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Introduction

Plants that are widely colonized by various microorgan-
isms cause plant-microorganism interactions. Some of these 
interactions are beneficial for plants, while others are harm-
ful. Plants are used by microorganisms as a food source or a 
habitat. In such a symbiotic interaction, it has been reported 
that the roots of many plants are infected with Rhizobia and 
actinobacteria (especially Streptomycetes) (Vurukonda et al. 
2018).

There are bacteria in the rhizosphere of plants that accel-
erate their growth. In addition, these bacteria protect the 
plant from disease and abiotic stress on the root surface or 
depending on it (De Souza et al. 2015).

Rhizospheric bacteria and mycorrhizal fungi are among 
the microorganisms that show the highest efficiency in 
increasing plant growth and thus crop yield. Rhizospheric 
bacteria can increase the nutrient intake of the plants they 
colonize in the rhizosphere soil. Therefore, they can be con-
sidered efficient biofertilizers. Streptomyces spp., one of the 
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Abstract
In this study, agroactive and bioactive compound production by actinobacteria isolated from rhizospheres of different 
plants was screened. Six of the forty-two isolates showed the highest production of different compounds and were identi-
fied by using molecular methods. In the primary and secondary screening antimicrobial activities were determined by 
inhibition zones against six bacterial and three fungal pathogens. Streptomyces labedae CYP25 showed the highest anti-
bacterial activity in screening with extracts obtained from Actinomycetes Isolation Broth (AIB) against Staphylococcus 
aureus (18 mm); Streptomyces sp. CYP30 showed the highest antifungal activities in screening with ethyl acetate extracts 
obtained from Glucose Soybean Meal Broth against Candida albicans (60  mm) and Alternaria sp. D21 (52  mm) and 
showed the highest antifungal activities in screening with extracts obtained from International Streptomyces Project-3 
(ISP-3) Broth against Aspergillus niger (16 mm). The highest indole acetic acid (IAA) production was showed by Nocar-
diopsis sp. CYP39. This isolate produced the highest amount of IAA (76.5 µg/mL) in the presence of 0.9% L-tryptophan. 
Thirty-two of forty-two isolates were identified as siderophore producers. The best hydrogen cyanide producer was Nocar-
diopsis sp. CYP15. Streptomyces moderatus CYP35 and Streptomyces chartreusis CYP19 constitute the highest halo-zone 
diameter on phosphate solubilizing activity tests.
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important genus in actinobacteria also belongs to the rhizo-
spheric microbial communities, but in recent studies, it has 
been more emphasized as plant growth promoter than other 
bacteria. These microorganisms, which have great poten-
tial as a renewable and environmentally friendly plant food 
source, can increase agricultural production and soil fertil-
ity (Vurukonda et al. 2018). Rhizospheric actinobacteria are 
predominant, with economic importance to humans because 
both agricultural and forest fields depend on their contribu-
tions to soil systems (Boukhatem et al. 2022).

Synthetic agrochemicals also pose serious risks to human 
health and the ecosystem, making it necessary to develop 
alternative approaches such as microbial bio-fermentors 
and biocontrol agents, the use of bioinoculants for disease 
control, and plant growth enhancement (Ningthoujam et al. 
2016).

Nowadays, effective agricultural practices are based on 
the widespread use of chemical fertilizers to increase plant 
growth and yield. However, the cost, environmental con-
cerns, and the resulting human health hazards arising from 
the introduction of these chemical fertilizers in the food 
chain are the main limiting factors. Microorganisms have 
been the source of important natural compounds with agro-
active importance. The use of microbial consortia in the 
form of biofertilizers to reduce the use of chemical fertil-
izers, and pesticides is an important research area in agri-
culture, microbiology, and biotechnology today without 
sacrificing plant yield (Anwar et al. 2016).

Studies have shown that the discovery of new antimicro-
bial agents came mostly from natural sources. These new 
natural products have been found to have significant bio-
logical activities and produce a significant number of thera-
peutic agents around the world. They even act as templates 
for the synthesis of synthetic and semi-synthetic drugs 
(Adegboye and Babalola 2013). A lot of research is being 
done to control pathogens and identify new antimicrobial 
agents. Generally, microorganisms produce bioactive mol-
ecules that are useful for defense mechanisms but do not 
need them for their growth and development. Microorgan-
isms isolated from the soil are the most important natural 
resources exhibiting strong biological activity against a 
wide range of pathogens (Ganesan et al. 2017). It is esti-
mated that about two-thirds of naturally occurring antibiot-
ics are derived from actinobacteria. Actinobacteria can be 
considered fertile sources of structurally diverse secondary 
metabolites; most of them have pharmaceutically relevant 
biological activities. Approximately 23,000 bioactive sec-
ondary metabolites have been reported from microorgan-
isms, more than 10,000 of them are from actinobacteria 
and constitute 45% of all bioactive microbial metabolites. 
Thus, identifying new actinobacteria species has been an 

important component of natural product-based drug discov-
ery in recent years (Sudha and Hemalatha 2015).

