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ifferent samples used for Streptomyces spp. isolation. Obtained isolates examined for their zinc 

solubilization efficiency % (ZSE), phosphate solubilization efficiency (PSE), siderophore pro-

duction, indole acetic acid (IAA), cytokinin, and gibberellin production capacity. The most potent 

three isolates were genetically identified by 16S rRNA gene sequence analysis. The identified isolates 

were related to Streptomyces alfalfae strain XY25, Streptomyces litmocidini strain NRRL B-3635 and 

Streptomyces hawaiiensis strain ISP 5042. The spores of S. alfalfae, S. litmocidini, and S. hawaiiensis 

were exposed to increasable doses of 60Co Ɣ-rays (5, 10, 15, and 20 kGy), according to the climatic 

changes, the effect of irradiation formed a stress condition, so that examination the effect of irradiation 

on the most efficacious three strains' activities. Amongst the four radiation doses, e.g., 5 kGy, 10 kGy, 

15 kGy and 20kGy, the 15 kGy Ɣ-rays show the most efficacious radiation dose on the ZSE, p-

solubilizing ratecytokinin and gibberellin, especially for the 1st or 2nd generation activities of S. alfal-

fae. This is a new study that uses high radiation dose treatments to enhance the activity of S. alfalfae, 

S. litmocidini and S. hawaiiensis. Because as far as our knowledge, this is the first report on their ac-

tivity. 

Keywords: Plant growth-promoting (PGP); 16S rRNA gene sequence analysis; Streptomyces alfalfae 

strain XY25; Streptomyces litmocidini strain NRRL B-3635; Streptomyces hawaiiensis 

strain ISP 5042 

 

1. Introduction 

The members of the Streptomycetes family show a 

wealthy rate of the soil microflora. They are coloniz-

ers of plant roots, and they maintain unfavorable 

growth conditions by forming spores (Barka et al., 

2016). The percentage of Streptomycetes accounts for 

40% of soil bacteria (Boone et al., 2001). Streptomy-

ces species have been isolated from various habitats, 

including insects, plants, freshwater, marine inverte-

brates, and marine sediments. The primary source of 

their isolation is soil (Kanchanasin et al., 2017). 

Members of the genus Streptomyces are described as 

filamentous, aerobic, and gram-positive bacteria with 

high GC DNA content, complex morphological dif-

ferentiation, and immeasurable secondary metabo-

lism (Barka et al., 2016).  

In addition to being the most abundant and possi-

bly the most important producers of biocontrol agents 

or bioactive compounds (such as extracellular en-

zymes and antibiotics), Streptomyces has recently 

been recognized as a biofertilizer. Thus, these genera 

show great potential for strengthening agriculture in 

the future. They directly promote nitrogen fixation, 
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plant growth via phytohormones (e.g., cytokinins), 

auxins, and gibberellins (Gas) production, and sup-

press plant stress by 1-aminocyclopropane-1-

carboxylate (ACC) deaminase production. Also, pro-

duced siderophores scavenge ferric iron from the 

environment (Verma et al., 2011; Sadeghi et al., 

2012; Kunova et al., 2016). The term biofertilizer or 

plant growth-promoting bacteria (PGPB) includes a 

wide range of soil microorganisms, in particular they 

have a variety of activities, such as atmospheric ni-

trogen fixation, solubilizing phosphate, releasing po-

tassium, producing plant hormones and promoting 

plant growth (Afify et al., 2018, and Abdel-Rahman 

et al., 2021). 

Westerhof et al. (2004) studied the effect of 

Streptomyces griseus as PGPB on the seeds of oats, 

carrots, and wheat. Among them, its influence de-

pended on the production of streptomycin or strepto-

mycin-like substances. The average grain yield, dry 

leaf weight, the number of tillers, and advanced head 

merger for oats and wheat were maximized. In the 

case of carrots, the marketable yield was increased.  

Olanrewaju and Babalola (2019) summarized 

the plant growth-promoting mechanisms of Strepto-

myces. They can change the pH of the environment, 

produce secondary metabolites and volatile organic 

compounds that can regulate environmental condi-

tions by signaling. These signals can regulate the 

expression of genes in the surrounding microflora. 

They act as activators or inhibitors (antifungal and 

antibacterial agents), especially when used with tri-

methylamine. Sathya et al. (2017) and Abdel-

Gawad and El-Howeity (2019) investigated agricul-

tural strategies for actinomycetes that promote plant 

growth and grain legumes. Actinomycetes include 

bacterial diversity, various enzymatic activities, plant 

growth induction, defense pathways, stress manage-

ment strategies, and effective control of grain legume 

pests and pathogens while increasing their yield.  

Streptomyces species, especially endophytes, are 

used in several cropping systems as bio-fertilizers 

and bio-control agents for sustainable agriculture. 

This activity is regulated by produced IAA, soluble 

P, and siderophores. These active agents promote 

root and shoot growth, seed germination and develop 

resistance against pathogens through antifungal and 

antibacterial activities (Verma et al., 2011; Sousa 

and Olivares, 2016; Viaene et al., 2016; Vurukon-

da et al., 2018).  

Gamma rays are short-wavelength electromagnet-

ic radiation, usually shorter than a few tenths of an 

angstrom (10
−10

 meters), and have the highest energy. 

It is produced by the decay of certain subatomic par-

ticles during the disintegration of radioactive atomic 

nuclei. The energy of gamma radiation is between 

several keV and several MeV (the energy of ɣ-rays 

photons is greater than the energy of tens of thou-

sands of electron volts (eV)). Cobalt 60 (
60

Co) used 

for irradiation of cultural heritage artifacts emits 1.17 

and 1.33 MeV gamma radiation (IAEA, 2017). 

Gamma irradiation treatments in most Streptomy-

ces species are used as an enhancement tool to acti-

vate the antimicrobial activities or for more efficient 

agro-industrial compound production (Moussa et al., 

2005; Khaliq et al. 2009; Lazim et al., 2010) and 

further optimization of antibiotic production 

(Petkovie et al. 2006). In comparison, Sakr et al. 

