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Abstract

Background: Peganum harmala (locally known in Kyrgyzstan as adyrashman or ysyryk) is a
medicinal plant with a long history of traditional use in Kyrgyzstan, with references to its applications
preserved in the Manuscripts Fund of the National Academy of Sciences of the Kyrgyz Republic.
However, little is known about the rhizosphere-associated bacterial communities of this species. This
study examined P. harmala using an integrated microbiological and molecular approach to
characterize its rhizosphere bacteria and investigate their microbial diversity. Methods: P. harmala
plants were collected from the Kashka-Suu rural area of the Alamudun District, Chiy Region,
Kyrgyzstan. Rhizosphere-associated bacteria were isolated using standard microbiological techniques
and characterized by morphological and biochemical analyses. Microbial diversity was investigated
through 16S rRNA gene amplification, sequencing, and taxonomic identification. Results: The
analysis revealed the presence of bacterial genera including Pseudomonas, Stenotrophomonas, and
Paenarthrobacter, highlighting the diversity of microorganisms associated with the plant root
environment. These findings provide new insights into the bacterial communities associated with P.
harmala and establish a foundation for future investigations into plant—-microbe interactions and the
ecological roles of root-associated microorganisms. Conclusion: This study represents the first
characterization of the rhizosphere bacterial community associated with Peganum harmala in
Kyrgyzstan using 16S rRNA gene-based identification. The findings expand current knowledge of the
microbial diversity associated with this medicinal plant and provide a basis for future studies exploring
the ecological, agricultural, and biotechnological significance of its root-associated microorganisms.

Keywords: Genus Pseudomonas; Kyrgyzstan, Peganum harmala (Adyrashman), Rhizosphere
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Introduction

Peganum harmala, frequently referred to in Kyrgyzstan as adyrashman or ysyryk, stands as a globally
recognized medicinal herb with profound cultural, therapeutic, and ceremonial importance spanning
Central Asia, the Middle East, and the Mediterranean. For generations, local communities across
these territories have turned to P. harmala as a versatile healing resource, employing it to alleviate
pain, manage respiratory ailments, treat gastrointestinal issues, and address diverse inflammatory
conditions, alongside its traditional use in ritual cleansing and protective customs (Asgarpanah &
Ramezanloo, 2012; Mamedov et al., 2018). Its role in traditional medicine is particularly profound in
Central Asia, where it gained renewed attention during the COVID-19 pandemic as a potent antiviral
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herbal remedy utilized by local populations (Penkala-Gawecka, 2023). Ethnographic research
consistently indicates that P. harmala remains a cornerstone of traditional pharmacopeias, and
historical archives in Kyrgyzstan verify its application since the nomadic era, specifically regarding its
use as a fumigant, analgesic, and antiseptic agent.

This medicinal versatility is echoed in Traditional Chinese Medicine, where the plant is extensively
utilized and its therapeutic properties are rigorously documented (Li, 2024). Currently, P. harmala is
prescribed for muscle weakness, joint disorders, headaches, cough, and menstrual irregularities,
highlighting its sustained relevance across diverse medical systems. The phytochemical composition
of the plant is remarkably complex, featuring beta-carboline and quinazoline alkaloids, as well as
flavonoids, coumarins, and essential oils. Because P. harmala possesses a degree of inherent toxicity,
researchers have focused on isolating its alkaloids to harness their specific pharmacological benefits
for treating cancer, inflammation, and depression (Gokkaya et al., 2023). Recent chemical and
biological analyses have scrutinized peganine and deoxypeganine—the plant's primary alkaloids—
noting that peganine levels peak during the branching stage of growth, marking it as a promising
candidate for future pharmaceutical development (Khudoynazarova et al., 2025). Furthermore,
harmaline and harmine have been successfully isolated from the seeds, providing high-purity
compounds for biochemical and pharmacological research (El Fissi et al., 2025).