A good alternative to chemicals is microbial sources, 
which can have multifunctional and beneficial effects on 
plants. Actinobacteria are generally considered to be potent 
natural biocontrol agents in soil. They compete with patho-
gens through the production of different secondary metabo-
lites and enzymes, and other biological control activities 
(Mitra et al. 2022).

New environmentally friendly approaches are required 
to improve plant biomass production. Beneficial plant 
growth-promoting actinobacteria can be used as excellent 
and efficient biotechnological tools to enhance plant growth 
in different environments such as stressful environments. 
We provide different mechanisms that improve and con-
tribute to plant growth, development, and health. This study 
aims to isolate actinobacteria from rhizospheres of various 
plants, screen them in terms of their plant growth-promoting 
properties and determine their bioactive compound produc-
tion potential. The actinobacteria isolated in this study are 
important for plant and human health due to their antifungal 
and antibacterial activity against both phytopathogens and 
human pathogens.

Materials and methods

Collection of rhizospheric soil samples and isolation 
of actinobacteria

Rhizospheric soil samples were taken from the rhizosphere 
regions of 5 different terrestrials (Heracleum platytaenium 
(Cow parsnip), Morus alba (Mulberry), Cucumis sativus 
(Cucumber), Lycopersicon esculentum (Tomato)) and 1 
aquatic plant (Fig. 1) aseptically, at a 5–15 cm depth and 
a distance of approximately 3  cm from the root (Kaur et 
al. 2013). One gram of soil sample was mixed in 9 mL of 
autoclaved dilution solutions (0.85% saline solution) and 
serially diluted to a final dilution of 10− 6. The 0.1 mL of 
each dilution was spread on Actinobacteria Isolation Agar 
(AIA) (Difco, 212,168). To prevent fungal growth, AIA was 
supplemented with a concentration of 50 mg/mL cyclohexi-
mide as an antifungal agent. After incubation at 28 °C for 
4–7 days, different actinobacteria colonies were selected 
considering morphological features such as different colony 
shapes and colors. These actinobacteria colonies were puri-
fied on AIA and kept at + 4 °C for further studies (Gopal-
akrishnan et al. 2014).

1 3

188



Biologia (2023) 78:187–200

Molecular identification and phylogenetic analysis 
of actinobacteria

DNA isolation was performed using the Zymo Research 
fungal/bacterial DNA isolation kit (Zymo Research, USA). 
Bacterial cells were taken into eppendorf tubes from 3-day 
cultures produced Actinomycetes Isolation Broth (AIB). 
The pellets were centrifuged for 10 min. at 10000  rpm to 
remove AIB residues. The supernatant was discarded, and 
pellets were washed with sterile distilled water by mixing 
up and down. The tubes were centrifuged at 10000 rpm for 
10 min. and the supernatant was discarded. The DNA isola-
tion procedure continued with the pellets remaining at the 
bottom of the tubes. The isolation process was completed 
according to the kit manual. The procedure corresponding 
to the kit content used was followed respectively. Q5 Hot 
Start High Fidelity DNA polymerase kit with bacterial spe-
cific universal primer sets 8–27 F (Forward, 5’- AGAGTTT-
GATCCTGGCTCAG) and 1492 − 1510 R (Reverse, 
5’- GGCTACCTTGTTACGACTT) was used to perform 
the PCR reaction (Koçyiğit 2009). The PCR products were 
sequenced and obtained 16 S rRNA gene sequences were 
compared with others in the GenBank nucleotide library 
by a Basic Local Alignment Search Tool (BLAST) search 
through the National Center for Biotechnology Informa-
tion (NCBI). The dendrogram of the phylogenetic relation-
ship with other species were made using Mega 6 program 
(Tamura et al. 2007).

Screening for bioactive metabolite production by 
rhizospheric actinobacteria

Primary screening

Primary screening of the antibacterial activity was deter-
mined on Mueller Hinton Agar (MHA) by the cross-streak 
method (Chaudhary et al. 2013). The agar plug method was 
used as the primary screening method for determining anti-
fungal activity (Mohanraj et al. 2011).

In antibacterial activity screenings, Bacillus cereus 
ATCC 7064, Enterococcus faecalis ATCC 29,212, Esch-
erichia coli ATCC 29,998, Salmonella typhimurium, Pseu-
domonas aeruginosa ATCC 27,853, Staphylococcus aureus 
ATCC 6538/P were used as bacterial test organisms (Chaud-
hary et al. 2013). In antifungal activity screenings, Candida 
albicans, Aspergillus niger (Mohanraj et al. 2011), and 
Alternaria sp. D21 (Toker et al. 2021) was used as fungal 
test organisms.

