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A B S T R A C T   

This study reports the diversity of cultivable endophytic bacteria associated with yellow iris (Iris pseudacorus L.) 
by using 16S rRNA gene analysis and their plant beneficial traits. The 16S rRNA sequence similarities of 
endophytic bacteria isolated from the leaves and roots of yellow iris showed that the isolates belonged to the 
genera Staphylococcus, Streptomyces, Variovorax, Pantoea, Paenibacillus, Bacillus, Janthinobacterium, Enterobacter, 
Brevibacterium, Agrobacterium, Rhizobium, Xanthomonas translucens, and Pseudomonas. The endophytic bacteria 
Pseudomonas gessardii HRT18, Brevibacterium frigoritolerans HRT8, Streptomyces atratus HRT13, and Bacillus 
toyonensis HST13 exhibited antimicrobial activity against five plant pathogenic fungi Fusarium, Rhizoctonia, 
Botrytis, Pythium, and Alternaria. They also demonstrated the capability to produce chitinase, protease, glucanase, 
lipase, HCN, and indole-3-acetic acid (IAA). Thirteen isolates (46%) produced IAA, and the most active IAA 
producers were Bacillus cereus, Agrobacterium tumefaciens, Agrobacterium vitis, Bacillus megaterium, and Bacillus 
aryabhattai. The IAA producing bacterial isolates stimulated root and shoot growth of garden cress. Our findings 
suggest that medicinal plants could be a promising source for isolating plant-beneficial bacteria that can be used 
to enhance the growth and protect plants against soil-borne pathogens.   

1. Introduction 

Yellow iris (Iris pseudacorus L.) is a common perennial flowering 
plant cultivated in many regions of Europe, western Asia, and North 
America (Sutherland, 1990; Katharine, 2009). There are many reports 
about antimicrobial activity of different species of Iris: Iris pseudacorus 
(Ramtin et al., 2013), Iris germanica (Uzair et al., 2016), Iris nigricans 
(Al-Khateeb and Finjan, 2013), Iris planifolia (Chikhi et al., 2012), Iris 
pseudopumila (Rigano et al., 2006), Iris aitchisonii (Ajaib et al., 2013) etc. 
The methanolic, butanolic (Machalska-Gdak et al., 2009), and hydro-
alcoholic extracts (Tikhomirova et al., 2017) of Iris pseudacorus L. roots 
showed antimicrobial activity. It has also been observed that leaves and 
rhizomes of Iris pseudacorus accumulate mainly phenolic substances 
such as flavanoids, and isoflavonoids (Boland and Donnelly, 1998). The 
essential oils derived from Iris pseudacorus inhibited both gram-positive 
and gram-negative bacteria (Ramtin et al., 2014). Earlier, Tamilarasi 
et al. (2008) observed that the chemical composition of plant exudates 

affects the microbial activity associated with the plant. For example, the 
endophytic bacteria associated with medicinal plants with antimicrobial 
activity such as Matricaria chamomilla, Calendula officinalis and other 
medicinal plants exhibited higher antimicrobial properties (Köberl et al., 
2013, 2014; Rustamova et al., 2020). It assumed that endophytes colo-
nizing plant tissue play an important role in synthesizing of biologically 
active compounds and protecting plants from soil-borne disease (Cho 
et al., 2015). The diversity of endophytic microbes associated with 
medicinal plant species such as Aloe vera, Mentha arvensis, Dracaena 
cochinchinensis, Hedycium acuminatum, Armoracia rusticana, Hypericum 
perforatum and others, and their biological activity were reported 
(Salam et al., 2017; Hastuti et al., 2002; Egamberdieva et al., 2017, 
2020a; Shurigin et al. 2020a). The bacterial genera such as Aeromonas, 
Bacillus, Enterobacter, Chryseobacterium, Cronobacter, Klebsiella, 
Macrococcus, Pseudomonas, Pantoea, Providencia, Sphingobacterium, 
and Shigella were isolated from the root of Aloe vera, whereas Bacillus 
and Pseudomonas were identified as the dominant members of the 
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indigenous bacteria (Akinsanya et al., 2015). Many endophytic bacteria 
are known to improve fitness through the production of metabolites, e.g. 
Bacillus megaterium, Pseudomonas sp., and Acinetobacter calcoaceticus 
associated with Plectranthus tenuiflorus synthesized cell wall degrading 
enzymes and showed antagonistic activity against pathogenic microbes 
(El-Deeb et al., 2013). However, to date there are just a few studies on 
the endophytes of Iris pseudacorus plant. Calheiros et al. (2018) observed 
13 different bacterial genera associated with Iris pseudacorus, whereas 
Pseudomonas, Bacillus, and Rahnella were the most represented genera. 
Although several studies reported on the phytochemical constituents 
and biological activity of yellow iris (Iris pseudacorus L.), there have been 
no reports of plant-associated bacteria of yellow iris, and their plant 
beneficial properties. Here we report on endophytic bacteria associated 
with yellow iris from the natural reserve of Uzbekistan identified using 
16S rRNA gene analysis and their plant beneficial properties. The 
knowledge of the medicinal plant-associated endophytic bacteria and 
their physiological activities within plant tissue will help us understand 
endophytes’ role in plant development. 