Experimental data from pharmacological trials reinforce these observations, with seed extracts
showing analgesic efficacy on par with substances like aspirin and morphine (Kogak & Sahin, 2009).
Nevertheless, the safety margin for therapeutic use is quite narrow; studies on animal models
involving seed decoctions demonstrated that while testosterone levels were unaffected, higher
concentrations led to a rise in sperm morphology abnormalities (Alghoul et al., 2025). Beyond
analgesia, purified fractions show antimicrobial effects against Staphylococcus aureus and
Escherichia coli (Borde et al., 2013). More recent molecular studies provide mechanistic explanations
for these neurotropic actions, demonstrating strong binding affinities between harmine derivatives and
several neural receptor systems, including serotonin 5-HT2C, dopamine D2, and monoamine oxidase
A and B (Doskaliyev et al., 2021).

While the field of phytochemistry is largely established, the ecological and microbiological elements
governing P. harmala are becoming a significant new frontier of inquiry. Recent investigations into the
stems of P. harmala have isolated six endophytic bacteria that demonstrate strong antifungal activity,
phosphate solubilization, and nutrient secretion, suggesting their potential as bio-fertilizers in
agriculture (Babar et al., 2025). Moreover, since P. harmala is a xerophytic plant, it has been identified
as a significant host for drought-resistant endophytic bacteria, which may be a key factor in its
resilience in arid environments (Mukhtorova et al., 2024).

This study addresses the gap in current literature by moving beyond the plant acting in isolation and
viewing P. harmala as a complex plant—microbe system. By merging microbiological assessments of
rhizosphere bacterial structures with 16S rRNA sequencing and historical-ethnographic data from the
From the Manuscripts Fund of the National Academy of Sciences of the Kyrgyz Republic, this work
presents a unique perspective on the microbial diversity associated with a medicinal plant. The
isolation and identification of bacterial genera such as Pseudomonas, Stenotrophomonas, and
Paenarthrobacter provide valuable insights into the composition and diversity of root-associated
microbial communities. By applying microbiological approaches, this study contributes to a better
understanding of plant-associated bacteria and their ecological relationships with medicinal plants,
providing a foundation for future investigations into their roles in plant—-microbe interactions.

Materials and Methods

Plant Sample Collection

Peganum harmala samples were collected in accordance with standardized methodologies
established for rhizosphere-associated microbial community studies (Bulgarelli et al., 2013; Compant
et al.,, 2010; Lundberg et al., 2012) during May 2025 from the Chui region of Kyrgyzstan. The species
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was identified by botanist M. Ganybaeva, Ph.D. (Candidate of Biological Sciences) using the
taxonomic keys described in Flora of the Kirghiz SSR, Vol. 7, and was further verified in the
Plantarium database (https://www.plantarium.ru). A voucher specimen KG-PH-001 has been
deposited in the Botany Laboratory of the National Academy of Sciences of the Kyrgyz Republic.

Bacterial Isolation Procedures

Following field collection, plant samples were immediately placed in sterile collection bags and
transported to the laboratory within 24 hours to ensure microbial viability for subsequent isolation
procedures. The sampling site was at an altitude of 1,296 meters above sea level. Plants were
carefully excavated, and loosely adherent bulk soil was removed through gentle agitation. Root
systems were subsequently sectioned longitudinally using sterile instruments (Doolotkeldieva &
Bobusheva, 2016). Root segments measuring 2-3 cm in length were aseptically excised and
transferred into sterile 50 mL conical tubes containing 25 mL of sterile phosphate-buffered saline
(PBS, pH 7.2).

Sample suspensions underwent mechanical agitation via vortex mixing for 10 minutes to facilitate the
detachment of tightly adherent rhizobacteria (Lundberg et al., 2012). The resultant bacterial
suspensions were subjected to serial decimal dilutions up to 107¢, and 100 yL aliquots were plated
onto Luria-Bertani (LB) agar medium using the spread plate technique. Inoculated plates were
incubated at 28°C for 48—72 hours under aerobic conditions. Individual colonies exhibiting distinct
morphological characteristics were selected and purified through successive streak plate isolation
until pure cultures were established.

The Phenotypic Characterization of Bacteria

The phenotypic characterization of bacterial isolates was carried out following the biochemical
approaches outlined in Bergey’s Manual of Systematic Bacteriology (Krieg et al., 2010). Preliminary
identification of plant growth-promoting rhizobacteria (PGPR) was based on morphological traits. After
24 h of incubation on peptone agar at 30°C, purified colonies were examined for colony morphology,
including pigmentation, form, size, surface characteristics, opacity, and texture. Cellular features, such
as shape, dimensions, and division patterns, were further assessed using light microscopy.