Secondary screening

Actinobacteria isolates showing promising antimicrobial 
activity in primary screening were incubated at 30 °C with 
continuous agitation at 150 rpm using five different media 
(AIB, Glucose Soybean Meal Broth (GSB), Starch Casein 
Broth (SCB), International Streptomycetes Project 2 and 3 
Broth (ISP-2 and ISP-3 Broth) for 7 days (Gopinath et al. 
2013; Mohseni et al. 2013; Singh et al. 2014; Duddu and 
Guntuku 2016; Chandrakar and Gupta 2017). The antimi-
crobial activity of the cell-free supernatant of the isolates 
against the same test organisms used in primary screening 
was demonstrated using the disc diffusion method (Khamna 

Fig. 1  Plant rhizospheres where isolation is carried out
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then incubated at 30 °C in the dark for 25 min. IAA produc-
tion was observed as the development of a pink-red color 
(Passari et al. 2015).

Among the actinobacteria isolates, those showing red-
pink color were measured at 535 nm using a spectropho-
tometer. The absorbance values are compared with the IAA 
standard curve (0-0.8  µg/mL) and the amount of IAA is 
expressed in µg/mL (Passari et al. 2015). The highest pro-
ducer isolate was inoculated into ISP-2 medium prepared at 
L-tryptophan concentrations ranging from 0 to 1% to show 
the effect of incubation time and the amount of L-trypto-
phan on IAA production. The amount of IAA was measured 
for 14 days and expressed in µg/mL, using the method pre-
viously described (Abd-Alla et al. 2013; Patel and Patel 
2014).

Siderophore production

Siderophore production of rhizospheric isolates was deter-
mined by the protocol using the indicator dye, chromium 
azurol S (CAS) described by Schwyn and Neilands. Isolates 
that exhibit a yellowish-orange halo-zone after 5 days of 
incubation at 28  °C were considered positive for sidero-
phore production (Lakshmanan et al. 2015).

Hydrogen cyanide production

The production of hydrogen cyanide (HCN) by actinobac-
teria isolates has been evaluated by adapting the method 
of Lorck. Whatmann No.1 filter paper was soaked in 2% 
sodium carbonate in 0.5% picric acid for one minute. The 
filter papers soaked in this solution were then placed under 
the petri plates. Next, ISP-2 medium supplemented with 
4.4 g/L glycine was evenly distributed in the petri plates and 
allowed to solidify. After the actinobacteria isolates were 
planted in this environment, the petri plates were covered 
with parafilm and left to incubation at 28 °C for 7–12 days. 
The red-brown color in the filter paper was indicative of 
HCN production (Anwar et al. 2016).

Phosphate solubilizing activity

Actinobacteria isolates were grown on Pikovskaya’s agar 
(PVKA) (g/L: yeast extract; 0.5; Dextrose 10; Ca3PO4 5; 
NH4SO4 0.5; KCl 0.2; MgSO4 0.1; MnSO4 0.0001; FeSO4 
0.0001; agar 15) which is developed by Pikovskaya. The 
formation of a clear zone around the colony by dissolving 
Ca3(PO4) on the petri plate has been accepted as an indicator 
of phosphate solubility. While determining phosphate solu-
bility, halo-zone and colony diameters were measured after 
14 days of incubation at 27 °C. The halo-zone diameter was 
calculated by subtracting the colony diameter from the total 

et al. 2009). Bacterial test suspensions were adjusted to 
be equivalent to a 0.5 McFarland turbidity standard tube 
at 600  nm using a spectrophotometer. This is equal to 
1.5 × 108 cfu/mL (Jobim et al. 2014). Fungal test organisms 
were counted with the help of Thoma cell counting chamber 
and adjusted to 3.0 × 107 cfu/mL. and 0.1 mL of each test 
organism was taken and spread to MHA. six mm diameter 
sterilized discs were added to the MHA containing the test 
organisms under aseptic conditions and 10 µL of the super-
natant of each isolate was transferred onto these discs. The 
petri plates were then kept at room temperature for 30 min 
for antimicrobial diffusion and then incubated at 37 °C. At 
the end of 24 h, inhibition zones around the disc were mea-
sured (Rajan and Kannabiran 2014).

Extraction

Isolates selected as a result of screening with the super-
natant were incubated in five different media for 7 days at 
28  °C at 150  rpm in a shaking incubator (Gopinath et al. 
2013; Mohseni et al. 2013; Singh et al. 2014; Duddu and 
Guntuku 2016; Chandrakar and Gupta 2017). The culture 
broth was then centrifuged for 20 min at a rotational speed 
of 5000  rpm. Bioactive metabolites produced in different 
liquid culture media are mixed with an equal volume of 
ethyl acetate (1:1) in a separation funnel twice for 15 min. 
It is extracted from the supernatant by shaking for a while. 
The solvent layer, one of the two layers formed as a result 
of this process, was separated and after this process, it was 
evaporated under vacuum in a water bath of 40 °C in the 
evaporator (Singh et al. 2014). Extracts were dissolved in 
ethyl acetate; the test organisms were used and the proce-
dure was applied the same described above. Ethyl acetate, 
streptomycin, and cycloheximide were used as a negative 
and positive control for antibacterial and antifungal activity, 
respectively.