2. Materials and Methods 

2.1. Plant collection and storage 

Iris pseudacorus L. was collected in 2017 from the undisturbed natural 
reserve area of Uzbekistan, which is considered unique with many 
endemic plant species. Six individual plants at a distance of 20-30 m 
were collected as a whole and stored in zip-lock plastic bags in a cold 
room. The plant material was identified in Department of Botany, Fac-
ulty of Biology, National University of Uzbekistan. The root system of 
plants was carefully separated from leaves, and soil attached to the roots 
was washed with sterile water. 

2.2. Isolation of endophytic bacteria 

Plant roots and leaves were sterilized with 99.9% ethanol and 10% 
NaClO, and rinsed several times in sterile distilled water (Coombs and 
Franco, 2003). 10 g fresh weight of root and leaves were macerated 
using a sterile mortar and transferred into plastic tubes with 9 ml sterile 
phosphate-buffered saline (Mora-Ruiz et al., 2015). A 100 µl aliquots 
from dilutions (101–105) were spread on Tryptic Soy Agar (TSA) (BD, 
Difco Laboratories, Detroit, USA) supplemented with nystatin 50 µg/ml, 
and plates were incubated for four days at 28◦C. The bacteria were 
isolated from different colonies and streaked on nutrient agar plates. The 
sterility of the root and leaves were tested, placing them onto agar 
plates. 

2.3. Identification of bacteria 

The heat treatment method used for extraction of DNA described by 
Dashti et al. (2009) and the existence of DNA was confirmed by hori-
zontal Gel electrophoresis and quantified with NanoDrop™ One (Ther-
moFisher Scientific). The 16S rRNA genes were amplified with PCR 
using the following primers: 16SF 5’-GAGTTTGATCCTGGCTCAG-3’ 
(Sigma-Aldrich, St. Louis, MO) and 16SR 5’-GAAAGGAGGTGATC-
CAGCC (Sigma-Aldrich, St. Louis, MO) (Shurigin et al., 2020b). More-
over, RFLP analysis of 16S rRNA products and digital gel imaging system 
(Gel-Doc XR TM+, Bio-Rad) were used to reduce siblings among bac-
terial isolates as described by Jinneman et al. (Jinneman et al., 1996). 
The PCR products were purified with the USB® ExoSAP-IT® PCR 
Product Cleanup Kit (Affymetrix, USB® Products, USA) and sequencing 
was performed using ABI PRISM BigDye 3.1 Terminator Cycle 
Sequencing Ready Reaction Kit (Applied Biosystems) according to the 
protocol of the manufacturer. The data were evaluated using Chromas 
(v. 2.6.5) software and EMBOSS Explorer (http://emboss.bioinformatics 
.nl/). The sequences were identified using the BLAST and comparisons 
with the GenBank nucleotide data bank from the National Centre for 

Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/). 
The 16S rRNA sequences were deposited to GenBank under the acces-
sion numbers MH197373 - MH197385 for root endophytes and 
MH197386 - MH197396 for leaves endophytes. The phylogenetic tree 
was constructed using ClustalX 2.1 software and that FASTA format file 
(Saitou and Nei, 1987). The optimal tree with the sum of branch length 
= 1.24404154 is shown (Felsenstein, 1985). The Maximum Composite 
Likelihood method (Tamura et al., 2004) and MEGA6 (Tamura et al., 
2013) were used for computing the evolutionary distances. 