(2013) used gamma radiation as a sterilization treat-

ment to eliminate the contamination of different 

Streptomyces species on traditional paintings without 

reducing the tensile strength of the paper or causing 

color changes. Therefore, the effect of the gamma 

irradiation treatment depends on the irradiation dose, 

treatment aim, and the Streptomyces species type of 

media and their carbon, nitrogen, and pH content 

after their growth during irradiation (Abdel Aziz et 

al., 2016). The ability of Streptomyces species to re-

sist the effects of radiation doses on growing cells 

and their activity enhancement may be due to evolu-

tionary development caused by environmental stress, 

mainly driven by drought and high temperature (Mao 

et al., 2007).  

Also, Abbas et al. (2020) demonstrated the role of 

gamma radiation as a technique, especially under 

biotic/ abiotic stresses, not only on the soil microbial 

communities, but also on improving the yield and 

quality of plants such as canola. 

This work aims to isolate, purify and study some 

plant growth-promoting activities of Streptomyces 

species. The most efficacious Streptomyces spp. was 

identified genetically. Finally, the resistance and their 

activity were reevaluated after 
60

Co gamma radiation 

was studied in vitro. 

https://www.britannica.com/science/wavelength
https://www.britannica.com/science/angstrom
https://www.britannica.com/science/energy
https://www.britannica.com/science/subatomic-particle
https://www.britannica.com/science/subatomic-particle
https://www.britannica.com/science/photon
https://www.britannica.com/science/electron-volt


 ACTIVITIES PROFILE OF IRRADIATED STREPTOMYCES ALFALFAE STRAIN XY25 IN VITRO 

 

Env. Biodiv. Soil Security, Vol. 5 (2021) 

 

291 

2. Materials and Methods 

Isolation and characterization of Streptomyces 

isolates.  

Fresh cow dung samples and different soil 

samples at a depth of 0 – 30 cm were collected. The 

samples were air-dried at room temperature and 

sieved. 10g of the fine particles of the samples were 

transferred into 100 ml Erlenmeyer flasks containing 

90 ml sterilized distilled water. The flasks were then 

heated at 60ºC in a water bath for 20 minutes and left 

to cool down and clarify (Abdul Malek et al., 2015). 

1ml from the flasks were plated onto isolation media 

(malt extract yeast agar (ISP-2), oatmeal agar (ISP-

3), and inorganic salt starch agar (ISP-4) and 

incubated at 28°C for 14 days (Shirling and Gottlieb, 

1969). Streptomyces-like growth colonies were 

selected, identified by both morphological and 

physiological characteristics according to Shirling 

and Gottlieb (1969); Kämpfer (2006) and Kämpfer 

(2012), screened for its profile activities and 

confirmed by the 16S rRNA gene sequence method. 

Determination of some biochemical activities of 

Streptomyces isolates in Vitro 

Zinc solubilization efficiency (ZSE %) 

A modified Bunt and Rovira agar medium 

(containing 0.1% ZnCO3 as an insoluble source) were 

used to evaluate the ZSE % of the Streptomyces 

isolates by a triplicate plate assay. The plates were 

incubated at 28C for 14 days. After incubation, the 

clear zone diameter and colony growth diameter were 

measured. The ZSE % was tested according to the 

equation (Chaiharn and Lumyong, 2011): 

Zn Solubilization efficiency (%) = 
                           

                         
       

Quantitative of rock phosphate solubilization rate  

The National Botanical Research Institute’s 

phosphate growth Broth (NBRIP) with 5 g L
-1

 rock 

phosphate 30% P2O5, as a sole phosphate source, was 

carried out using Erlenmeyer flasks (100 ml), 

containing 50 ml of broth. Each flask was inoculated 

with 1 ml of spore suspension with approximately 1-

2x10
6
 CFU ml

-1
 in a triplicate (Farhat et al., 2015). 

Autoclaved un-inoculated medium was used as a 

control. The flasks were incubated for 20 days at 28 

ºC (Biglari et al., 2016). The growth cells of 

Streptomyces isolates were harvested by 

centrifugation at 10,000 rpm for 10 minutes. The 

available water-soluble phosphorus in the supernatant 

was analyzed by the chlorostannous reduced 

molybdophosphoric acid blue method at a 

wavelength of 880 nm (Jackson 1973; Ngosong et al., 

2014). 

Calculation of available phosphorus releasing rate 

The inorganic P-solubilizing and releasing rate ƞ 

(mgL
-1

h
-1

) was calculated using the following formu-

la: ƞ = 
(   –   )

 
 

Where: Co is the initial soluble P concentration in 

the liquid medium, Cn is the soluble P concentration 

in the liquid medium after n hours, and T is the incu-

bation time (Cao et al., 2018). 

 

Quantitative siderophores estimation 

A modified CAS-shuttle assay performed the 

quantitative estimation of siderophores in the 

modified ISP-4 supernatant medium (Alexander and 

Zuberer, 1991). In the modified ISP-4 broth medium, 

FeSO4.7H2O was replaced by 1g L
-1

 yeast extract 

(Lee et al., 2012), then the medium was inoculated 

with one ml spore suspension in a triplicate and 

incubated at 28°C for 14 days. After the incubation 

time, the broth medium was centrifuged at 10,000 

rpm for 15 minutes, and the cell-free supernatant was 

used to detect and estimate siderophores. A 0.5 ml of 

culture supernatant was mixed with 0.5 ml of CAS 

reagent, and absorbance was measured at 630 nm. 

The reference was composed of 0.5 ml of un-

inoculated broth and 0.5 ml of CAS reagent. 

Siderophores content was calculated in an aliquot by 

using the following formula:  

siderophores (%) =
     

  
       

Where; Ar = absorbance of reference at 630 nm 

(CAS reagent) and 

As = absorbance of the sample at 630 nm (Sayyed et 

al., 2005). 

