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Abstract
Actinobacteria are mainly involved in decomposition of organic materials, promotion of plant growth, 
nutrient mineralization and antagonism against plant pathogens. In the present study forty one 
Actinobacterial isolates obtained from the different agro ecological (arid, semi arid and humid) regions 
of India were characterized. Thirty-five out of the 41 isolates produced indole acetic acid (IAA) and 
16 isolates produced gibberellic acid (GA) in vitro; Thirty isolates were able to solubilize tri-calcium 
phosphate (TCP) and 15 were able to solubilize potassium from muscovite mica. Thirty-two isolates 
showed alkaline phosphatase activity. Glass house screening identified 9 isolates that were highly 
effective in promoting plant dry weight (>35%) when inoculated on maize and on chickpea (>30%). 
The principal component analysis showed that isolate A6 was found to be effective in increasing the 
plant growth parameters both in 30 and 45 DAS, followed by A1 in Maize and A10 was effective at 30 
DAS and A17 in 60 DAS on Chick pea. Molecular confirmation using 16S rRNA gene sequence of the 
strain showed that A1 had 98% similarity with S. enissocaesilis (NCBI Accession no.: MF070481) A6 
had only 84% similarity with S. djakartensis which may be a novel organism in terms of activity and 
A10 had 98% similarity with S. mutabilis (Accession no.: MF070483). A16 had 97% similarity with S. 
enissocaesilis (Accession no.: MH591469) and A25 had 97% similarity with S. rochei, (Accession no.: 
MH633722) A28 had 98% similarity with S. rochei (Accession no.: MH633727) and A36 had 97% similarity 
with Acinetobacter johnsonii (Accession no.: MH636837). The identified strains from our study have a 
good potential for use as bioinoculants for dryland crops to obtain enhanced crop growth and yield.
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INTRODUCTION

 Soil microorganisms have greater role 
in low-input agriculture which results in the 
enhancement of plant nutrition and health, and 
improvement of overall soil quality. Amongst 
prokaryotes, the Actinobacteria are the second 
dominant group of microbes in soil and have 
made a revolution in industrial microbiology, but 
they have not been exploited much in agriculture. 
Actinobacteria like Streptomyces are dominant 
colonizers in the crop rhizosphere involved in 
organic matter decomposition and can tolerate 
adverse growth conditions due to the production 
spores.1 Actinobacteria promote plant growth 
by producing plant growth-promoting hormones 
such as auxins or gibberellin.2,3 Contribution 
of Actinobacteria to the production of plant 
growth promoting harmones has been well 
established.4,5 Solubilization of phosphorus 
biologically, helps in improving the efficiency 
of P utilization by plants. Most of the available 
phosphorus in soil get bound with calcium 
under alkaline condition and with aluminium or 
iron under acidic conditions and get deposited 
in soil in fixed form and become unavailable 
to plants. The solubilization of phosphorus by 
Actinobacteria has been well documented.5,6 They 
also possess several properties such as production 
of antibiotics, synthesis of particular extracellular 
enzymes, hydrogen cyanide production and 
siderophore production which help in acting 
as biocontrol agent in combating several plant 
diseases.7-9 Actinobacteria can be exploited as 
potential tools for agriculture and as beneficial 
inoculants for the future agriculture.10 Plant 
growth promotion potential of Streptomyces 
was reported in bean,11 tomato,12 pea,7 wheat,13 
rice,14 Chickpea3 and Soybean.2 They also promote 
mycorrhizal colonization rate at different stages of 
actinomycete-fungus-plant interactions, including 
spore germination.15