2.4. In vitro screening for plant beneficial traits 

The bacterial isolates were tested for their antifungal activities 
against Alternaria alternata, Botrytis cinerea, Fusarium solani, F. culmorum, 
F. oxysporum, Pythium ultimum, and Rhizoctonia solani. The fungal 
pathogens were obtained from the Culture Collection of the National 
University of Uzbekistan. The cell-free supernatant was extracted from 
bacterial suspension incubated for 72 h in TSB medium by solvent 
extraction procedure using ethyl acetate (Elissawy et al., 2019). Plant 
extraction was performed using the Soxhlet apparatus described in 
Rojsanga et al. (2006). The yellow iris plants were dried at room tem-
perature and 10 g plant powder were extracted two times with 200 mL of 
80% aqueous ethanol solution at 80◦C, 2 h for each time. The extract was 
filtered, evaporated to dryness, and the residue was cooled in a desic-
cator for 30 min and then accurately weighed for analysis. The patho-
genic fungi were cultivated on peptone dextrose agar (PDA) medium at 
27◦С within 5-7 days. Agar disks with grown fungi were cut on small 
squares (with the side size 7 mm) and placed in the center of plates with 
fresh PDA medium. The plant extract and cell free suspension with en-
dophytes isolates were poured into agar wells. The plates incubated at 
27◦С until the fungi fully covered control plates without bacteria. The 
zone of inhibitions was estimated by measuring the diameter of zone 
between wells and fungal growth. 

The HCN production by bactetrial isolates were determined using 
sterile filter paper saturated with solution of 1% picric acid and 2% 
sodium carbonate placed to inner surface of Petri plate cover. Petri plate 
covered with parafilm and incubated at 27◦С for 3 days. The change of 
paper color from yellow to dark blue indicated on HCN release (Castric, 
1975). 

The siderophore production ability of bacterial isolates was 
measured by method of Schwyn and Neilands (1987). Protease secretion 
was revealed by growing isolates on TSA/20 amended with skimmed 
milk to a final concentration 5%. The halo appeared around colonies 
indicated the presence of extracellular protease (Brown and Foster, 
1970). The method described in Walsh et al. (1995) was used to deter-
mine β-1,3 glucanase production, and method of Malleswari and 
Bagyanarayana (2013) to determine chitinase production by bacterial 
isolates. The lipase activity of bacterial isolated was evaluated using the 
Tween lipase indicator assay (Howe and Ward, 1976). The production of 
IAA (indole 3-acetic acid) by endophytic isolates was studied using the 
method described by Bano and Musarrat (2003). The bacteria were 
grown in TSB medium for 72 h at 28◦C and mixed with 10 mM ortho-
phosphoric acid and 2 ml of Salkowski reagent. The IAA production was 
evaluated following pink color developed after 30 min and calculated by 
using a calibration curve of pure IAA as a standard. 

Garden cress (Lepidium sativum L.) was used as the model to deter-
mine the plant growth stimulation ability of bacterial inoculants. Seeds 
were sterilized with 5% sodium hypochlorite (NaClO) for 3 min and 
were rinsed with sterilized water. Sterilized seeds were germinated in 
sterile Petri dishes on one layer of filter paper moistened with 3 ml of 
distilled water at 26◦C. Bacterial isolates were cultured in a nutrient 
broth medium (Difco Lab, Detroit, MI, USA) for three days, and bacterial 
suspensions were adjusted to an optical density at 620 nm of 0.1 
(OD620 = 0.1). The germinated seeds were placed in the bacterial 
suspension with sterile forceps and shaken gently for 5 min. Twenty 
healthy and uniform germinated seeds were sown into each Petri plate 
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with three replications. Sterilized distilled water was used as a control 
treatment. After six days of incubation in a plant growth chamber at 
26◦C, the lengths of roots and shoots of the seedlings and fresh weight 
were measured and recorded. 