Determination of some phytohormones activities 

of Streptomyces isolates 

Indole acetic acid (IAA) determination 

The production of IAA by the isolates was 

determined according to Bano and Musarrat’s (2003) 

method. One ml of 1-2 X 10
8 

spore suspension 

inoculum was grown in Tryptone Yeast extract broth 

(ISP-1), containing 2 mg ml
-1

 Tryptophan as indole 

acetic acid precursors in a triplicate, then incubated at 

28°C for 14 days. After the incubation time, the 

isolated cells were collected by centrifugation at 

file:///C:/Users/Dr%20Mena/Desktop/سوزان/M&M%20%20%20susan/مصدر%20المراجع/27-%20Production%20of%20microbial%20iron%20chelators.pdf
file:///C:/Users/Dr%20Mena/Desktop/سوزان/M&M%20%20%20susan/مصدر%20المراجع/27-%20Production%20of%20microbial%20iron%20chelators.pdf
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10,000 rpm for 15 minutes. 1 ml of the supernatant 

was mixed with 2 ml of the Salkowski reagent (12g/l 

FeCl3, 7.9 M H2SO4) 1:1 (v/v) and incubated in the 

dark for 30 minutes (Glickmann and Dessaux, 1995). 

The pink color indicated IAA production. Optical 

density was read at 535 nm. The level of IAA 

production was estimated against the IAA standard 

(Chaiharn and Lumyong, 2011).  

Cytokinin determination 

Preparation of cultures for examination 

One ml of 1-2 X 10
8 

spore suspension inoculum was 

cultured in 250 ml Erlenmeyer flasks, each flask 

containing 50 ml of starch casein broth then 

incubated at 28°C for 14 days (Mansour et al., 1994; 

Patel et al., 2016). Cells were harvested by 

centrifugation at 10,000 rpm for 30 min, and the 

supernatant was used to analyze cytokinins according 

to the technique reported by Fletcher et al. (1982). 

Bioassay of Cytokinins  

The estimation is based on the technique of 

Fletcher and McCullagh (1971). The cytokinin 

content is determined by colorimetrically at 665 nm. 

The amount of cytokinin was calculated based on the 

cytokinin standard curve. 

Gibberellin determination 

One ml of 1-2 X 10
8
 the spore suspension was 

inoculated in ISP-4 broth and then incubated for 14 

days at 28 °C with shaking at 150 rpm. Gibberellins’ 

production potential of isolates was determined by 

the spectrophotometer using a simplified fluorometric 

method in a broth after the incubation period with 

GA3 as a reference (Candau et al., 1991; Mali et al., 

2011). About 0.2 ml aliquot of the culture medium 

was well mixed with 0.2 ml of ethanol (96%, v/v) and 

2 ml of a cooled mixture of equal volumes of sulfuric 

acid and 96% ethanol. After the mixture was 

incubated at 48° C for 30 min, the fluorescence 

emission at 464 nm was measured by a 

spectrophotometer (Reyes et al., 1992). 

Effect of Gamma rays on growth and activities of 

Streptomyces isolates 

The most effective and active isolates obtained were 

grown on an ISP-4 agar medium for 15 days until the 

sporulation stage. The spore count before irradiation 

was recorded ≈ 1 X 10
6
 CFU ml

-1
. The agar plate 

method was used for the irradiation treatment 

(Shirling and Gottlieb, 1966). Triplicates of plates 

were then exposed to increased doses of 
60

Co ɣ-rays 

(e.g., 5, 10, 15, and 20 Kgy) in the irradiation 

chamber of a gamma cell 220 equipment, Cyclotron 

project, Nuclear Research Center, Egyptian Atomic 

Energy Authority. The source of irradiation was 

cobalt-60 (
60

Co MC20, Russia). The average dose 

rate of this gamma radiation source was 600.515 

Gy/h at the time of the experiment (Choi et al., 2012; 

Sakr et al., 2013).  

Molecular characterization of efficient 

Streptomyces isolates  

The extracted DNA of the most efficacious 

Streptomyces isolates was identified by PCR, using 

16S rRNA gene sequences, at Sigma Scientific 

Services Co., Giza, Egypt. The universal primers 

were F- (5’-AGA GTT TGA TCC TGG CTC AG-

3’), R- (5’- GGT TAC CTT GTT ACG ACT T-3’). 

An automated thermal cycler (OmniGene 

thermocycler from Hybaid Ltd., Teddington, United 

Kingdom) was used. Amplification was performed 

with the following conditions: initial denaturation at 

94 ºC for 6 min followed by 35 cycles at 94 ºC for 

45s, 72 ºC for 1 min, and 5 min final extension at 72 

ºC. The sequencing data was analyzed 

by OligoAnalyzer 3.1 (Integrated DNA 

Technologies). Related sequences were identified 

using BLASTN programs in the GenBank (on the 

website: http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

Subsequently, the sequences were aligned online 

using BLASTN, version 2.5.1+ (on the website: 

http//blast.ncbi.nlm.nih.gov/Blast). The phylogenetic 

tree was built using the website: http://www.phylog 

eny.fr/simple_phylogeny.cgi, based on the Neighbor-

Joining method. 

3. Results and discussion 

Isolation and characterization of Streptomyces 

isolates 

Among the 250 isolates of Streptomyces obtained 

from different soil types and different governorates in 

Egypt, only 40 isolates had different growth rates, 

colors, and growth colony sizes, as shown in Table 1.  

https://www.idtdna.com/calc/analyzer
https://www.idtdna.com/calc/analyzer
http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.phylogeny.fr/simple_phylogeny.cgi
http://www.phylogeny.fr/simple_phylogeny.cgi
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Table1. Numbers of Streptomyces isolates from different locations in Egypt 