 Dryland agriculture constitutes a very 
large part of agriculture in India. More than 90% of 
coarse cereals, 80% of groundnut and 85% of pulses 
come from dryland cultivation. Low productivity in 
dryland is due to unpredictable climatic changes 
and also the application of low dosage of chemical 
fertilizers. Plant growth promoting Actinobacteria, 

could be a valuable resource to the poor farmers 
to meet the nutrients requirement of the plants. 
Actinobacterial benefits can be maximized by 
applying as inoculants in dry to semi-dry soils. In 
the present study isolated forty one Actinobacteria 
from the rhizosphere soils of different crops 
growing on red and black soils of different agro 
ecological (arid, semi arid and humid) regions of 
Karnataka, Andhra Pradesh; Rajasthan and from 
pristine forest soils of Karnataka were identified by 
conventional and molecular methods, tested for 
plant growth promotional traits and plant bioassay 
under in vitro conditions on Maize and Chickpea. 

MATERIALS AND METHODS

Isolation and identification
 Rhizosphere soil samples were collected 
from Sorghum (Sorghum bicolor), Pearl millet 
(Pennisetum glaucum), Pigeon pea (Cajanus 
cajan), Finger millet (Eleusine coracana) and 
Groundnut (Arachis hypogaea) grown in different 
agro ecological regions (arid, semi arid and humid) 
of Karnataka - Belgaum, Hubli, Bijapur and Tumkur 
districts; Andhra Pradesh - Anantapur district 
and in Rajasthan - Jaisalmer and 2 soil samples 
from pristine forest Karnataka (Kegdal, Vibuthi). 
Five different media were used for isolation of 
Actinobacteria viz., actinomycetes isolation agar, 
starch casein agar, arginine glycerol salts medium, 
humic acid vitamin agar and Kuster’s agar. Isolates 
were characterized by Holt et al.16

Growth promoting characteristics 
 Forty-one isolates were characterized for 
plant growth promotional traits like Indole acetic 
acid (IAA); and Gibberellic acid (GA) production17,18; 
qualitative Phosphate solubilisation19 and 
spectrophotometric P solubilization quanti cation 
after 10 days of growth (28 ± 2 °C, 125 rpm); 
Potassium solubilization using Aleksandrov agar20 
and quantification by flame photometric method 
after 10 days (28 ± 2 °C, 125 rpm); Production of 
enzyme Alkaline phosphatase.21

Plant bioassay
 The isolates were screened under glass 
house conditions to test their ability to promote 
plant growth. The experiment had 41 treatments 
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(Actinobacterial isolates) with 5 replications and 
followed a Completely Randomized Design. 300 g 
of black cotton soil (Vertic Ustochrept) was filled 
in 330 ml paper cups. Farm yard manure (FYM) 
was air dried for 3-4 days and passed through 
0.2 mm sieve and sterilized intermittently for 
three times by steam sterilization (121 °C for 20 
min) on successive days and then two times dry 
heat sterilization (160 °C for 3 h each time). The 
Forty milliliter of the each Actinobacterial isolates 
grown in starch casein broth was mixed to 100 gm 
FYM separately and sealed. The Carboxy methyl 
cellulose (CMC) suspension (one gram of each 
FYM based inoculant + 10 ml of 1% CMC) was 
prepared. Maize Seeds (var. JM-216) was sterilized 
by treating with 5 minutes in 95% ethanol and 
sodium hypochlorite (NaClO3) and washed four to 
five times in sterile distilled water. The  required 
seeds along with CMC culture suspension was 
then left overnight. Next day the seeds were air 
dried in a laminar air flow work station. Seeds 
coated inoculants were sown in each cup, the 
plants were thinned after germination and three 
plants maintained in each cup. Urea solution was 
prepared and applied at the rate of 40 µg N g-1 

soil. The boiled (30 min) and cooled tap water 
used for watering the plants. The plant growth 
observations like height of the plant, leaves 
number were taken both at 30 and 45 DAS (days 
after sowing) and recorded dry mass was at 45 
days. For Chickpea (JG-16) we followed the same 
treatment methodology which used for Maize 
seed treatment. The plant growth observations 
viz., plant height at 30 and 60 days, nodule 
parameters and recorded plant dry weight at 60 
DAS (days after sowing).