Screening for plant growth-promoting activities of 
rhizospheric actinobacteria

Indole acetic acid production

Actinobacteria isolates were grown on ISP-2 agar medium 
(g/L: yeast extract 4; malt extract 10; dextrose 4; peptone 
5) at 30 °C for 7 days. Agar discs with a diameter of 1 cm 
were cut using sterile apparatus and inoculated into 100 
mL ISP-2 broth containing 0.2% L-tryptophan. Isolates 
were incubated in this environment at 30 °C for 14 days at 
150  rpm with continuous shaking. After incubation, sam-
ples were centrifuged at 11,000 rpm for 15 min and 1 mL of 
supernatant was mixed with 2 mL of Salkowski’s reagent. 
An uninoculated sterile medium was used as a blank. It was 
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Molecular identification and phylogenetic analysis 
of actinobacteria

After the determination of the base sequences of the prod-
ucts obtained as a result of the polymerase chain reaction, 
comparisons were made with the other base sequences in 
the GenBank database (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). The similarity rates and matching results of the isolates 
are given in Table 2. The phylogenetic dendrogram of the 
identified isolates is given in Fig. 2.

Screening for bioactive metabolite production by 
rhizospheric actinobacteria

As a result of primary and secondary screening of bioactive 
compound production, the isolates with the best antibacte-
rial and antifungal activities were Streptomyces labedae 
CYP25 and Streptomyces sp. CYP30, respectively. These 
actinobacteria were selected for extraction steps. Strep-
tomyces labedae CYP25 showed the highest antibacterial 
activity against S. aureus (18 mm) in AIB in the screening 
performed with ethyl acetate extracts (Table 3) (Fig. 3).

Streptomyces sp. CYP30 showed the highest antifungal 
activity against C. albicans (60  mm), Alternaria sp. D21 
(52  mm) in GSB and A. niger (16  mm) in ISP-3 Broth 
(Table 4) (Fig. 4).

Screening for plant growth-promoting activities of 
rhizospheric actinobacteria

Indole acetic acid (IAA) production

As a result of the 14-day incubation in ISP-2 medium sup-
plemented with tryptophan, twelve of the forty-two actino-
bacteria isolates produced IAA. These twelve isolates with 
positive results were selected for quantitative screening. 

diameter (Franco-Correa et al. 2010). After 14 days, isolates 
with a halo-zone diameter of 9 mm or greater were consid-
ered positive for phosphate solubility and were selected for 
quantitative screening. (Dastager and Damare 2013)

For quantitative measurement of soluble phosphate, 
1 cm agar discs from 7-day old actinomycete cultures were 
inoculated into 100 mL Pikovskaya broth containing 0.1 g 
of tricalcium phosphate. The samples were incubated for 
9 days in a shaking incubator at 28  °C at 150  rpm. Cul-
ture supernatants of 20 mL were taken from each flask and 
30 min (15,000 rpm) and the amount of water-soluble phos-
phate released in the supernatant was determined on days 
3, 5, 7, and 9 by the reduced chlorostannous molybdophos-
phoric blue acid method. 10 mL of supernatant, 10 mL of 
chloromolybdic acid, and 1 mL of chlorostannous acid were 
mixed and the volume was completed to 50 mL with dis-
tilled water. The pH values of the culture fluids taken on 
the same days were also recorded. An uninoculated sterile 
medium was used as a blank. The blue color formed was 
read at 600 nm with a spectrophotometer. The amount of 
soluble phosphate was calculated using the standard curve 
of KH2PO4 (Wani and Irene 2014; Kaur 2014).

Results

Isolation of rhizospheric actinobacteria

As a result of isolation from soil samples collected from 
rhizosphere regions of four terrestrial and one aquatic plant, 
forty-two actinobacteria colonies with different shapes and 
colors were selected and isolated from all dilution plates. 
The isolated actinobacteria and isolation areas are given in 
Table 1.