2.5. Data analyses 

All statistical analyses were performed by the open-source statistical 
language R (R Studio v1.4.1717, Boston, MA, USA). The analysis of 
variance between treatments were performed using Duncan’s test (LSD, 
P=0.05). The figures were plotted using the package “ggplot2”. The 
mean values of IAA production, antimicrobial activity, and the standard 
deviation were extracted for each observation. 

3. Results 

3.1. The isolation and identification of endophytic bacteria 

A total of 45 bacterial isolates were isolated from Iris pseudacorus L. 
plant tissues, and after eliminating siblings, only 13 isolates of endo-
phytic bacteria were left from roots and 11 isolates from leaves. The 16S 
rRNA gene sequences similarities of bacterial isolates with sequences 
from GenBank are shown in Table 1 (root endophytes) and Table 2 
(leaves endophytes). A phylogenetic tree using the Neighbor-Joining 
method was constructed, showing the closest relatives of the isolates 
(Fig. 1). Most bacteria were representatives of phyla Proteobacteria (10 
isolates) and Firmicutes (8 isolates). The third phylum Actinobacteria 
was represented by six isolates. Looking deeply into the systematics of 
the isolates, it should be noted that phyla Firmicutes includes classes 
Bacilli and Cocci. Class Bacilli in its turn contains genera Bacillus (Ba-
cillus cereus HRT1, Bacillus toyonensis HRT5, Bacillus toyonensis HST13, 
Bacillus megaterium HST16, and Bacillus aryabhattai HSN1) and Paeni-
bacillus (Paenibacillus lautus HST12, and Paenibacillus xylanexedens 

HST18). Class Cocci was represented by genus Staphylococcus (Staph-
ylococcus succinus HST1). 

Proteobacteria included representatives of classes Alphaproteobac-
teria (order Rhizobiales), Betaproteobacteria (order Burkholderiales) 
and Gammaproteobacteria (orders Pseudomonadales, Enterobacterales, 
and Xanthomonadales). Order Rhizibales includes isolates: Agro-
bacterium tumefaciens HRT9, Agrobacterium vitis HRT14, Rhizobium 
galegae HRT12, and Agrobacterium vitis HRT14. Order Burkholderiales 
contains isolates Janthinobacterium lividum HRT2, and Variovorax gin-
sengisoli HST9. Order Pseudomonadales contains isolate Pseudomonas 
gessardii HRT18. Order Enterobacterales include isolates of 2 families - 
Enterobacteriaceae (Enterobacter xiangfangensis HRT6), and Erwiniaceae 
(Pantoea ananatis HRN4, and Pantoea ananatis HST11). Order Xantho-
monadales represented by Xanthomonas translucens HRT15. 

Actinobacteria includes 2 genera – Brevibacterium (Brevibacterium 
frigoritolerans HRT8, Brevibacterium frigoritolerans HST10, and Brevi-
bacterium frigoritolerans HST17), and Streptomyces (Streptomyces atroo-
livaceus HRT11, Streptomyces mediolani HST2, and Streptomyces atratus 
HRT13). 

3.2. Plant beneficial traits 

The plant extract and cell-free suspensions of endophytic bacterial 
isolates were tested against plant pathogenic fungi Fusarium solani, F. 
culmorum, F. oxysporum, Botrytis cinerea, Pythium ultimum, Rhizoctonia 
solani, and Alternaria alternata (Table 3). 

Some bacterial isolates showed antifungal activity against wide 
spectrum of fungi. The isolate Pseudomonas gessardii HRT18 was active 
against all seven tested fungi. Three isolates Brevibacterium frigoritolerans 
HRT8, Streptomyces atratus HRT13, and Bacillus toyonensis HST13 were 
active against five fungi. Three isolates Bacillus cereus HRT1, Janthino-
bacterium lividum HRT2, and Streptomyces atroolivaceus HRT11 were 
active against four fungi. Four isolates Bacillus toyonensis HRT5, 

Table 1 
. 16S rRNA gene sequence similarities of endophytic bacteria isolated from root system of Iris pseudacorus L. with sequences registered in GenBank  