Molecular characterization
 Potential Actinobacterial Genomic DNA 
extracted by the standard C-TAB method. The near 
full length 16S rRNA gene sequence of the isolates 
were custom sequenced on ABI 3730 × 1 Genetic 
Analyzer at Xcelris Labs Ltd., (Ahmedabad, Gujarat, 
India). The sequences were deposited in the NCBI 
Genbank database. The strains nearest identifiers 
were obtained in GenBank (http://www.ncbi.nlm.
nih.gov/).
 Accession numbers of the Actinobacterial 
isolates

No. Isolates Accession numbers

1 A1 MF070481
2 A10 MF070483
3 A16 MH591469
4 A25 MH633722
5 A28 MH633727
6 A36 MH636837

RESULTS 

 Soil samples were collected from the 
rhizosphere of Sorghum, Pearl millet, Pigeon pea, 
Finger millet, Groundnut (grown at Belgaum, Hubli, 
Bijapur, Tumkur districts of Karnataka; Anantapur 
district in Andhra Pradesh and Jaisalmer district of 
Rajasthan) from arid and semi arid regions. Two 
soil samples were collected from pristine forest 
(humid region) in Karnataka (Kegdal, Vibuthi) and 
a desert soil from Sam, Rajasthan were analysed 
for physico chemical properties (data not shown). 
Based on colony morphology and microscopic 
observations 41 isolates were short listed for 
further studies.
 The soils studied harbored mainly 
four different genera of Actinobacteria22,23 pre-
dominantly Streptomyces and Nocardia followed 
by Micromonospora and Saccharopolyspora. Arid 
soils had all four genera; semi arid soils consisted 
only Streptomyces and Nocardia whereas humid 
soils consisted mainly Streptomyces, Nocardia 
and Saccharopolyspora. Forty-one different 
morphotypes of Actinobacteria (18 isolates 
from arid soils, 16 from semi arid and 7 from 
humid regions) were shortlisted for plant growth 
promotion studies. The isolates were maintained 
on starch casein agar-slants and stored at 4 °C in 
the culture bank of All India Network Project on 
Soil Biodiversity-Biofertilizers at IISS, Bhopal. 

Growth promoting characteristics
 Actinobacterial isolates (41) of all the 
regions were equally effective in IAA production. 
The highest IAA production was observed in A6 
(5.74 µg ml-1) and A10 (5.62 µg ml-1) of arid zone 
isolates (Table 1). These isolates were obtained 
from pearl millet crop rhizosphere grown on arid 
soil. The mean production of IAA was 2.6, 2.9 and 
2.4 µg ml-1 in arid, semi-arid and humid region 
isolates (Figure 1a). 
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 Significant difference in production 
of GA was observed among the Actinbacterial 
isolates. Among the 41 isolates tested for GA 
production 16 isolates produced GA which ranged 
from 21.00-41.35 µg ml-1 of culture filtrate. The 
results are presented in Table 1, 2 and 3. The 
maximum GA production of 41.35 µg ml-1 of 
culture filtrate was observed in Actinobacterial 
isolate A17 (Streptomyces) followed by isolate A6 
(Streptomyces), which recorded 35.32 mg ml-1. 
These two isolates were from pearlmillet crop 
rhizosphere (arid soil).
 Semi-arid region isolates were more 
effective in GA production than the isolates from 
the arid and humid region, the mean production 
of GA from the isolates of the arid, semi-arid 
and humid region was 9.8, 13.4, and 8.4 µg ml-1  
(Figure 1a). 