DNA Extraction and PCR Analysis

For genetic characterization, genomic DNA was extracted from bacterial log phase liquid cultures
grown overnight at 27°C in LB medium using the DNeasy Blood and Tissue kit (Qiagen) according to
the standard protocol as provided by the manufacturer. The 16S rRNA gene was amplified using
universal bacterial primers 27F (5-AGAGTTTGATCMTGGCTCAG-3') and 1492R (5'-
TACGGYTACCTTGTTACGACTT-3'), as originally described by Weisburg et al. (1991). PCR
reactions were carried out in 25 uL volumes containing 12.5 yL of 2x PCR Master Mix (Thermo Fisher
Scientific), 1 yL of each primer (10 uyM), 1 yL template DNA (~50 ng), and nuclease-free water to
volume. The thermal cycling program consisted of an initial denaturation at 95°C for 3 min; 30 cycles
of denaturation at 95°C for 30 s, annealing at 55°C for 30 s, and extension at 72°C for 90 s; followed
by a final extension at 72°C for 10 min. PCR products were analyzed by electrophoresis on 1%
agarose gels stained with ethidium bromide and visualized under UV illumination. Sanger sequencing
was performed by Starseq (Mainz, Germany) using primers 16S rRNA 27F (5'-
AGAGTTTGATCMTGGCTCAG-3") and 1492R (5-TACGGYTACCTTGTTACGACTT-3') and raw
sequence data were combined into a single consensus sequence for each bacterial isolate using the
MEGA program version 6 (Tamura et al. 2013).

Results

Peganum harmala plants collected from the Chui region of Kyrgyzstan exhibited well-developed root
systems suitable for rhizosphere bacterial isolation (Figure 1). In our investigation, a total of 10
bacterial strains demonstrated robust growth on LB medium and on the King’s B agar surface (Figure
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2). Microorganisms associated with medicinal plants represent valuable sources to produce significant
bioactive metabolites.

a b
Figure 1: a: General View of the Field Showing the Growth of Peganum harmala; b: Individual Plant
of Peganum harmala with Rhizosphere

Figure 2: Colony Morphologies on King’s B Agar of Rhizosphere-Associated Bacteria Isolated from
Peganum harmala: (A) Pseudomonas cedrina (P1.1); (B) Stenotrophomonas sp. (P1.3); (C)
Paenarthrobacter aurescens (P1.4); (D) Pseudomonas salomonii (P1.5).
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Phylogenetic Identification Through 16S rRNA Gene Sequence Analysis

16S rRNA gene sequence analysis is a widely used molecular approach for the preliminary taxonomic
characterization of bacterial isolates from various environmental sources (Clarridge, 2004). In the
present study, this approach was applied to characterize plant growth-promoting rhizobacteria (PGPR)
isolated from the rhizosphere of Peganum harmala.

The bacterial isolates were subjected to PCR amplification of the 16S rRNA gene, and successful
amplification was confirmed by agarose gel electrophoresis, which showed clear PCR products for the
isolates analyzed (Figure 3). The obtained sequences were compared with available reference
sequences to determine their closest taxonomic affiliations.

Based on sequence similarity analysis, the isolates showed the highest similarity to members of the
genera Pseudomonas, Stenotrophomonas, and Paenarthrobacter. The most closely related reference
strains included Pseudomonas cedrina, Pseudomonas koreensis, Stenotrophomonas sp.,
Paenarthrobacter aureus, Pseudomonas salomonii, Pseudomonas sp., and Pseudomonas
fluorescens.

Since 16S rRNA gene sequence analysis may have limited resolution for discrimination between
closely related bacterial species, the obtained results are considered preliminary taxonomic
assignments. Further genomic analysis and comprehensive phylogenetic reconstruction would be
required for definitive species-level identification.