Bacterial isolates sequences deposited to GenBank Closest match (16S ribosomal RNA genes) (GenBank) 
Bacterial isolate Length (bp) Accession number Reference strains Accession number Percent identity 

HRT1 1465 MH197373 Bacillus cereus NR_115714.1 99 
HRT2 1446 MH197374 Janthinobacterium lividum NR_026365.1 98 
HRT5 1476 MH197375 Bacillus toyonensis NR_121761.1 99 
HRT6 1409 MH197376 Enterobacter xiangfangensis NR_126208.1 99 
HRT8 1466 MH197377 [Brevibacterium] frigoritolerans NR_117474.1 99 
HRT9 1409 MH197378 Agrobacterium tumefaciens NR_041396.1 99 
HRT11 1443 MH197379 Streptomyces atroolivaceus NR_112255.1 99 
HRT12 1401 MH197380 Rhizobium galegae NR_118990.1 97 
HRT13 1431 MH197381 Streptomyces atratus NR_043490.1 99 
HRT14 1401 MH197382 Agrobacterium vitis NR_036780.1 99 
HRT15 1464 MH197383 Xanthomonas translucens NR_036968.1 99 
HRT18 1462 MH197384 Pseudomonas gessardii NR_024928.1 99 
HRN4 1461 MH197385 Pantoea ananatis NR_026045.1 98  

Table 2 
16S rRNA gene sequence similarities of endophytic bacteria isolated from leaves of Iris pseudacorus L. with sequences registered in GenBank  

Bacterial isolates sequences deposited to GenBank Closest match (16S ribosomal RNA genes) (GenBank) 
Bacterial isolate Length (bp) Accession number Reference strains Accession number Percent identity 

HST1 1473 MH197386 Staphylococcus succinus NR_028667.1 99 
HST2 1451 MH197387 Streptomyces mediolani NR_112465.1 99 
HST9 1456 MH197388 Variovorax ginsengisoli NR_112562.1 99 
HST10 1474 MH197389 [Brevibacterium] frigoritolerans NR_115064.1 99 
HST11 1461 MH197390 Pantoea ananatis NR_026045.1 99 
HST12 1478 MH197391 Paenibacillus lautus NR_040882.1 99 
HST13 1468 MH197392 Bacillus toyonensis NR_121761.1 99 
HST16 1474 MH197393 Bacillus megaterium NR_117473.1 99 
HST17 1470 MH197394 [Brevibacterium] frigoritolerans NR_117474.1 99 
HST18 1470 MH197395 Paenibacillus xylanexedens NR_044524.1 99 
HSN1 1471 MH197396 Bacillus aryabhattai NR_115953.1 99  
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Streptomyces mediolani HST2, Paenibacillus lautus HST12, and Bacillus 
aryabhattai HSN1 were active against three tested fungi. Ten bacterial 
isolates did not have any antifungal activity. The Iris pseudacorus plant 
extract had antifungal activity against five out of seven tested fungi. 
Table 3 shows the traits possibly involved in biocontrol and/or plant 
growth-promoting activity of bacterial endophytes associated with Iris 
pseudacorus L. The bacterial isolates were tested for production of HCN, 
siderophores, cell wall degrading enzymes (lipase, protease, chitinase, 
and glucanase), and indole-3-acetic acid (IAA). Ten out of twenty four 
isolates produced HCN, fourteen isolates produced siderophores. Several 
bacterial isolates produced lipase, protease, chitinase, and glucanase 
(Table 3). 

Thirteen isolates (46%) produced phytohormone IAA. The most 
active IAA producers were Bacillus cereus HRT1 (7.8±0.2 µg/ml), 
Agrobacterium tumefaciens HRT9 (8.3±0.3 µg/ml), Agrobacterium vitis 
HRT14 (7.2±0.3 µg/ml), Bacillus megaterium HST16 (8.4±0.3 µg/ml), 
and Bacillus aryabhattai HSN1 (8.9±0.3 µg/ml). The bacterial isolate 
Pseudomonas gessardii HRT18 was positive for all specific PGPR traits. 