Table 1  Plant rhizospheres where actinobacteria isolation was carried 
out
Isolates Plant soil Habitat
CYP1, CYP2, CYP3, CYP4, CYP5, 
CYP6, CYP7, CYP8, CYP9, 
CYP10, CYP11, CYP12, CYP13, 
CYP14

Heracleum platy-
taenium (Cow 
parsnip) rhizosphere

Terres-
trial

CYP15, CYP16, CYP17, CYP18, 
CYP19, CYP20, CYP21, CYP22

Morus alba (Mul-
berry) rhizosphere

Terres-
trial

CYP23, CYP24, CYP25, CYP26 Aquatic plant 
rhizosphere

Aquatic

CYP27, CYP28, CYP29, CYP30 Lycopersicon escu-
lentum (Tomato) 
rhizosphere

Terres-
trial

CYP31, CYP32, CYP33
CYP34, CYP35, CYP36, CYP37, 
CYP38

Cucumis sati-
vus (Cucumber) 
rhizosphere

Terres-
trial

CYP39, CYP40, CYP41, CYP42 Aquatic plant 
rhizosphere

Aquatic

Table 2  The similarity ratios and matching results of the isolates
Isolates Similarity Matching Species Accession 

No. of 
Isolates

Isolate CYP15 99% Nocardiopsis sp. 
13-33-15

MK254640

Isolate CYP19 99% Streptomyces 
chartreusis strain 
xsd08102

MK254641

Isolate CYP25 99% Streptomyces labedae 
strain NHF7

MK254642

Isolate CYP30 99% Streptomyces sp. 
620 F

MK254643

Isolate CYP35 99% Streptomyces modera-
tus strain N19

MK254644

Isolate CYP39 99% Nocardiopsis sp. 
13-33-15

MK254645
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lowest IAA with 5.0 µg/mL, while the highest production 
was performed by Nocardiopsis sp. CYP39 with 51.04 µg/
mL. The highest producer Nocardiopsis sp. CYP39 was 
used to determine the effect of different L-tryptophan con-
centrations on IAA production.

IAA production was detected in very low amounts in 
medium without L-tryptophan. No IAA production was 
observed at any of the L-tryptophan concentrations during 
the first 4 days of the incubation period. IAA production 
process started on the 5th day and continued increasingly. 
Production amount varies between 4.7 and 76.5 µg/mL.

The lowest production (4.7 µg/mL) was on the 6th day 
in the medium containing 0.1% L-tryptophan, while the 

The amount of IAA formed by the isolates ranges from 5.0 
to 51.04 µg/mL. Streptomyces labedae CYP25 produced the 

Table 3  Zone diameters of Streptomyces labedae CYP25 against bac-
terial test organisms in antibacterial activity screenings
Test Organisms Media and Antibacterial Activity Zone 

Diameters
ISP-3 GSB ISP-2 NKB AIB

P. aeruginosa 10 mm 10 mm 10 mm 10 mm 13 mm
S. aureus 10 mm 12 mm 12 mm 12 mm 18 mm
B. cereus 13 mm 11 mm 14 mm 13 mm 15 mm
E. coli 12 mm 11 mm 14 mm 12 mm 14 mm
E. faecalis 12 mm 12 mm 14 mm 12 mm 14 mm
S. typhimurium 13 mm 12 mm 15 mm 12 mm 15 mm

Fig. 2  Phylogenetic dendrograms of identified isolates
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Hydrogen cyanide production

Color changes on filter papers were investigated after 12 
days of incubation of isolates in ISP-2 agar medium supple-
mented with glycine. It was observed that 9 of 42 actinobac-
teria isolates produced HCN. It was determined that the best 
HCN producer is Nocardiopsis sp. CYP-15.

Phosphate solubilizing activities

It was determined that 15 of the 42 isolates used in this study 
performed the phosphate solubility activity. The halo-zone 
diameters of the isolates vary between 3 and 11 mm at the 
end of the 14th day. CYP7 isolate had the lowest halo-zone 
diameter and Streptomyces moderatus CYP35 had the high-
est halo-zone diameter (Fig. 6). At the end of day 14, two 
isolates (Streptomyces chartreusis CYP19 and Streptomyces 
moderatus CYP35) with a halo-zone diameter > 9 mm were 
selected for quantitative screening.

Both isolates, whose quantitative phosphate solubil-
ity screening was performed, achieved the highest soluble 

highest production (76.5 µg/mL) was on the 13th day in the 
medium containing 0.9% L-tryptophan. The earliest pro-
duction was on day 5 in media containing 0.2% and 0.3% 
L-tryptophan. The latest production took place on the 11th 
day in a medium containing 1% L-tryptophan. Towards the 
end of the incubation period, the amount of production at all 
L-tryptophan concentrations stabilized or increased slightly.

Siderophore production

Of the forty-two actinobacteria isolates screened on CAS 
agar, thirty-four produced a siderophore. The highest halo-
zone diameters were created by Streptomyces labedae 
CYP25 and Nocardiopsis sp. CYP15 (Fig. 5).