Sample 

number 

Type of Sam-

ple 

Collected 

from 

Number 

of isolates 

Aerial mass color of 

growth on ISP-4 medi-

um 

Colony Diameter* Isolate code 

1 Soil 

Cold lakelet 

bottom, Siwa 

Oasis 

3 grey and pinkish Small and Medium 1A, 1B, 1C 

2 Soil 
Wahed well, 

Siwa Oasis 
22 

White, grey, Whitish 

grey, deep grey, pale 

yellow, and yellow 

Most colonies were 

small, to medium 

and only one was 

large 

2A,2B, 2C, 2D, 2E, 

2F, 2G, 2H, 2I, 2J, 

2K, 2L, 2M, 2N, 2O, 

2P, 2Q, 2R, 2S, 2T, 

2U, 2V 

3 
Clay bean’s 

rhizosphere 

Qalyubia 

Governorate 
2 grey-green Medium 3A, 3B 

4 
Clay pea’s 

rhizosphere 

Sharqiya 

Governorate 
5 White Small to medium 4A, 4B, 4C, 4D, 4E 

5 
Clay bean’s 

rhizosphere 

Monifia Gov-

ernorate 
4 

yellowish brown and 

grey 
Medium 5A, 5B, 5C, 5D 

6 Cow dung 
Sharqiya 

Governorate 
4 

Orange yellow, light 

purple and violet 
Small to medium 6A, 6B, 6C, 6D 

*Small less than 0.5 cm diameter, medium; between 0.5 to 1 cm diameter and Larger than 1 cm diameter. 

 

Biochemical and phytohormones activity of Strep-

tomyces isolates before the irradiation 

The activities of ZSE%, P-solubilization, sidero-

phores production%, IAA, cytokinin, and gibberellin 

of the obtained 40 isolates were studied, as shown in 

Table 2. The results of the ZSE % showed that 12 

isolates grew slowly on the medium used without a 

clear zone around (2A, 2O, 2Q, 2R, 2U, 4A, 4B, 4C, 

5A, 6A, 6C, and 6D). Also, about six isolates grew 

effectively on the medium used (1B, 2B, 2E, 2M, 2N, 

and 5B). However, there was no clear zinc solubiliza-

tion area around these isolates. An observed transpar-

ent area surrounded the 22 isolates. The highest zinc 

solubilization efficiency (ZSE %) of isolate 2L was 

203.2 % and isolates 2S, 2C, 2D, 4E, 2V and 3A 

were 183.8%, 181.5%, 178.6%, 162.96%, 157.1 % 

and 152.4 %, respectively. The lowest values of ZSE 

(%) were 120.5%, 116.0%, and 114.1% of isolates 

2P, 5C and 2H, respectively. Although the isolates 

grew on the medium, they did not solubilize ZnCO3, 

leading to negative results. El Sayed et al. (2011) 

studied the relationship between Streptomyces spp. 

and zinc concentration, showing that Streptomyces 

spp. has zinc solubilization ability in the medium and 

are the most tolerant species to high zinc concentra-

tions. For example, S. aureofacienes can absorb zinc 

with a concentration of up to 734.8 µg g
-1

 biomass. 

Choi et al. (2017) showed that high zinc conditions 

directly impact the transcription of the zitB gene that 

controls the utilization of Zn by Streptomyces. Ver-

ma et al. (2021) and Kushwaha et al. (2021) dis-

cussed the role of microorganisms during post-

harvest processing. They found that microorganisms 

mediate the modeling of micronutrient transporters 

and the disintegration of micronutrients from crops 

through one or more previous mechanisms. 

The phosphate solubility and release rate results 

show variation in the solubilization capacity. Conse-

quently, the isolates were divided into two groups. 

The first group contains 20 isolates and shows the 

lowest phosphate solubility, ranging from 0.06 (iso-

lates 2L and 2K) to 0.98 (isolate 2J). The second 

group contains 20 other phosphate soluble isolates, 

ranging from 1.01 with isolate 2C and maximum 

7.34 mg L
-1 

h
-1

 with isolate 2F, 6.97 mg L
-1 

h
-1

 with 

isolate 4B, 5.45 mg L
-1 

h
-1

 with isolate 6D, 5.43 mg 

L
-1 

h
-1

 with isolate 4E and 4.73 mg L
-1 

h
-1

 with isolate 

6A. According to Farhat et al. (2015), the main ex-

planation for the ability of certain Streptomyces spe-

cies to solubilize rock phosphate is due to their abil-

ity to secrete gluconic acid (GA) and the subsequent 

drop in pH. In addition, Faried et al. (2018) 

and  Chaiharn et al. (2018) isolated species of Strep-

tomyces genus capable of solubilizing inorganic 

phosphate on pikovskaya's modified agar medium. 

The mechanism of solubilization by organic acids is 

produced from the fermentation of sugars. 

On the other hand, ectomycorrhizal (ECM) fungi 

can also provide the available phosphorous indirect-

ly. It absorbs iron and prevents the formation of iron 

and phosphorous complexes in the soil, therefore 

both nutrients would be available to plant in soil. 

https://www.researchgate.net/profile/Mathurot_Chaiharn
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Table 2. The profile activities of the forty Streptomyces isolates. 

Isolates 

code 

zinc solubilization effi-

ciency (ZSE)% 

P-solubilizing 

releasing rate (mg 

L-1h-1) 

Siderophores% 

 

