elucidate their properties 
biochemically. 

Biochemically characterization of Azospirillum 
Test results of the microbial identification kit (QTS-24) 

were compared with the Bergey's Manual of Determinate 
Bacteriology that acknowledged the bacterial isolates as 
Azospirillum lipoferum. The kits for microbial identification 
differentiated isolates of Azospirillum based on their 
distinct pattern of utilization of carbon/nitrogen sources as 
well as variations in the existence of particular enzymatic 
activities. The isolates of Azospirillum derived from Dad 
Lighari (semi-arid) and Darwesh Naich (irrigated) locations 
displayed greater uptake of C and N sources in 
comparison with those from plants cultivated in Yaro Lund 
location (lower moisturing soil). 

Based on the prototype of N/C utilization, all isolates 
of Azospirillum were divided into groups of three. Results 
demonstrated the microbial potential to use different 
sources of carbohydrates and nitrogenous compounds. 
The lower carbohydrate utilization was in group III, which 
probably indicated reduced metabolic activity and 
physiological/morphological changes under dry conditions 
as displayed in Table 5. Group I and Group II have been 
identified to have the same characteristics biochemically, 
e.g. they tested +ve for hydrolysis of gelatin, acid from 
raffinose, Tryptophane deaminase, and acid from 
melibiose whereas the other tests were the same in all the 
groups (I, II & III). Based on biochemical and 
morphological characters, the isolates from all groups 
were tentatively identified as Azospirillum lipoferum. 
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Azospirillum molecular identification with 16S rRNA 
sequencing 
The gel electrophoresis images and the Phylogenetic tree 
of improved product of 16S rRNA gene (about 1500 b.p.) 
chosen isolates of bacteria. A search of the similarity 
index of the chosen better sequences of gene was 
conducted with BLAST against NCBI Gen Bank database 
for establishing similarity indexes and sequencing alliance. 

From the results, isolate HTK1 had similarity 98% to the 
sequence 16S rRNA of isolates Azospirillum and found in 
close relationship with strain of Azospirillum lipoferum 
1691 DSM (Gen.Bank accession: NR_117481.1). 
Molecular identification results confirm that the strain 
HTK1 isolated in the Darwesh Naich field sample is 
Azospirillum lipoferum 

 
 
Table 3: Cultural characters (microscopically assessed) of isolates of Azospirillum extracted from maize plant 
root and rhizospheric soils. 

Sample 
sites 

Sampling 
Codes 

Pigmentations Elevations Sizes 
Colonies 

appearances 
Textures 

Site 1 (R) 
DNR1 Creamy Flat Medium Shiny Smooth 

DNR2 Creamy Flat Medium Shiny Smooth 

Site 2 (R) 
DLR1 Creamy Flat Medium Shiny Smooth 

DLR2 Creamy Flat Medium Shiny Smooth 

Site 3 (R) 
YLR1 Creamy Flat Medium Shiny Smooth 

YLR2 Creamy Flat Medium Shiny Smooth 

Site 1 (S) 
DNS1 Creamy Flat Medium Shiny Smooth 

DNS2 Creamy Flat Medium Shiny Smooth 

Site 2 (S) 
DLS1 Creamy Flat Medium Shiny Smooth 

DLS2 Creamy Flat Medium Shiny Smooth 

Site 3 (S) 
YLS1 Creamy Flat Medium Shiny Smooth 

YLS2 Creamy Flat Medium Shiny Smooth 
   Notes: Sites 1, 2 & 3 entitles Darwesh Naich, Dad Laghari and Yaro Lund respectively and (S) and (R) indicate specimens from rhizosphere soil and roots respectively 

 
Table 4: Morphologic characters (microscopy analysed) of isolates of Azospirillum obtained from root and 
rhizosphere soils of maize plant 

Sample Sites Sampling Codes G.S C.S S.S Motility Shapes Arrangements 

Site 1 (R) 
DNR1 - + + + Bacilli Spread 

DNR2 - + + + Bacilli Spread 

Site 2 (R) 
DLR1 - + + + Bacilli Spread 

DLR2 - + + + Bacilli Spread 

Site 3 (R) 
YLR1 - + + + Bacilli Spread 

YLR2 - + + + Bacilli Spread 

Site 1 (S) 
DNS1 - + + + Bacilli Spread 

DNS2 - + + + Bacilli Spread 

Site 2 (S) 
DLS1 - + + + Bacilli Spread 

DLS2 - + + + Bacilli Spread 

Site 3 (S) 
YLS1 - + + + Bacilli Spread 

YLS2 - + + + Bacilli Spread 
Notes: Sites 1, 2 & 3 entitles Darwesh Naich, Dad Lighari and Yaro Lund respectively and (S) and (R) indicate specimens from rhizosphere soil and roots respectively.  
S.S, spore staining; C.S, Capsule staining and G.S, Gram's staining 
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Table 5: Biochemically characterization (via QTS kit) of isolates of Azospirillum derived from maize plants roots 
and rhizosphere soil 