Bacterial isolates which showed one or more PGP traits were eval-
uated for their plant growth promoting properties. The IAA producing 
bacterial isolates B. cereus HRT1, B. toyonensis HRT5, P. gessardii HRT18, 
B. megaterium HST16, B. frigoritolerans HST10, S. succinus HST1, and 
B. aryabhattai HSN1 significantly stimulated root length by 6, 13, 26, 10, 
10, 14, and 18% compared to un-inoculated seedlings (Fig. 2a). The 

Fig. 1. Phylogenetic tree of bacteria endophytes isolated from Iris pseudacorus L. and their closest relatives from GenBank.  
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Table 3 
Traits possibly involved in biocontrol and/or plant growth-promoting activity of bacterial endophytes from Iris pseudacorus L.  

Strain Antagonistic activity against phytopathogenic fungi(cm) HCN Siderophores Production of exoenzymes 
F. solani F. culmorum F. oxysporum B. cinerea P. ultimum R. solani A. alternata Lipase Protease Chitinase Glucanase Production ofIAA (µg/ 

ml) 

Bacillus cereus HRT1 - - - 0.7±0.1 0.9±0.1 0.8±0.1 0.6±0.1 - + - + + + 7.8±0.2 
Janthinobacterium lividum HRT2 - - 1.1±0.1 1.2±0.2 - 1.0±0.1 0.7±0.1 + + - + + - - 
Bacillus toyonensis HRT5 1.1 

±0.2 
1.0±0.2 - - 0.9±0.1 - - + + - + - + 6.9±0.3 

Enterobacter xiangfangensis HRT6 - - - - - - - - - + - - - - 
Brevibacterium frigoritolerans 

HRT8 
0.9 
±0.1 

0.9±0.2 0.7±0.1 0.8±0.1 - - 0.6±0.1 + + - + + - - 

Agrobacterium tumefaciens HRT9 - - - - - - - - - - - - - 8.3±0.3 
Streptomyces atroolivaceus HRT11 0.7 

±0.1 
0.8±0.1 0.8±0.1 - - 0.7±0.1 - + + + + - + - 

Rhizobium galegae HRT12 - - - - - - - - - - - - - 6.5±0.2 
Streptomyces atratus HRT13 0.7 

±0.1 
0.7±0.1 - 0.8±0.1 1.0±0.1 0.6±0.1 - + + - + + - - 

Agrobacterium vitis HRT14 - - - - - - - - - - - - - 7.2±0.3 
Xanthomonas translucens HRT15 - - - - - - - - - - - - - - 
Pseudomonas gessardii HRT18 1.0 

±0.1 
1.1±0.1 1.0±0.2 0.9±0.1 0.9±0.2 1.0±0.2 0.8±0.1 + + + + + + 6.8±0.3 

Pantoea ananatis HRN4 - - - 0.8±0.1 - 0.7±0.1 - - + - + - + - 
Staphylococcus succinus HST1 - - - - - - - - - - - - - 5.5±0.2 
Streptomyces mediolani HST2 0.8 

±0.1 
0.9±0.1 0.7±0.1 - - - - - + + - + - - 

Variovorax ginsengi soli HST9 - - - - - - -  - - + - - - 
Brevibacterium frigoritolerans 

HST10 
- - - 0.8±0.1 0.9±0.1 - - + + - + - + 6.1±0.3 

Pantoea ananatis HST11 - - - - - - - - - - - - - - 
Paenibacillus lautus HST12 1.0 

±0.1 
- - - 0.8 ±0.1 - 0.7±0.1 + + + + + - 5.5±0.3 

Bacillus toyonensis HST13 0.6 
±0.1 

0.8±0.1 0.7±0.1 - - 0.6±0.1 0.5±0.1 + + + + + - - 

Bacillus megaterium HST16 - - - - - - - - - - + - - 8.4±0.3 
Brevibacterium frigoritolerans 

HST17 
- - - 0.7±0.1 - 0.9±0.1 - - + - + - + 5.4±0.3 

Paenibacillus xylanexedens HST18 - - - - - - - - - - + - - 4.5±0.2 
Bacillus aryabhattai HSN1 - - 0.8±0.1 - 0.7±0.1 0.9±0.1 - + + - + + - 8.9±0.3 
Plant extract 0.5 