Indole acetic 

acid (IAA) µg 

ml-1 

Cytokinin by 

µg ml-1 

Gibberellins by 

µg ml-1 

1A 115.7 0.85 68 1.598 2.519 ND 

1B ND 0.95 77.3 1.176 2.734 ND 

1C 144.4 1.95 74 1.266 2.001 ND 

2A ND 0.47 77.5 1.902 2.582 ND 

2B ND 0.35 52.2 1.06 2.064 ND 

2C 181.5 1.01 74.8 1.566 2.09 ND 

2D 178.6 0.66 60.4 1.227 2.325 ND 

2E ND 1.70 68.1 1.565 1.702 ND 

2F 137.5 7.34 81.1 2.166 3.441 63.538 

2G 123.5 1.42 70.2 1.622 2.191 ND 

2H 114.1 1.42 68.5 1.158 1.782 ND 

2I 141.9 0.54 74.6 1.307 1.277 ND 

2J 147.5 0.98 66 1.163 2.216 ND 

2K 136.2 0.06 77.5 1.558 1.521 47.023 

2L 203.2 0.06 55 1.5 2.174 ND 

2M ND 0.22 77.2 1.16 2.149 46.361 

2N ND 0.63 64.3 1.323 2.241 47.098 

2O ND 2.14 75.5 1.166 1.555 48.311 

2P 120.5 0.35 69.1 1.293 1.185 ND 

2Q ND 2.81 67.6 1.037 1.976 ND 

2R ND 0.13 46 1.189 2.262 ND 

2S 183.8 1.07 71.2 1.711 2.081 47.932 

2T 125.0 0.16 70.2 1.451 1.176 ND 

2U ND 0.57 72.5 1.105 1.841 54.77 

2V 157.1 1.36 64.9 1.479 1.963 ND 

3A 152.4 0.22 76.7 1.242 0.991 48.689 

3B 128.6 0.95 69.1 1.292 2.136 ND 

4A ND 1.39 30.9 1.507 1.745 48.689 

4B ND 6.97 76 1.273 2.031 ND 

4C ND 2.52 75.7 1.192 2.384 ND 

4D 122.2 3.31 65 1.359 2.729 ND 

4E 162.96 5.43 73.3 1.83 2.978 43.917 

5A ND 0.13 72.6 1.262 0.911 62.598 

5B ND 1.80 72.3 1.151 1.698 ND 

5C 116.0 0.79 64.3 1.281 2.317 ND 

5D 127.8 0.43 65.9 1.134 2.485 ND 

6A ND 4.73 76.7 1.188 1.812 ND 

6B 149.21 2.36 80 1.92 2.854 45.886 

6C ND 1.13 82.2 1.143 2.443 ND 

6D ND 5.45 88.4 1.099 2.149 ND 

ND: Clear zone not detected 

This ECM adsorbs iron to prevent iron toxicity, 

especially in high-concentration Fe soils. These 

mechanisms include acidification, reduction of ferric 

to ferrous, and secretion of iron-chelating molecules 

(such as siderophores and melanin) (de Souza et al., 

2021). 

The siderophores production % results showed 

that all 40 Streptomyces isolates could grow on broth 

medium with different production levels, where the 

maximum activity was 88.4 % with isolate 6D, fol-

lowed by 82.2%, 81.1%, and 80% with isolates 6C, 

2F, and 6B, respectively. The lowest activity of iso-

late 4A was 30.9 %. In the liquid or solid media, the 

ability of numerous microorganisms to produce si-

derophores as secondary metabolites has been fully 

established. According to Dimkpa (2016), different 

siderophores classes have been identified, such as 

catecholate, hydroxamate, and mixed ligand sidero-

phores. The aim of the production is to transfer iron 

to microorganisms under iron-deficient conditions. 

Furthermore, this study also discussed the effect 

of pH on the type of siderophores produced by Strep-

tomyces spp. For example, in acidic soil, the hydrox-

amate siderophores are mainly produced by fungi and 

Streptomyces, forming ferric complexes. Moreover, 

both hydroxamate and catecholate siderophores are 
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mainly produced in neutral to alkaline soils. Similar-

ly, Kunova et al. (2016) and Vurukonda et al. 

(2018) summarized the role of siderophores produced 

by actinobacteria and other enzymes in nutrient min-

eralization and biocontrol activities. Amaresan et al. 

(2018) pointed out that Streptomyces species such as 

S. rochei, S. carpinensis, and S. thermolilacinus pro-

duce siderophores as potential plant growth promot-

ers and disease suppressors by limiting the iron con-

tent of the rhizosphere. 

The highest IAA concentration is 2.166 µg ml
-1

 for 

isolate 2F, 1.92 µg ml
-1

 for isolate 6B, 1.902 µg ml
-1

 

for isolate 2A, 1.83 µg ml
-1

 for isolate 4E. In contrast, 

the lowest IAA concentration is 1.037 µg ml
-1

 for iso-

late 2Q. The results are consistent with those of Vijay-

abharathi et al. (2016), who reported a high produc-

tion capacity of IAA by endophytic S. corroborates, 

which ranged between 2 and 12 μg ml
-1

. In the study of 

Shutsrirung et al. (2013), researchers reported that the 

average IAA yields of endophytes' six are as follows: 

Nocardia genera (3.36 μg ml
-1

), Nocardiopsis (140.38 

μg ml
-1

), Streptomyces (13.34 μg ml
-1

), Spirillospora 

(12.55 μg ml
-1

), Micromonospora (6.19 μg ml
-1

) and 

Microbispora (1.40 μg ml
-1

). Also, the range of IAA 

production in Nocardia genera was found to be from 

1.4 to 140.3 μg ml
-1

. 

Streptomyces isolates were found to potentially 

produce cytokinins in tremendous amounts except for 

5A and 3A isolates that produced cytokinin with con-

centrations of 0.911 and 0.991 µg ml
-1

, respectively. 

The general range of cytokinin secretion is 1.176 to 

3.441 µg ml
-1

. The highest cytokinin production was 

found in isolate 2F (3.441 µg ml
-1

), followed by iso-

late 4E (2.978 µg ml
-1

). Although the ecological role 

of bacterial cytokinins is still unclear, the study by 

Yang et al. (2006) indicated that the presence of cy-

tokinins in the medium of Streptomyces improved its 

antibiotic production and increased the inhibition 

capacity against plant pathogens. Likewise, the study 

by Olanrewaju et al. (2017) and Olanrewaju and 

Babalola (2019) proved that the production of anti-

biotics, volatile compounds, auxins, gibberellins, 

cytokinins, ethylene, and enzymes are parts of the 

mechanism of action of Streptomyces species in the 

rhizosphere of plants.  

The gibberellin results revealed that of the 40 

Streptomyces isolates, only 12 isolates could produce 

gibberellins, and the remaining 28 isolates have not 

been detected to produce. The highest gibberellin 

content recorded in isolate 2F was 63.538 µg ml
-1

, 

followed by isolates 5A and 2U, whose concentra-

tions were 62.598 and 54.770, µg ml
-1 

respectively. 