Table 4  Antifungal activity zone diameters of Streptomyces sp. CYP30 
extracts
Media and Antifungal Activity Zone Diameters
Test Organisms ISP-3 GSB AIB SCB ISP-2
 C. albicans 13 mm 60 mm 11 mm 20 mm -
A. niger 11 mm 16 mm - 25 mm -
Alternariasp. D21 40 mm 52 mm - 16 mm -

Fig. 3  Results of antibacterial activity screenings of Streptomyces labedae CYP25 extracts (P.a: Pseudomonas aeruginosa, S.a: Staphylococcus 
aureus, B.c: Bacillus cereus, E.f: Enterecoccus faecalis, E.c: Escherichia coli, S.t: Salmonella typhimurium)
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activity was found to be Streptomyces moderatus CYP-35. 
Streptomyces chartreusis CYP19 produced 114.2  µg/mL, 

phosphate production on the 9th day of the incubation 
period. The isolate with the highest phosphate solubility 

Fig. 4  Results of antifungal activity screenings of Streptomyces sp. CYP30 extracts (A.n: Aspergillus niger, C.a: Candida albicans, AD21: Alter-
naria sp. D21)
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from marine sources. In the trials with extracts, Streptomy-
ces labedae isolate CYP25 exhibited antibacterial activity 
in all media used against all bacterial test organisms. How-
ever, this isolate formed the highest zone diameter at 18 mm 
against S. aureus in the AIB medium. Mohseni et al. (2013) 
reported an actinobacterial isolate of unidentified marine 
origin with the code of MN39 formed a zone diameter of 
20.5 mm against S. aureus in AIB medium. Ganesan et al. 
(2017) reported the antibacterial activity experiment was 
carried out using the extract of the soil isolate Streptomyces 
rimosus FM-20 obtained by incubating in ISP-2 medium, 
using 10 times more extracts than the one used in this study, 
and this strain created a zone diameter of 16 mm against S. 
aureus. When all these results are evaluated, it is seen that the 
antibacterial activities of sea-originated or marine-adapted 
isolates against certain pathogens are higher than those of 
soil origin. Besides all these plants; actinobacteria play an 
important role as biocontrol agents through their antagonis-
tic activities, while providing nutrients to actinobacteria in 
the rhizosphere with the secretions of carbohydrates, amino 

while Streptomyces moderatus CYP35 produced 196.49 µg/
mL. With the increase in phosphate solubility, there was a 
decrease in the pH of the medium. Streptomyces moderatus 
CYP35 decreased pH from 7 to 3.82 and Streptomyces char-
treusis CYP19 from 7 to 3.96.

Discussion

Microorganisms in the rhizosphere significantly support the 
growth of plants and help plant yield. Actinobacteria are one 
of the main components of rhizosphere microbial popula-
tions. In addition to its effects on the nutrient cycle in the 
soil, it also has very important effects on plant growth sup-
port. Actinobacteria produce secondary metabolites such as 
lytic enzymes, agroactive compounds, and antibiotics (Sree-
vidya et al. 2016).

As a result of secondary antibacterial activity studies, 
the type of isolate selected as promising was determined 
as Streptomyces labedae isolate CYP25 and was isolated 

Fig. 6  The clear zone formed by the Streptomyces moderatus CYP35 as a result of phosphate solubility activity on PVKA

 

Fig. 5  Orange colored halo-zones 
formed by siderophore producing 
isolates
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production, and ammonia production were investigated in 
terms of plant growth-promoting properties.

IAA ranges from 5.0 to 51.04 µg/mL in the presence of 
exogenous L-tryptophan. Aouar et al. (2016) reported IAA 
production ranging from 0.38 to 18.45 µg/mL of 6 actino-
bacteria isolated from rhizospheric soils. Mohandas et al. 
(2013) observed IAA production in actinobacteria ranging 
from 5.0 to 12  µg/mL. Rodrigues et al. (2018) reported 
that 9 of 12 isolates produced IAA ranging from 3.13 to 
50.45 µg/mL. Damam et al. (2016) showed that there was 
IAA production in actinobacteria isolated from the rhizo-
sphere of medicinal plants in amounts ranging from 0.008 
to 2.50 µg/mL.

Legault et al. (2011) showed that in vitro IAA produc-
tion in S. scabiei EF-35 is dependent on the availability of 
L-tryptophan in the growth medium. In contrast, the capac-
ity of rhizospheric actinomycetes to produce IAA in vitro 
in the absence of L-tryptophan has been demonstrated (De 
Oliveira et al. 2010). Because actinomycetes use an alterna-
tive pathway that does not depend on L-tryptophan as a pre-
cursor for IAA synthesis (Aouar et al. 2016). In this study, 
although in limited amounts, IAA production was detected 
in the absence of exogenous L-tryptophan. Considering the 
information in the literature and this study, actinomycetes 
isolated from the rhizosphere differ significantly from those 
isolated from other isolation regions in that they can pro-
duce IAA in the absence of L-tryptophan.

Most PGPR (Plant Growth Promoting Rhizobacteria) 
actinomycetes synthesize IAA, which is responsible for 
increasing the number of adventitious roots, which helps the 
plant uptake large amounts of nutrients and absorb water. 
PGPR can produce IAA, thus improving plant growth by 
increasing seed germination, root elongation, and root dry 
weight (Anwar et al. 2016; El-Tarabily 2008). In this case, 
it contributes to the production of agricultural products that 
are sustainable and use fewer chemicals.