 All the 41 isolates were examined for 
their ability to solubilize tricalcium phosphate 
(TCP) on Pikovskaya’s medium. All the isolates 
were able to show clear zone of solubilization. 
The solubilization zones ranged from 5.25 mm 
to 16 mm after four days of incubation.22 Among 
the 41 isolates, 30 isolates showed more than 
10 mm solubilization zone and were considered 
promising and selected for quantification. The pH 
of the Pikovskaya’s broth was dropped to 4.1 from 
an initial pH of 6.2. There was good correlation 
between the extent of the pH drop of the culture 
medium and the amount of P solubilization  
(R2 = 0.96). The highest % Pi solubilized was 
recorded in isolate A17 (Streptomyces) (6.76%) 
followed by A6 (Streptomyces) (6.52%). These 
two isolates were obtained from pearl millet 
rhizosphere in arid soil. Isolates from the arid 

Figure 1. (a) IAA and GA production (b) Phosphate solubilization (c) Alkaline phosphatase (d) Potassium solubilization 
by Actinobacterial isolates of different agro ecological regions of India
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Table 1. Production of plant growth promoting hormones, P and K solubilization, Alkaline phosphatase by the arid  
region isolates of Actinobacteria under in vitro conditions

No.  Isolates IAA GA  % Pi   K solubilization Alkaline
  (µg ml-1) (µg ml-1) released   (µg ml-1)  Phosphatase
    at 10 days at 10 days (µg p-nitrophenol
      /ml/h)

1 A3-Streptomyces NP 23.35 3.38 4.30 55.00
2 A5-Streptomyces 4.43 22.18 1.89 4.10 46.00
3 A6-Streptomyces 5.74 35.32 6.52 6.30 141.60
4 A7-Streptomyces 4.17 31.45 1.52 4.00 61.50
5 A10-Streptomyces 5.62 32.99 6.02 5.90 106.90
6 A11-Streptomyces 3.90 24.08 4.93 4.00 78.60
7 A14-Streptomyces 2.82 NP 5.89 NP 64.50
8 A17-Streptomyces 5.42 41.35 6.76 6.30 160.90
9 A20-Micromonospora 2.02 NP 2.61 NP 68.20
10 A29-Nocardia 2.79 NP NP  NP 56.20
11 A31-Nocardia 4.33 NP 2.86 NP NP
12 A32-Streptomyces NP NP 2.93 NP 49.10
13 A37-Nocardia 2.69 NP 3.35 NP NP
14 A38-Streptomyces 2.99 NP 4.16 NP 57.60
15 A40-Streptomyces 2.53 NP 5.58 NP NP
16 A41-Saccharopolyspora 2.25 NP 3.01 NP NP
17 A42-Streptomyces NP NP 2.00 3.80 NP
18 A43-Nocardia 2.13 NP 4.19 NP NP
 S.Em ± 0.12 0.25 0.08 0.06 0.20
 CD@1% 0.34 0.72 0.27 0.10 0.58

NP: Not produced

region were more effective in P solubilisation than 
the isolates from semi-arid and humid regions. The 
mean of % P solubilization from TCP was 3.7%, 
2.8%, and 2.5%, respectively, in arid, semi-arid and 
humid region isolates (Figure 1b).
 All the isolates were tested for the 
production of alkaline phosphatase and the results 
are presented in Table 1, 2 and 3. Actinobaterial 
isolates differed significantly in production of 
alkaline phosphatase. Out of 41 isolates, 32 
isolates produced alkaline phosphatase (12 from 
arid 14 semi arid and 6 from humid regions) which 
ranged from 46.0 to 160.9 µg p-nitrophenol/ml 
culture filtrate/hour. The highest was recorded in 
Actinoacterial isolate A17 (Streptomyces) (160.0 
mg ml-1) which was isolated from pearl millet 
rhizosphere (arid). 
 The mean production of phosphatase was 
40.1, 65.2 and 68.5 µg p-nitrophenol/ml/hr in arid, 
semi-arid and humid region isolates (Figure 1c). 
 Potassium involves in many physiological 
processes and imparts resistance against pests 