On the other hand, isolate 4E had the lowest gibberel-

lin production (43.917 µg ml
-1

). These results are 

consistent with the results of Patil and Patil (2012) 

and Gusmiaty et al. (2019), who showed that the 

gibberellin production capacity of some Streptomyces 

species in the growth medium does not have a signif-

icant average difference between the maximum and 

minimum values. 

Selecting the most effective isolates 

The high or moderate biochemical and phytohor-

mone production activities of Streptomyces isolates 

indicated that only isolates 2F, 4E, and 6B were asso-

ciated with the highest outcomes (Table 3). The iso-

late 2F has a superior P-solubilizing capacity (7.34 

mg L
-1

h
-1

), siderophores production (81.1%), IAA, 

cytokinin, and gibberellin production of 2.166, 3.441, 

and 63.538 µg ml
-1

, respectively. At the same time, 

the isolate 4E can solubilize zinc and phosphate at a 

moderate value. The isolate 6B has a good production 

activity of IAA, gibberellin, and cytokinin.  

Finally, the most effective isolates in studying ac-

tivities are 2F, 4E, and 6B isolates used for genetic 

identification.   

Table 3. Biochemical and phytohormones activity of the selected three Streptomyces isolates 

Phytohormones 

(µg ml-1) 
Biochemical Activities Isolates code 

gibberellin cytokinin IAA 
Siderophores 

(%) 

P-solubilizing releasing rate 

(mg L-1h-1) 

ZSE 

(%) 
 

63.538 3.441 2.166 81.1 7.34 137.5 2F 

43.917 2.978 1.83 73.3 5.43 162.96 4E 

45.886 2.854 1.92 80 2.36 149.21 6B 

 

Molecular identification of Streptomyces isolates 

The Molecular characteristics of the three most ef-

fective isolates were investigated by the 16S rRNA 

gene sequence analysis to ascertain their taxonomic 

positions. The sequences were analyzed 

by OligoAnalyzer 3.1 and identified using BLASTN 

programs in the GenBank (on the website: 

http://blast.ncbi.nlm.nih.gov/Blast.cgi). The phyloge-
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netic tree was constructed based on the neighbor-

hood-joining method and built using the website 

http://www.phylogeny.fr/simple_phylogeny.cgi.  

The 16S rRNA gene sequence of our Streptomyces 

species was obtained by BLASTN search; however, 

the strain of Streptomyces was selected based on high 

identity (%) with a good E value. The result shows 

that query sequences of 2F isolate were the best 

pairwise aligned with 16S rRNA gene sequence of 

Streptomyces alfalfae strain XY25 16S ribosomal 

RNA gene, partial sequence NR 147713.1, sequence 

similarity (86.16%), and E value of 0 (Fig. 1). The 

query sequences of 4E isolate were the best pairwise 

aligned with 16S rRNA gene sequence of Streptomy-

ces litmocidini strain NRRL B-3635 16S ribosomal 

RNA, partial sequence NR 116096.1, sequence simi-

larity (98.54%), and E value of 0 (Fig. 2). The query 

sequences of 6B isolate were best pairwise aligned 

with 16S rRNA gene sequence of Streptomyces ha-

waiiensis strain ISP 5042 16S ribosomal RNA, com-

plete sequence NR 114824.2, sequence similarity 

(97.66%), and E value of 0 (Fig. 3). 

Effect of Gamma rays on biochemical and phyto-

hormones activities of the three Streptomyces 

strains in Vitro 

The resistance of the three selected Streptomyces 

strains: S. alfalfae, S. hawaiiensis, and S. litmocidini 

to 5, 10, 15, and 20 KGy ɣ-rays have been investigat-

ed. All biochemical activities such as zinc solubiliza-

tion efficiency (%) (ZSE %), rock phosphate solubil-

izing efficiency (%), releasing rate, and quantitative 

estimation of siderophores were assessed. The phyto-

hormone production activities (IAA, cytokinin, and 

gibberellin) were estimated for each irradiation dose 

of the three strains of first and second generations 

Streptomyces (Table 4).  

Regarding ZSE%, S. alfalfae gives the highest 

value at all irradiation doses during the first and se-

cond generations. Also, compared to native strain, the 

ZSE% value of S. alfalfae was increased 1.94 times 

for 15KGy treatment in both first and second genera-

tions. As to S. litmocidini, ZSE% shows different 

effects by irradiation doses. In the first generation, 

the ZSE% increased by 1.84 times for 10 KGy and 

1.9 times at 20 KGy treatments. However, it de-

creased in the second generation. 

On the other hand, S. hawaiiensis ZSE% was in-

hibited by 5KGy treatment in the first and second 

generations. Although the ZSE% value of the first 

generation was maximized by 1.63 times under 20 

KGy treatment, other doses showed stable activity 

within average in the native strain. El Sayed et al. 

(2011) could explain the ability of some Streptomy-

ces species to solubilize zinc complexes in the plate 

diffusion method, which is due to the resistance of 

zinc as heavy metal and their ability to be uptaken 

into the viable cells. Kallifidas (2010) and Choi et 

al. (2017) mentioned that Streptomyces utilize Zn 

dominantly according to genetic status, especially 

direct transcription of the zitB gene by controlling 

gene expression at Zn high concentrations.  

Compared with the native strains, the phosphate 

solubilization rates of the first and second generations 

of the three Streptomyces strains were significantly 

reduced after irradiation with two exceptions of the S. 

alfalfae first generation for 15 KGy and S. litmocidini 

for 5 KGy. After irradiation, the highest P-

solubilization rate of S. alfalfae under 15 KGy was 

11.81 mg L
-1

h
-1

 in the 1
st
 generation, and it was se-

verely decreased by 294.6% in the 2
nd

 generation. 

Also, 5 KGy maximized the P-solubilization activity 

of S. litmocidini by 23% in the 1
st
 generation. How-

ever, it then decreased by 59.9% in the 2
nd

 generation 

with the same treatment. According to Aallam et al. 