M P1.1 P12 P13 P14 P15 P16 P17 P2.1 P2.2

Figure 3: Agarose Gel Electrophoresis Confirming PCR Amplification of 16S rRNA Gene Fragments
from Bacterial Isolates

Discussion

Following standardized protocols, the isolated bacterial strains underwent a thorough morphological
and biochemical assessment. Key physical traits, such as cellular structure, colony topography,
pigmentation, and peripheral margins, were documented in accordance with the frameworks
established by Krieg et al. (2010). Gram differentiation was performed using the methodology of
Cappuccino and Sherman (2014) and further validated through the 3% KOH alkaline test (Halebian et
al., 1981; Dida et al., 2018).

Among the identified species, P. fluorescens stands out for its extensive use as a biological control
agent, consistently proving effective against damping-off diseases in various cereals and legumes
(Weller, 2007; Santoyo et al., 2012). Related species, including P. synxantha, P. salomonii, and P.
cedrina, share many morphological and physiological characteristics with P. fluorescens, although
they have not yet been as widely researched. Notably, P. cedrina demonstrates a unique ability to
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adapt to cold environments, emphasizing the remarkable ecological flexibility of this genus (Bossis et
al., 2000). Beyond Pseudomonas, the P. harmala rhizosphere was found to harbor
Stenotrophomonas and Paenarthrobacter. Stenotrophomonas spp. are Gram-negative, non-
fermentative rods recognized for their broad-spectrum antagonistic capabilities. While they may not be
traditional antibiotic producers, they synthesize extracellular enzymes like proteases and chitinases,
alongside volatile organic compounds that suppress competing microbes (Ryan et al., 2008). Their
ecological contribution is largely tied to competitive exclusion and colonization resistance, which
indirectly bolsters the plant's natural defenses. However, it is worth noting that certain strains, such as
S. maltophilia, are considered opportunistic pathogens, exhibiting multidrug resistance through
mechanisms like efflux pumps and biofilm development (Brooke, 2012).

Stenotrophomonas spp., much like the bacteria mentioned above, actively suppress the proliferation
of harmful fungi and bacteria within the soil and the plant’s immediate vicinity. This inhibitory effect
stems from their capacity to generate enzymes such as proteases and chitinases. Stenotrophomonas
spp. also releases Volatile Organic Compounds (VOCs) with antioxidant properties through the plant’s
scent, which serves to further impede microbial growth.

Paenarthrobacter nitroguajacolicus (formerly known as Arthrobacter nitroguajacolicus) is a Gram-
positive actinobacterium characterized by its diverse metabolic potential, specifically its ability to break
down nitroaromatic pollutants like 4-nitroguaiacol (Kotouckova et al., 2004). Certain PGPR strains
produce secondary metabolites that simultaneously protect plants from soil-borne pathogens and
enhance their growth under saline stress (Kumar et al., 2023). This dual functionality underscores its
potential for both environmental bioremediation and sustainable agricultural practices.

Pseudomonas fluorescens and Paenarthrobacter nitroguajacolicus function as beneficial soil-dwelling
organisms that curb the spread of pathogenic fungi and harmful bacteria around the plant’s root zone.
These characteristics - specifically their ability to neutralize fungal and bacterial threats - offer a
scientific explanation for why Peganum harmala (adyrashman) has been esteemed as a powerful
medicinal plant by local communities for centuries. Reinforcing this perspective, the Manuscript Fund
of the National Academy of Sciences of the Kyrgyz Republic maintains archival records from Soviet
researchers (1946-1990), which include numerous oral accounts describing adyrashman as an
effective treatment for various ailments related to swelling and inflammation.

This perennial herb thrives in diverse habitats, including sun-drenched slopes, saline valleys,
residential yards, and wasteland areas. It is characterized by highly branched stems reaching up to 25
cm, narrow foliage, and white or yellowish blossoms, all supported by an extensive vertical root
system. Locally, it is frequently referred to as ysyryk. The plant typically emerges in May, enters its
flowering stage in July, and produces fruit by August. Its fruit takes the form of a globular capsule
containing seeds that mature into a deep brown hue. Notably, livestock generally refrain from grazing
on the plant due to its chemical properties.

According to archival records, the Kyrgyz nomads—whose primary means of transport was the
horse—faced frequent problems of joint swelling due to the harsh mountainous terrain, where horses
were constantly ridden, loaded with heavy burdens, and driven over long distances. This specific
condition, a swelling of the knees known as Buba disease, was traditionally managed using
adyrashman. Specifically, the fruits, leaves, and stems of the plant were crushed, ground, and boiled
in water. The horse’s swollen leg was exposed to the steam of this boiling mixture for about half an
hour, then wrapped warmly, after which the swelling subsided (Tligelov, 1946: 17).