±0.1 
0.4±0.1 0.4±0.1 - 0.4±0.1 0.5±0.1 - - - - - - - - 

“+” positive; “-” negative 
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bacterial isolates B. toyonensis HRT5, P. gessardii HRT18, 
B. frigoritolerans HST10, and S. succinus HST1 stimulated shoot length up 
to 9% (Fig. 2b). The seedling fresh weight was significantly stimulated 
by tested bacterial isolates except three isolates B. toyonensis HST13, 
B. toyonensis HRT5, and P. lautus HST12 (Fig. 2c). 

4. Discussion 

Plant endophytic bacteria have been reported to have an influence 
on plant growth promotion (Egamberdieva et al., 2017, 2020b; Musa 
et al., 2020; Shurigin et al., 2020a, 2022). 

To the best of our knowledge, this is the first report of endophytic 
bacteria associated with yellow iris (Iris pseudacorus L.) that proved 
plant beneficial properties. We have observed Bacillus species both in 
the roots and the leaves of the yellow iris. Hassan et al. (2018) observed 
auxin producing bacteria Bacillus cereus that stimulated wheat growth 
and development. Yanti et al. (2018) used different strains of Bacillus 
cereus, B. aryabhattai, and B. toyonensis in microbial consortium content, 
which reduced the development of disease caused by Ralstonia syzygii 
subsp. indonesiensis and promoted growth and yield of tomato. Xiang 
et al. (2017) reported Bacillus toyonensis which demonstrated antago-
nistic activity against Meloidogyne incognita – one of the most important 
plant-parasitic nematodes affecting cotton in USA. Lee et al. (2012) re-
ported the plant-beneficial traits of B. aryabhattai isolates. In another 
study Park et al. (2017) observed phytohormone producing 
B. aryabhattai, which significantly promoted the growth of soybean. 
Chinnaswamy et al. (2018) reported about nodule endophytic Bacillus 
megaterium strain NMp082 isolated from Medicago polymorpha enhanced 
growth and nodulation of Medicago spp. 

We have isolated two species of genus Paenibacillus - Paenibacillus 
lautus HST12 and Paenibacillus xylanexedens HST18 which exhibited 
plant beneficial traits such as nitrogen fixation, production of the 
phytohormone, siderophores, and phosphate solubilization. They can 
also protect plants from soil borne pathogens by triggering a hyper-
sensitive defensive response of a plant, known as induced systemic 
resistance (ISR) (Grady et al., 2016; Egamberdieva et al., 2019). Orhan 
(2016) reported that Staphylococcus succinus EN4 isolated from 
salt-affected soil significantly improved the growth of Triticum aestivum 
under salt stress (200 mM NaCl). Agrobacterium tumefaciens isolated 
from peach demonstrated ability to fix atmospheric nitrogen, phosphate 
solubilisation, production of auxin, and siderophores (Liaqat and Eltem, 
2016). The nitrogen-fixing symbionts, tumor producing Agrobacterium 
species are pathogenic and do not benefit the plant. In our study Jan-
thinobacterium lividum HRT2 was isolated from the root of yellow iris. 
Kumar et al. (2017) also identified Janthinobacterium lividum from the 
rhizosphere of Oxyria digyna and Saxifraga oppositifolia in three 
Arcto-Alpine regions. Koo et al. (2016) reported that bacteria belonging 
to Janthinobacterium spp. were adapted to cold and dry environments 
and exhibited strong antimicrobial activity. Bacteria Variovorax ginsen-
gisoli associated with yellow iris was also found in plant tissue of Panax 
ginseng (Im et al., 2010). 

Pantoea is widely distributed bacterial species found in coffee 
(Nunes and de Melo, 2006), and ginseng (Cho et al., 2007). Jiang et al. 
(2019) observed a strong inhibition of Ceratocytis fimbriata mycelium 
growth and spore germination, which cause potato black rot by Pantoea 
dispersa. 