(2021), actinomycetes species are microorganisms 

that convert insoluble phosphate into a soluble form 

to be accessible to plants. Likewise, it might be con-

sidered a novel kind of fertilizer beneficial for plant 

nutrition and more environmentally friendly than 

chemical fertilizers in current use. For example, 

Chouyia et al. (2020) found that Streptomyces roseo-

cinereus MS1B15 can increase soluble phosphate 

concentration in the liquid medium as the pH value 

decreases. The siderophores % production was de-

creased by all irradiation treatments for the first and 

second generations of S. hawaiiensis and S. litmo-

cidini strains.  

However, S. hawaiiensis with 5KGy for the se-

cond generation showed some stability. On the other 

hand, an increase in siderophores production was 

observed in the S. alfalfae first generation after 5KGy 

and 10KGy irradiation to be 97.6 % and 83.2%, re-

spectively. Nevertheless, it decreased to around 72% 

for the 2
nd

 generation with the 10KGy and 15KGy. 

Siderophores and other actinobacteria enzymes func-

tion in nutrient mineralization and biocontrol activi-

ties (Vurukonda et al., 2018). Therefore, the effect 

of ɣ-rays on the production of siderophores depends 

on the microorganism species, the type of medium, 
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and its carbon, nitrogen, and pH content after the 

growth during the irradiation treatment (Abdel Aziz 

et al. 2016). 

 

Table 4. Effect of Gamma rays on biochemical and phytohormones activities of the three Streptomyces 

strains in vitro. 

The activities 

Native 

Strain 

XY25 

Irradiated S. alfalfae strain XY25 

First-generation Second generation 

5KGy 10KGy 15KGy 20KGy 5KGy 10KGy 15KGy 20KGy 

ZSE % 137.5 179.4d 173.2e 266.7a 138.6f 184.4c 181.1c 266.7a 211.1b 

p-solubilizing rate (mgL-1h-1) 7.3 1.08n 6.14g 11.81a 1.80mn 0.21n 1.10fg 1.86b 0.43klm 

Siderophores % 81.1b 97.6a 83.2b 37d 2.0f 70.9c 72.4c 72.3c 32.4e 

IAA (µg ml-1) 2.2 1.83f 3.10b 2.3c 3.15b 2.24d 1.72h 1.51j 1.63i 

Cytokinin (µg ml-1) 3.4 2.10g 2.64e 4.96a 2.43f 2.43f 2.64e 4.96a 3.44b 

Gibberellin (µg ml-1) 63.5 11.69n 28.93l 50.38e 53.48d 68.96b 55.03c 73.82a 73.49a 

  Irradiated S. litmocidini strain NRRL B-3635 

ZSE % 162.96d 0.0f 300.0b 0.0f 309.1a 0.0f 144.4e 0.0f 166.7c 

p-solubilizing rate (mgL-1h-1) 2.43 2.99de 1.64hi 0.75lm 1.25jk 1.52c 1.23ef 0.47kl 0.82h 

Siderophores % 73.3a 42.7d 14.9f 48.9c 39.2e 48.3c 56.7b 56.2b 56.4b 

IAA (µg ml-1) 1.8 1.78g 3.58a 1.88e 1.36l 1.11o 0.95r 1.03p 1.04o 

Cytokinin (µg ml-1) 2.98 1.16f 1.35de 1.29e 1.37d 1.48c 1.37d 1.32de 1.54c 

Gibberellin (µg ml-1) 43.9 10.66o 24.75m 44.98gh 32.63j 42.1i 42.33i 28.69l 45.43gh 

  Irradiated S. hawaiiensis strain ISP 5042 

ZSE % 149.21c 0.0g 147.4cd 111.0f 242.86a 0.0g 155.6b 141.7e 144.4d 

p-solubilizing rate (mgL-1h-1) 2.36 0.30lm 0.85fg 0.63h 1.04cd 0.62ij 1.15fg 1.04g 1.54c 

Siderophores % 80.0a 6.6g 4.2h 52.4d 43.3e 79.3a 40.1f 56.0c 64.4b 

IAA (µg ml-1) 1.92 1.50k 1.613ij 1.071p 1.29m 0.97q 0.87s 1.16n 1.05o 

Cytokinin (µg ml-1) 2.85 1.55f 1.53f 1.97c 1.42g 1.42g 1.53f 1.97c 1.79de 

Gibberellin (µg ml-1) 45.89 42.71i 43.61h 49.75f 53.01d 35.13i 30.74k 50.43e 46.871g 

A column followed by the same letters is not significantly different at p= 0.05 when compared by the Duncan test. 

 

The effect of the irradiation doses on IAA produc-

tion (µg ml
-1

) was assessed on three selected Strep-

tomyces strains. The strain most affected by irradia-

tion is S. hawaiiensis. In the 1
st
 generation, IAA pro-

duction decline ranged from 16 to 44%. However, in 

the 2
nd

 generation, the decline ranged from 39.6% to 

54.7%. On the other hand, the 10KGy for S. litmo-

cidini showed duplication of IAA production (3.580 

µg ml
-1

). In 10, 15, and 20KGy for S. alfalfae, the 

production was increased by 43.21%, 6%m, and 

45.2%, respectively, compared with the native 

strains. The IAA production of the 2
nd

 generation 

showed a significant decrease. However, for S. alfal-

fae with 5KGy treatment, the production increased by 

1.02 times. The ability of Streptomyces species to 

resist the effects of radiation doses on growing cells 

and their activity enhancement may be due to evolu-

tionary development caused by environmental stress 

such as drought and high temperature (Mao et al., 

2007). Many studies have been conducted on the IAA 

production capacity of several Streptomyces species 

such as S. olivaceoviridis, S. rimosus, S. rochei, S. 

griseoviridis, and S. lydi (El-Tarabily, 2008 and 

Anwar et al., 2016). In fact, most actinobacteria pro-

duce IAA as secondary metabolites and sporulation 

substances, which increase the number of adventi-

tious roots and root exudates is in the rhizosphere 

(Glick, 2012, Duca et al., 2014, Nafis et al., 2019). 