Low molecular weight iron chelators produced by many 
microorganisms to chelate ferric iron with high affinity are 
known as siderophores. The resulting ferric-siderophore 
complexes are returned to the cells by active transport 
mechanisms (Duddu and Guntuku 2016). This property is 
also beneficial for plants as the siderophores secreted by 
rhizospheric actinobacteria can significantly support plant 
growth by increasing iron uptake (Patel and Patel 2014; 
Anwar et al. 2016). Thirty-two of forty-two rhizospheric 
actinobacteria isolates produced siderophore. Among these 
isolates, the siderophore producers belong to Nocardiopsis 
and Streptomyces genera (Nocardiopsis sp. CYP15, Nocar-
diopsis sp. CYP39, Streptomyces labedae CYP25, Strep-
tomyces chartreusis CYP19). Bhosale and Kadam (2015) 
reported that only nine of the nineteen rhizospheric actino-
bacteria isolates were produce siderophore, and most of the 

acids, organic acids, and other secretions (Ng and Amsaveni 
2012).

As a result of secondary antifungal activity studies, the 
type of isolate selected as promising was determined as 
Streptomyces CYP30. Streptomyces sp. CYP30 showed the 
highest antifungal activity in GSB medium against all fungal 
pathogenic organisms used in the experiment. It has formed 
the highest zone diameter (60 mm) against C. albicans. In 
addition, the antifungal activities against Alternaria sp. D21 
and Aspergillus niger with zone diameters of 52 mm and 
16 mm were determined using the same medium. In a simi-
lar study, Singh and Rai (2012) reported GSB was chosen as 
the best medium among many and it was found that Strep-
tomyces rimosus Y8 created a zone diameter of 28.6  mm 
against C. albicans, 37 mm against Alternaria alternata, and 
32 mm against A. niger. When compared with this study, the 
zone diameter formed against C. albicans and Alternaria sp. 
D21 is significantly higher, but it displayed lower activity 
against A. niger. It is emphasized that the reason for this 
difference may be due to the specificity of the bioactive sub-
stance produced by each organism and the marked changes 
in its action mechanism.

Currently, the incidence of multidrug-resistant micro-
organisms is increasing and jeopardizing the treatment of 
a growing number of infectious diseases. Therefore, there 
is a need to develop new drugs that are effective against 
pathogens resistant to existing antimicrobials. Actinobacte-
ria have been proven for many years as a potential source 
of bioactive compounds and rich secondary metabolites 
(Varalakshmi et al. 2014). In addition to the ongoing war 
with human pathogens in the field of health, it is of great 
importance to isolate and study actinobacteria that produce 
such high and perhaps new bioactive compounds from the 
rhizosphere to prevent various pathogenic microorganisms 
that cause problems in the agricultural field and may cause 
problems in the food field.

It has been shown that natural compounds are derived 
from microorganisms for various industries. Also, it is 
known that phytopathogenic fungi cause great losses in the 
yield of products obtained from plants and plant diseases. 
Pesticides are generally used in the control of plant diseases. 
In addition, the use of pesticides causes environmental pol-
lution and adverse effects on naturally occurring organisms. 
However, the use of microorganisms as biological control 
agents has the potential to control plant pathogens and has no 
adverse effect on the environment or other naturally occur-
ring organisms. There are reports that biocontrol agents can 
be used instead of agricultural chemicals (Khamna et al. 
2009). In light of all this information, forty-two actinobac-
teria isolates; including indole acetic acid production, phos-
phate solubilizing capacity, siderophore production, HCN 
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dissolving ability is therefore an important feature of plant 
growth-promoting rhizobacteria to increase plant yield 
(Anwar et al. 2016). In our study, 15 of the 42 isolates 
exhibited phosphate solubility activity in qualitative scans 
on Pikovskaya’s agar (PVKA). Aouar et al. (2016) reported 
that in the qualitative screening of PVKA, phosphate solu-
bility activity was detected in 5 of 20 actinobacteria isolates.

Phosphate solubilizing microorganisms use differ-
ent mechanisms to convert insoluble inorganic phosphate 
forms into soluble forms (Farhat et al. 2014). The best-
characterized mechanism involves the secretion of organic 
acids or siderophore-like substances with high chelating 
power (Chaudhary et al. 2013; Dastager and Damare 2013) 
reported a decrease in pH (from 7 to 3.6) in their study. 
In this study, the decrease in pH values (from 7 to 3.82) 
observed during phosphate solubility tests suggested that it 
was due to the production of organic acids. The information 
in the literature supports this situation. In addition, most of 
the isolates that showed phosphate solubility activity also 
produce siderophores, therefore the effect of secretion of 
siderophores or siderophores-like substances on phosphate 
solubility activity has also been proven.