We identified Xanthomonas translucens HRT15, which reported as 
plant pathogenic bacteria causing bacterial leaf streak (Pesce et al., 
2015; Falahi Charkhabi et al., 2017). Three bacterial isolates associated 
with Iris pseudacorus tissues belong to Brevibacterium frigrotolerans. 
Similar bacterial species were found in Aloe vera, which showed plant 
beneficial traits including phytohormone and siderophore production, 
and phosphate solubilization (Tara and Saharan, 2017). Streptomyces 
spp. have been reported for their ability to control plant pathogens and 
produce various antimicrobial compounds such as atramycin and 
hydrazidomycins (Ueberschaar et al., 2011; Vurukonda et al., 2018). 

Fig. 2. Root length (A), shoot length (B) and seedling fresh weight (C) of 
garden cress (Lepidium sativum L.) after bacterial inoculation. Letters within 
each column are significantly different at p < 0.05 based on Duncan’s test. 
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Our results showed that many bacterial isolates demonstrated antifungal 
properties against plant pathogenic fungi. The isolate Pseudomonas ges-
sardii HRT18 was active against all tested fungi and produced HCN, IAA, 
siderophores, and cell wall degrading enzymes such as lipase, protease, 
chitinase, and glucanase. Similar observation reported for plant growth 
stimulating bacteria Pseudomonas gessardii strain LHRE63 isolated from 
the endorhizosphere of wheat, which demonstrated plant beneficial 
traits including synthesis of siderophores, IAA, cellulase, and protease 
(Sharma et al., 2011). Co-inoculating PGPR Pseudomonas with Rhizo-
bium galegae bv. orientalis improved growth and symbiotic performance 
of fodder galega (Egamberdieva et al., 2010) through production of IAA 
and nitrogen fixation. 

The isolates Brevibacterium frigoritolerans HRT8, Streptomyces atratus 
HRT13, and Bacillus toyonensis HST13 were active against five out of 
seven tested pathogenic fungi and synthesized HCN, siderophores, and 
cell wall degrading enzymes. This statement was confirmed by the 
observation of Köberl et al. (2013) for endophytic bacteria isolated from 
the medicinal plants Matricaria chamomilla, and Calendula officinalis, 
which showed antifungal activities as their host plant. In another study 
the higher proportion of endophytic bacteria associated with Hypericum 
perforatum (Egamberdieva et al., 2017), and Chelidonium majus L. 
(Goryluk et al., 2009) demonstrated antifungal properties. 

Endophytes colonize inside healthy plant tissues, and provide ben-
efits for plant growth and protect them from soil borne pathogens 
through producing various secondary metabolites (Raj et al. 2021). For 
example, the endophytes B. subtilis and B. megaterium isolated from 
Sophora alopecuroides synthesized IAA, siderophores, and proved 
antagonistic activity was able to reduce verticillium wilt disease of 
cotton (Lin et al., 2013). In our study, endophytic bacteria that produce 
IAA or siderophores, stimulated seedling growth of garden cress. Mi-
crobial phytohormone IAA plays an important role in plant physiology, 
including cell division, and elongation, e.g. IAA producing Steno-
trophomona maltophilia stimulated growth of E. globulus root system 
(Asgher et al., 2015). In conclusion, we demonstrated the diversity of 
endophytic bacteria isolated from the roots and the leaves of the yellow 
iris (Iris pseudacorus L.), grown in arid soil in Uzbekistan, and revealed 
their plant beneficial traits. The isolates belong to the genera Staphy-
lococcus, Streptomyces, Variovorax, Pantoea, Paenibacillus, Bacillus, 
Janthinobacterium, Enterobacter, Brevibacterium, Agrobacterium, 
Rhizobium, Xanthomonas translucens, and Pseudomonas. The bacterial 
isolates associated with yellow iris possessed antifungal activity against 
plant pathogenic fungi and were able to synthesise cell wall degrading 
enzymes, phytohormone auxin, and siderohopres. Moreover, plant 
growth stimulation of garden cress was observed by bacterial inoculants. 
Our findings suggest that medicinal plants could be a promising source 
for isolating plant-beneficial bacteria that can be used to enhance the 
growth and protect plants against soil-borne pathogens. 
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