and diseases to plants. In our study, among 41 
isolates tested 15 isolates were able to solubilize 
potassium on Alkesandrov medium containing 
muscovite mica as insoluble potassium source. 
Potassium soluilization ranged from 3.70 to 6.30 
µg K ml-1 of culture filtrate at 10 days. The results 
are presented in Table 1, 2 and 3. The highest 
potassium was released by Actinobacterial isolate 
A6 and A17 (Streptomyces) (6.30 mg ml-1) which 
was isolated from pearl millet rhizosphere in arid 
soil. The mean K solubilization production was 2.0, 
1.6, and 1.0 mg K ml-1 in arid, semi-arid and humid 
region isolates (Figure 1d). 

Plant bioassay
 Figures 2 and 3 represents the principal 
component analysis for data obtained from 
observations taken in maize and chickpea plants. 
The dataset for maize contains 9 individuals 
(isolates), 1 control and 2 variables (Plant height 
and number of leaves). Similarly, for chickpea 
the dataset contains 9 individuals (isolates), 1 



  www.microbiologyjournal.org1533Journal of Pure and Applied Microbiology

Radha et al | J Pure Appl Microbiol. 2025;19(2):1528-1540. https://doi.org/10.22207/JPAM.19.2.58 

Figure 2. Influence of highly effective actinobacterial isolates on growth of Maize (Var. JM-216) at two growth 
stages under greenhouse conditions

Figure 3. Influence of highly effective actinobacterial isolates on growth of Chickpea var (JG-16) at two growth 
stages under greenhouse conditions
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control and 2 variables (plant height and nodule 
number). Prior to analysis of PCA, another 
analysis was conducted to determine any outliers 
present, which in this present analysis detected 

no outliers. Since PC1 had higher inertia, it was 
used for analyzing the individuals that had higher 
effectiveness (96.5%) on maize plant compared to 
PC2 (3.5%). As illustrated in Figure 2, observations 

Table 2. Production of plant growth promoting hormones, P and K solubilization, alkaline phosphatase by the semi 
arid region isolates of Actinobacteria under in vitro conditions

No.  Isolates IAA GA  % Pi   K solubilization Alkaline
  (µg ml-1) (µg ml-1) released   (µg ml-1)  Phosphatase
    at 10 days at 10 days (µg p-nitrophenol
      /ml/h)

1 A2-Streptomyces  1.93 24.33 4.84 3.70 60.00
2 A4-Saccharopolyspora 2.54 NP NP NP NP
3 A9-Streptomyces NP 22.79 5.99 NP 67.90
4 A15-Streptomyces 2.95 NP 2.63 NP 66.80
5 A16-Streptomyces 3.72 NP 0.00 3.80 60.30
6 A18-Streptomyces NP NP 3.18 3.90 79.20
7 A19-Streptomyces 1.17 NP - NP 57.80
8 A22-Nocardia 3.66 NP - NP 70.80
9 A23-Nocardia 1.77 NP 3.72 NP 60.70
10 A25-Nocardia 4.09 26.11 1.16 4.00 60.70
11 A27-Streptomyces 4.28 24.45 0.15 NP 71.20
12 A28-Nocardia 3.17 21.00 4.18 NP 62.30
13 A30-Streptomyces 3.27 29.49 - NP 74.40
14 A34-Nocardia 2.34 NP - NP NP
15 A35-Nocardia 1.67 25.97 - 3.80 64.30
16 A36-Streptomyces 3.25 NP 3.19 NP 61.00
 S.Em ± 0.12 0.25 0.08 0.06 0.20
 CD@1% 0.34 0.72 0.27 0.10 0.58