Many inflammatory conditions and swellings are associated with complex biological processes,
including microbial interactions. The traditional use of adyrashman highlights its importance as a
medicinal plant; however, the contribution of its associated microbial communities to these properties
requires further investigation.

Collectively, the bacterial isolates from the rhizosphere of P. harmala demonstrate diverse
antagonistic mechanisms, with Pseudomonas spp. serving as the primary drivers of pathogen
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suppression, while Stenofrophomonas and Paenarthrobacter contribute complementary functions
through enzymatic degradation, volatile-mediated inhibition, and stress-adaptive interactions. These
microbial consortia not only enhance the resilience of P. harmala but also represent valuable
reservoirs of novel antimicrobial compounds with applications in agriculture, environmental
biotechnology, and natural product discovery.

Our results indicated that Pseudomonas genus was the dominant group in this study based on 16S
rRNA gene sequence analysis. Five isolates were classified within the Proteobacteria class,
predominantly consisting of Pseudomonas. The presence of Pseudomonas as a common soil
inhabitant of plant, biocontrol agent and antimicrobial compound producer is already reported
(O’Sullivan & O’Gara, 1992).

The subsequent taxonomic identification based on partial 16S rRNA gene sequences revealed a
diverse array of bacterial groups spanning different genera. In the present study, it has been seen that
medicinal plants harbored a large fraction of potential bacteria similar as reported in previous studies
(Aravind et al., 2010). Secondary metabolite production is the phenomenon used by bacteria to
promote plant growth and defend against different soil pathogens (Dobbelaere et al., 2003). In
previous studies on medicinal plants, it has been seen that each plant harbors a specific kind of
bacterial population depending upon their alkaloids and secondary metabolites produced by
associated bacteria (Qi et al., 2012).

Regarding the ethnographic context, local communities are naturally unaware of the specific bacterial
isolates inhabiting the roots and rhizosphere of Peganum harmala, or the antagonistic properties
these microbes grant the plant. Instead, they have historically valued it as a holistic medicinal herb
used to treat a vast range of conditions. Oral accounts collected by Soviet researchers in Kyrgyzstan
between 1946 and 1990—now preserved in the Manuscripts Fund of the National Academy of
Sciences of the Kyrgyz Republic—include records dating back to pre-1930s nomadic Kyrgyz life.
These archives provide extensive inventories of folk medicine, in which the use of P. harmala is a
recurring and significant theme.

One illustrative example concerns horses, the primary means of transport and livelihood for Kyrgyz
nomads. Due to the mountainous terrain—where horses constantly bore riders, carried loads, and
travelled across long distances—the animals often developed swollen and painful knees. This
condition, known among nomads as Buba disease, was consistently treated with P. harmala.
Specifically, its fruits, leaves, and stems were crushed, finely chopped, and boiled in water. The
affected horse’s swollen legs were then exposed to the steam of this decoction for about half an hour,
after which the legs were wrapped warmly (Tugelov, 1946: 17). This treatment was traditionally
believed to alleviate the swelling effectively.

It is also possible that the swelling observed in horses’ knees resulted not only from physical strain but
also from exposure to cold following perspiration. In any case, it remains clear that in the traditional
therapeutic practices of Kyrgyz nomads, Peganum harmala was consistently employed as the
principal remedy for such inflammatory conditions (Miftakhov, 1946).

From a microbiological perspective, this traditional therapeutic practice can be reinterpreted by
considering the bacterial isolates present in the rhizosphere of Peganum harmala and the secondary
metabolites released by these microorganisms. It is highly plausible that the steam from decoctions
prepared with the plant carried such bioactive compounds, thereby contributing to the observed
therapeutic effects.