Phosphorus is the second most essential macronutrient 
for plant growth, after nitrogen, and is required in higher 
amounts. High phosphorus input applied for better crop 
yield causes environmental problems such as eutrophication. 
Therefore, phosphorus-solubilizing bacteria are emphasized 
for using phosphorus fixed in soil layers (Namlı et al. 2017). 
In recent decades, several phosphate-solubilizing bacte-
ria exhibiting both heavy metal detoxifying properties and 
plant growth-promoting activities have been investigated 
and associated with the phytoremediation of different soils 
(Ahemad 2015; Guo et al. 2021).

This study was aimed to screen bioactive and agroactive 
compounds from actinobacteria. It is important to detect 
these two important groups of compounds in the same 
organism. Because, within the scope of food safety, the 
presence of various organisms in foods is undesirable and if 
detected, it causes significant economic losses. Actinobac-
teria isolated by this study both support plant growth and 
protect plants from various pathogens with their bioactive 
compounds. These two mechanisms, which are provided 
naturally, are innovative in terms of preventing the use of 
harmful agricultural chemicals and being a step towards 
solving problems in food safety. Further studies will con-
tinue in the form of consortia of these organisms, ensuring 
their stability and applying them to selected plants.

siderophore producers belong to the Streptomyces genus, 
a member of the Nocardiopsis genus did not produce sid-
erophore. Anwar et al. (2016) reported that 87.5% of rhizo-
spheric actinobacteria isolates produce siderophore and the 
strains producing siderophore were members of the Strep-
tomyces genus.

Members of Streptomycetes are known for their ability to 
produce multiple siderophores that are independently orga-
nized and act conditionally to compete more efficiently in 
the environment. Siderophores produced by bacteria living 
in the plant rhizosphere are important for their proposed role 
in the biological control of soil-borne plant pathogens and 
disease-suppressing soils (Wang et al. 2014). The discovery 
of rhizosphere bacteria resistant to heavy metals and capa-
ble of promoting plant growth provides the potential for 
phytoremediation of heavy metal contaminated soils. The 
use of metal-resistant siderophore-producing rhizosphere 
bacteria is particularly important because they can provide 
plants with nutrients, especially iron, and reduce the harm-
ful effects of metal contamination (Wang et al. 2014).

In our study 9 of 42 actinobacteria isolates were able to 
produce HCN, which plays a role in suppressing plant dis-
eases. Rodrigues et al. (2018) reported that none of the 12 
isolates were able to generate Bhosale and Kadam (2015) 
reported that HCN production was detected in 40% of rhi-
zospheric isolates. In our study, Nocardiopsis sp. CYP15 
was determined as the highest HCN producer. Anwar et al. 
(2016) reported that all HCN-producing isolates belong to 
the Streptomyces genus.

It shows that the ecological function of HCN produced 
by rhizobacteria depends on its interference with the release 
of elements from the mineral substrate, due to its ability to 
form complexes with transition metals in the mineral sub-
strate. Recent research on mineral weathering in natural 
environments has shown that HCN-producing bacteria pro-
mote the mobilization of elements from rock-forming min-
erals (Frey et al. 2010; Lapanje et al. 2012; Wongfun et al. 
2014). It is thought that by affecting the solubility of these 
elements, HCN may also indirectly interfere with phospho-
rus availability. Complexation of phosphate by calcium in 
basic soils or by aluminum and iron in acidic soils leads to 
the formation of insoluble metal-phosphate complexes. In 
acidic soils, since HCN can interact with iron, the main con-
tribution of biogenic HCN is not in the increased decompo-
sition of iron but the sequestration of phosphate leading to 
increased availability. It is hypothesized that biogenic HCN 
may increase the availability of nutrients in the substrate, 
resulting in increased plant growth support (Rijavec and 
Lapanje 2016).

Phosphorus is one of the most important nutritional 
requirements for plants. Phosphorus in the soil is found 
mainly in insoluble forms inaccessible to plants. Phosphate 
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and communicate the wealth of nature. This is necessary to 
identify new bioactive chemicals from actinobacteria.

All the findings obtained in this study constitute an 
important preliminary study for novel bioactive com-
pounds isolated from actinobacteria and their applications 
in industrial, agricultural, and environmental protection, 
pharmaceutical bioactive compounds, and pharmaceutically 
relevant biomolecules. This includes high-level metabolites 
that act as inhibitory or lethal agents against pathogens 
affecting humans and animals, including resistant bacteria, 
fungi, viruses, and several protozoa. Therefore, continuous 
selective isolation and screening studies are required for the 
characterization and identification of new potential bioac-
tive compounds from actinobacteria. This is to create com-
mercially viable, long-term, and cost-effective production 
methods. Their metabolic flexibility and abundance also 
provide a powerful new avenue for the bioremediation of 
organic wastes and pollutants.
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