NP: Not produced

Figure 4. Influence of highly effective strains of actinobacterial isolates on dry weight of Maize at 45 DAS
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from two growth stages, i.e. 30 DAS and 45 DAS 
were distributed across the PC1 axis. Isolate A6 
was found to be effective both in 30 and 45 DAS, 
followed by A1. The isolate A5 had lower efficiency 
as compared to other treatments. In Figure 3, the 
first two dimensions of PCA explains 100% of the 
total dataset inertia; which express that 100% of 
the individuals and variables cloud total variability 
is explained by the plane, wherein the inertia 
related to the first dimension (PC1) represents 
69.1% and the second dimension represents 
(30.9%) respectively. Based on PCA on chickpea 
data, the inference that could be drawn is that 
A10 was effective in 30 DAS and A17 in 60 DAS. 
 Differences in plant growth promotion 
and dry weight by Actinobacterial isolates was 
observed in our experiment. 41 Actinobacterial 
isolates were screened in polyacrylic paper cups 
on Maize and Chickpea. We have categorized the 

isolates based on per cent increase in dry matter 
production of Maize. Out of 41 isolates, 9 isolates 
were found highly effective (>35% plant DW 
increase), 12 isolates were moderately effective 
(25%-35% plant DW increase), 7 isolates were 
effective (15%-25% plant DW increase) and 13 
strains were ineffective (<15%) in increasing the 
inoculated plants dry weight (Table 4, Figure 4). 
Similarly in Chickpea, 9 were found highly effective 
(>30% increase in plant DW), 17 isolates were 
moderately effective (20%-30%) 12 isolates were 
effective (10%-20%) and 3 isolates were ineffective 
(<10%) in increasing the DW of the plant and the 
results are presented in Table 5 and Figure 5. 

Molecular characterization and phylogenetic 
analysis of the efficient Actinobacterial isolates
 Based on colony morphology efficient 
Actinobacterial isolates of Maize, viz. A1, A6, 

Table 3. Production of plant growth promoting hormones, P and K solubilization, alkaline phosphatase production 
by the humid region isolates of Actinobacteria under in vitro conditions

No.  Isolates IAA GA  % Pi   K solubilization Alkaline
  (µg ml-1) (µg ml-1) released   (µg ml-1)  Phosphatase
    at 10 days at 10 days (µg p-nitrophenol
      /ml/h)

1 A1-Streptomyces 5.02 34.77 6.00 6.10 83.60
2 A12-Streptomyces 1.80 NP - NP 60.40
3 A13-Streptomyces 1.88 NP - NP 62.60
4 A24-Nocardia NP NP 0.15 4.00 54.20
5 A33-Nocardia 1.72 NP - NP 58.50
6 A44-Streptomyces 3.04 NP 3.35 NP NP
7 A45-Streptomyces 3.43 28.63 4.26 NP 62.30
 S.Em ± 0.12 0.25 0.08 0.06 0.20
 CD@1% 0.34 0.72 0.27 0.10 0.58

NP: Not produced

Table 4. Categorization of actinobacterial isolates based on increase in dry weight of inoculated maize (Var. JM-
216) plants.

Effectiveness* No. of isolates No. of isolates No. of isolates
 from arid region from semi-arid region from humid region

HE 3 (A5, A7, A6) 5 (A2, A15, A16, A25, A30) 1 (A1)
ME 8 (A10, A11, A14, A17,  3 (A22, A27, A35) 1 (A4)
 A29, A32, A43, A3)
E 3 (A37, A40, A20) 3 (A23, A28, A36) 1 (A44)
IE 4 (A31, A41, A38, A42) 5 (A9, A19, A13, A34, A18) 4 (A12, A24, A45, A33)

* Based on increase in dry weight, Highly effective (HE) = >35%, Moderately effective (ME) = 25%-35%, Effective (E) = 15%-25%, 
Ineffective (IE) = <15%
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A16, A25 and Chickpea A10, A28 and A36 
were confirmed as Streptomyces. Molecular 
confirmation showed that A1 had 98% similarity 
with S. enissocaesilis (Accession no.: MF070481) A6 
had only 84% similarity with S. djakartensis which 
may be a novel organism in terms of activity and 
A10 had 98% similarity with S. mutabilis (Accession 
no.: MF070483). A16 had 97% similarity with S. 
enissocaesilis (Accession no.: MH591469) and 
A25 had 97% similarity with S. rochei, (Accession 
no.: MH633722) A28 had also 98% similarity with 
S. rochei (Accession no.: MH633727) and A36 
had 97% similarity with Acinetobacter johnsonii 
(Accession no.: MH636837).
 The phylogenetic tree of the isolates 
(Figure 6) was constructed based on UPGMA 
algorithm using MEGA 6.06 with a bootstrap value 