The ability of three strains of Streptomyces to pro-

duce cytokinin is summarized as follows: after 15KG 

irradiation, the cytokinin production of S. alfalfae 

increased by 44.14% (from 3.441 to 4.960 µg ml
-1

) in 

the first and second generations. After the same strain 

was treated with 20KG, the production of cytokinin 

at the first generation decreased. However, the native 

production value was restored at the second genera-

tion. Although S. hawaiiensis and S. litmocidini 

strains are severely negatively affected by all radia-

tion doses, their activity is lower than the native 

strain. Cytokinin production in the Streptomyces ge-

nus was affected directly by ɣ-rays treatment because 

the production occurs during the hyphal extensions. 

Sousa and Olivares (2016) studied the genes con-

trolling cytokinin production, cell membrane pro-

teins, and septal peptidoglycan in Streptomyces spe-

cies. It was found that the direct effect of irradiation 

treatment on the Streptomyces division, growth, hy-

phal division involves the extension of the tip and 

sub-apical branches of the hyphae. 
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The radiation doses' data showed an adverse effect 

on the gibberellin production capacity of the 3 Strep-

tomyces strains. Therefore, the increasing rate shows 

low values ranging from 3.5% to 16.25%, in general. 

The optimal gibberellin production is associated with 

5, 15, and 20 KGy treatment of S. alfalfae 2
nd

 genera-

tion, 15KGy treatment of S. litmocidini, and S. ha-

waiiensis 1
st
 generations, 20KGy treatment of S. 

litmocidini 2
nd

 generation, and 15KGy treatment of S. 

hawaiiensis. Compared with the native strain, the 

maximum positive effect of irradiation on gibberellin 

production was observed in the 2
nd

 generation of S. 

alfalfae with 15KGy and 20Kgy treatments. These 

differences in the effect of irradiation on the gibberel-

lins' productivity in microorganisms can be explained 

by several factors: radiation exposure rate and time, 

direct radiation exposure, and the resistance of the 

microorganism, which depend on the type of micro-

organism and the temperature (Silva Aquino 2012).  

Eventually, it can be concluded that the S. alfalfae 

strain XY25 shows a decent phytohormones produc-

tion level, such as native growth and irradiated strain, 

besides its resistance for radiation, where it can grow 

after irradiation and showed stability or increasing in 

its biological activities. The irradiation dose of 

15KGy significantly improved the activity of the first 

generation and sometimes the second generation. 

Some studies explain the mode of action of ɣ rays. 

The resistance of Streptomyces alfalfae strain XY25 

to high radiation doses is due to its ability to grow in 

the presence of 0-10% NaCl (She et al., 2016). For 

example, in S. albaduncus and S. erythogresius, ɣ-

irradiation treatment increases cellular RNA, some 

doses increase cellular DNA, and others reduce cellu-

lar DNA (Moussa et al., 2005). El Shobaky et al. 

(2014) and Ibrahim et al. (2017) studied the effects 

of higher doses of radiation on enhancing antimicro-

bial activity, pigmentation, melanin production, utili-

zation of carbon sources in both first and second gen-

erations. The impact of such high doses was shown to 

be positive effects. As well, Streptomyces spp. exhib-

its a high degree of genetic stability to gamma rays. 

However, more studies are needed to understand the 

behavior of Streptomyces and the effect of ɣ rays on 

it.  

In conclusion, the Streptomyces species can be 

considered as plant growth-promoting bacteria. They 

can effectively solubilize zinc and rock phosphate 

and have siderophores, IAA, cytokinin, and gibberel-

lin production capacity at high levels. The identifica-

tion results showed that the strains obtained were: 

Streptomyces alfalfae strain XY25, Streptomyces 

litmocidini strain NRRL B-3635 and Streptomyces 

hawaiiensis strain ISP 5042. The first obtained strain, 

Streptomyces alfalfae strain XY25, was found to have 

the highest P-solubilization efficiency, siderophores 

production, IAA, cytokinin, and gibberellin produc-

tion. In comparison, Streptomyces litmocidini strain 

NRRL B-3635 was found to have the highest ZSE% 

and high production of other PGP parameters. Final-

ly, Streptomyces hawaiiensis strain ISP 5042 showed 

moderate PGP activities. The high-energy Cobalt 60 

(
60

Co) electromagnetic ɣ-rays on the strains spores 

made the S. alfalfae strain XY25 more resistant to the 

irradiation treatments for first and second generations 

than the other two strains. Also, S. litmocidini strain 

NRRL B-3635 showed resistance to low irradiation 

doses for the first generation. The sensitive strain to 

irradiation is S. hawaiiensis strain ISP 5042. Finally, 

the S. alfalfae strain XY25, either irradiated or non-

irradiated, is recommended as plant growth-

promoting biofertilizers. 
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Fig. 1. Un-rooted neighbor-joining phylogenetic tree inferred from 16S rRNA gene sequences, showing the phylogenet-

ic position of Streptomyces alfalfae strain XY25 and the type strains of related taxa. The minimum-evolution and 

maximum-parsimony methods also recovered the branches. Supported values from neighbor-joining bootstrap-

ping are shown down the branches if. 50 %. Bar, 0.002 expected substitutions per site. 

 

 

Fig. 2. Un-rooted neighbor-joining phylogenetic tree inferred from 16S rRNA gene sequences, showing the phylogenet-

ic position of Streptomyces litmocidini strain NRRL B-3635 and the type strains of related taxa. The minimum-

evolution and maximum-parsimony methods also recovered the branches. Supported values from neighbor-

joining bootstrapping are shown down the branches if. 50 %. Bar, 0.002 expected substitutions per site. 

 

86.16% 
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Fig. 3. Un-rooted neighbor-joining phylogenetic tree inferred from 16S rRNA gene sequences, showing the phylogenet-

ic position of Streptomyces hawaiiensis strain ISP 5042 and the type strains of related taxa. The minimum-

evolution and maximum-parsimony methods also recovered the branches. Supported values from neighbor-

joining bootstrapping are shown down the branches if. 50 %. Bar, 0.002 expected substitutions per site. 
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