 
 

 
DISCUSSION 

The species of Azospirillum having genetic potential 
could be utilized as inoculum to aid in the growth of plants 
naturally. This research was carried out with the objective 
of isolation, identification and characterization of effective 
Azospirillum strains from maize plants cropped in naturally 
irrigated field Darwesh Naich (soil moistures 28%), arid 
field Yaro Lund (soil moistures 10% ) and semi-arid field 
Dad Lighari (soil moistures 16%). 

The conditions of irrigated soil presented greater 
incidence of bacteria as recorded via colony counts of 
isolates Azospirillum. The higher Azospirillum isolates 
prevalence of specimens from rhizosphere soils and roots 
of Darwesh Naich location (soil moistures 28 %) may be 
due to the optimum moisture conditions needed by the 

isolates of bacteria to survive better. Zahran (1999) stated 
that soil moisture deficiency leads to a decrease in the 
amount and size of the bacterial population. The existence 
of rhizobial populations in desert soils has been also 
previously described (Jenkins et al. 1989), but population 
densities may be at a minimum under the most arid 
conditions and these increases with increasing content of 
moisture in the least stressful conditions. The population 
of Azospirillum has been found to be higher in roots 
(DNR1 & DNR2), but it is also higher in soil (DNS1) due to 
the rhizosphere, which could be due to root exudates 
containing mainly organic acids, sugars and amino acids 
contributing as the main sources of primary minerals for 
micro-organisms inhabiting soil rhizosphere (Tripathi et al. 
2013). 

The effect of soil moisture on bacterial counts was 
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noticeably greater in the anthesis phase than in the 
flowering phase of plants, this may partially be due to the 
exudation capacity of roots of host plants influenced by 
the growth phase of host plants. There were also 
significant differences in the number of colonies of isolated 
strains from roots and rhizosphere soils at the same site 
that could be due to the additive competing capability of 
the strain with a broad range of microbial species that 
exist in the soil versus the roots that could be inhibiting or 
promoting their growth. The difference in soil moisture 
content during different stages of plant growth may be due 
to the difference in the yield and composition of root 
exudates, which influence the bacterial activity in soil 
rhizosphere. It is so since microbial relationships depend 
on the structure of roots and the stage of plant 
development (Ilyas and Bano, 2010). 

Maize was considered as best species of plants for 
occurrence of strains of Azospirillum and other micro-
organisms owing to the large amount of radicular 
exudates, e.g. plants characters having a photosynthesis 
cycle types C-4 (El-Komy 1992). Such bacteria have 
ability of colonizing the root surface and inter-cellular 
spaces when found appropriate conditions for symbiosis 
then they exhibit advantageous effects on the growth of 
plants (Qaisrani et al. 2014). 

Since the stages of development of a nurtured plant 
defines the quantity of bacterial existence in a crop as a 
whole due to higher rate of growth and metabolisms of 
bacteria is utmost likely associated with growth of roots 
systems, photosynthetic activities and amount of exudates 
linked and generated in plants. The colonization of 
microbes reduced due to lower moisture of soil in 
comparison with irrigated (moistened) environments in the 
procreant (Reichwald 2006). The isolates of Azospirillum 
obtained from location of Darwesh Naich irrigated (well-
watered) exhibited well utilization of N and C sources 
compared to isolates from maize plants nurtured in lower 
moisturizing soil (arid &semi-arid area) of Yaro Lund and 
Dad Lighari. 

CONCLUSION 
It was concluded from the current research work that the 
Azospirillum isolates from roots and soil of Darwesh Naich 
(DNR and DNS) exhibited greater efficiency of survival 
(Log cfu10-7) than that of the Azospirillum isolates from dry 
fields of both roots and soil of Yaro Lund (YLR and YLS) 
and roots and soil of Dad Lighari (DLR and DLS) from the 
partially dry fields. Azospirillum lipoferum has been 
identified, isolated, and characterized by observation of 
biochemical, cultural and morphological features that were 
corroborated with the PCR.  
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