(n = 1000). No direct common ancestor were 
observed among the studied six Streptomyces 
sp., even the strains from the same species 
of Streptomyces rochei Rad 25 do not share the 
immediate ancestor as Streptomyces rochei Rad 
28 strain and the strain have a separate new 
clade. Common node (bootstrap value of 84%) 
was observed in S. mutabilis strain Rad 4, S. 
enissocaesilis strain TKR2 S. enissocaesilis strain 
Rad 16  and Acinetobacter johnsonii strain Rad 36.

DISCUSSION

 The microbial activity in crop rhizosphere 
is greatly influenced by root activities such as 
exudation of organic substrates like amino acids, 
sugars/carbohydrates, enzymes and vitamins. 

Table 5. Categorization of Actinobacterial isolates based on increase in dry weight of inoculated Chickpea (JG- 16) 
plants     

Effectiveness* No. of isolates No. of isolates from No. of isolates 
 from arid region  semi-arid region from humid region

HE 4 (A10, A11, A17, A40) 5 (A28, A27, A2, A35, A36) 0
ME 7 (A5, A6, A29, A38,  7 (A30, A34, A9, A15,  3 (A4, A44, A1)
 A3, A43, A41) A16, A18, A19)
E 6 (A7, A14, A32,  2 (A23, A25) 4 (A24, A33, A45, A12)
 A42, A20, A31)
IE 1 (A37) 2 (A22, A13) 0

*Based on increase in dry weight Highly effective (HE): >30%, Moderately effective (ME): 20%-30%, Effective (E): 10%-20%, 
Ineffective (IE): <10%

Figure 5. Influence of highly effective strains of actinobacteria on dry weight of Chickpea at 45 DAS
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These substances as well as microbial interactions 
help in releasing crop nutrients and make it 
available to plant growth.24

 Actinobacteria exhibit various properties 
that are useful for promotion of plant growth and 
in improving soil health.14 These organisms can be 
exploited as potential tools for agriculture and as 
beneficial inoculants for the future agriculture.10 
In our study, Streptomyces were found to be 
the dominant genus among all the isolated 
Actinobacteria. Most of the Actinobacteria in 
soils belong to the genus Streptomyces.25 The 
Streptomyces dominance in soil was reported 
earlier by Alexander26 and Gesheva & Geshava27 
The phylogenetic analysis of 38 actinomycetes 
isolates as associated with the rhizosphere of 
cacao showed that they are genetically diverse 
and belong to the genus Streptomyces.28 The 

predominant genus of 108 Actinomycete isolates 
from arid areas of Egypt was found to be 
Streptomyces, followed by Nocardia.29

 Among the 41 isolates tested 35 isolates 
produced indole acetic acid (IAA) and sixteen 
isolates produced GA. Similar results also reported 
by Patten and Glick30 who reported that 80 percent 
of rhizosphere microorganisms can produce 
secondary metabolites containing auxins which 
helps to promote root elongation and plant growth. 
Other researchers reported the production of IAA, 
GA3, and zeatine by Actinobacteria.31 Similarly, 
highest amount of IAA 10.1 µg ml-1 and GA3 
12.0 µg ml-1 production was recorded from the 
Streptomyces canus isolated from mycorrhiza 
Glomus mosseae spores.32 Out of 41 isolates tested 
30 isolates were able to solublize phosphorus. It 
was observed that there was a drop in pH up to 

Figure 6. Phylogenetic analysis of Streptomyces spp. 
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4.1 from an initial pH of 6.2 in the medium. There 
was a good correlation between the extent of pH 
drop of the culture medium and P solubilization 
(R2 = 0.96). Organic acids production is the main 
mechanism of insoluble phosphate solubilization,33 

increase in the P solubilization with pH decline of 
the culture filtrate was also observed by Gupta 
et al.34 Out of 35 endophytic actinomycetes from 
wheat plants, 17 isolates solubilized phosphate 
from 5 to 42 mg/100 ml.35

 In this study, out of 41 isolates tested 
15 isolates solubilized potassium; these isolates 
also solubilized P along with K, since all K 
solubilizers are showing PO4 solubilizing activity 
the mechanism of K solubilization may also 
be attributed to the organic acids production. 
Actinomycete species are capable of mobilizing 
bound potassium from the agro wastes of cocoa 
and addition of actinomycetes to the mixture of 
sterile cocoa pods (crushed to small granules) 
enhanced K mobilization in onion crop.36 30 
potassium mobilizing bacterial isolates (mica as 
insoluble K source) from the soils of Belgaum and 
Dharwad districts of Karnataka mobilized K.37

 In our study, thirty-two isolates out of 
41 were able to produce alkaline phosphatase.  
Similar results were reported38 on the production 
of alkaline phosphatase by Actinobacterial isolates. 
The plant growth promoing traits viz., production 
of IAA, phophate solubilization and several enzyme 
activities by Actinobacteria of saline soils was 
reported by Djebaili et al.5

 Act inobacterial  isolates differed 
significantly in improving plant growth attributes. 
The isolates which are highly effective in improving 
the growth of maize were isolate A6 followed 
by isolate A1 obtained from the arid and humid 
region. These isolates were effective in improving 
plant growth parameters like height of the plant, 
number of leaves and dry weight of maize. Such 
increased plant growth due to actinobacterial 
inoculation was also earlier reported in rye grass 
by tomato. Franco & Valencia9 Franco-Correa38 
and Stamenov et al39 reported such enhancement 
of plant growth in wheat under water stress 
due to Streptomyces inoculation. Significant 
enhancement of plant growth parameters on 
Sorghum under glass house conditions was 
observed with the inoculation of Streptomyces 
strains.40

 In chickpea, the significant increase in 
plant growth parameters and nodulation were 
recorded with isolates A10 followed by A17 
(Streptomyces obtained from arid soils). This 
enhanced plant growth parameters may be due 
to the synthesis of IAA, GA and cytokinins by 
Streptomyces sp., These results support the view 
of Gopalakrishnan et al.41 who reported that 
actinomycetes produced auxins, gibberellins and 
cytokinins which help in plant growth promotion. 
Similar results were reported on increased 
nodule, and nodulation size due to inoculation 
of Streptomyces lyndicus WYEC 108 in pea plant 
and in chickpea.3 Thus, the results from our study 
indicated that all the ecological regions (arid, semi-
arid and humid) studied for the experiments are 
a rich reservoir for the plant growth promoting 
Actinobacteria isolation. 

CONCLUSION

 The findings of this study are of much 
significance to crop production in utilizing 
efficient Actinobacterial isolates like A6 and 
A1 (Streptomyces) for maize and A17 and A10 
(Streptomyces) in chickpea cultivation to obtain 
enhanced crop yield. The identified cultures are 
of much use in dry land agriculture and can be 
routinely used as biofertilizer for solubilzation of P 
and K with the advantage to crop in obtaining plant 
growth promoting hormonal action for enhancing 
crop growth and yield. The best actinobacterial 
isolates identified in this research have to be 
evaluated on other crops singly or in combination 
with other beneficial microbial inoculants like 
Azotobacter, Azospirillum, Rhizobium  and 
Mycorrhiza for obtaining increased crop yields. 
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