According to the same archival ethnographic records, livestock such as sheep, cattle, and horses
occasionally developed ulcers located above the tail, characterized by a distinct pale appearance.
The Kyrgyz referred to this condition as kddédyara (“pale sore”) and traditionally treated it with
Peganum harmala. In this practice, the fruits, leaves, and stems of the plant were crushed into a fine
mass and directly applied to the affected area (Tugelov, 1946: 18). In reality, Peganum harmala is
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neither consumed by humans nor by livestock; however, ethnographic narratives suggest that it is
regarded as a non-poisonous plant. One oral account describes the following:

“At one time, a thousand soldiers fell ill and halted in one place. Among them, a sick soldier picked a
single seed of Peganum harmala growing nearby, placed it in his mouth, and chewed it. Observing
this, another soldier took the dried stem of the plant, rolled it, and smoked it like tobacco. A third
soldier broke off a stalk and used it to clean his teeth. In this way, many of the soldiers used parts of
the plant, and all eventually recovered from their illness. For this reason, a saying spread among the
people that adyrashman is a cure for a thousand diseases” (Abdieva 2019).

While the aforementioned account may be categorized as a legend, it remains plausible that during
periods of warfare—when access to formal medical treatment was non-existent—soldiers may have
resorted to chewing Peganum harmala seeds or using its stalks for dental hygiene, despite the plant’s
inherent bitterness and pungent odor. Such practices could indeed have contributed to recovery from
infectious diseases, given the plant’'s association with rhizosphere-derived compounds possessing
both antibacterial and anti-fungal activity.

Further references within archival ethnographic materials shed light on additional medicinal
applications. One such record notes: “During the nomadic era, Kyrgyz communities occasionally
grazed their livestock along roadsides where Peganum harmala grew in abundance. Although the
animals never consumed the plant, it was believed that exposure to its potent aroma could shield
livestock from certain ailments” (Askarbek & Tulobayev, 2021). This observation can reasonably be
linked to the properties of Stenotrophomonas bacteria identified in the P. harmala rhizosphere.
Stenotrophomonas are Gram-negative, non-fermentative rods recognized for their broad-spectrum
antagonistic effects against competing microorganisms. While they may not produce traditional
antibiotics, they secrete enzymes such as proteases and chitinases, alongside Volatile Organic
Compounds (VOCs), which collectively inhibit the growth of pathogenic microbes.

The ethnographic observation regarding the “aroma of adyrashman” appears to align closely with the
biological activity of these VOC:s. It is highly probable that the volatile compounds emitted through the
plant’s metabolism functioned within the immediate environment to reduce the microbial load, thereby
exerting a natural sanitizing effect on the animals as they graze.

Furthermore, the volatile organic compounds (VOCs) associated with Stenofrophomonas bacteria
may be linked not only to Kyrgyz ethnographic accounts but also to broader cultural traditions across
Central Asia. In particular, this connection resonates with the deeply rooted ritual of burning Peganum
harmala during the celebration of Nowruz. Historically and into the present day, Central Asian
communities mark Nowruz in late March, symbolizing the end of winter and the rebirth of nature.
During this festival, it is customary for households to place dried juniper and Peganum harmala in a
vessel to smoulder, creating dense smoke. As the ritual is performed, the smoke is carried throughout
the home and courtyard with the belief that it cleanses the space of "bad odors, the evil eye, and ill
wishes.

While the element of spiritual belief is central to this ritual, when viewed from a microbiological
perspective, the practice of burning Peganum harmala may have fulfilled a genuine biological
function. The VOCs released during the smouldering of the dried plant act to inhibit the growth of
harmful airborne microorganisms, effectively sanitizing the domestic environment. This practice of
"purification" through fumigation was not exclusive to Nowruz; it remains a common feature of
everyday life in rural Kyrgyzstan today, bridging the gap between ancient tradition and microbial
defense.

The present study offers a comprehensive, interdisciplinary exploration of Peganum harmala and its
associated rhizosphere bacterial communities by merging rigorous microbiological analysis with
historical and ethnographic data.
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Limitations

First, this study was restricted to isolates from a single geographic site in the Chui region using 16S
rRNA gene sequencing, which may not fully capture the complete functional diversity or spatial
variability of the Peganum harmala rhizosphere microbiome. Second, while our interdisciplinary
approach links microbial profiles to ethnographic practices, the direct pharmacological mechanisms
and specific bioactive compounds responsible for these traditional therapeutic effects remain to be
empirically validated.

Future Scope

Future research should expand sampling across broader ecological zones and utilize multi-omics
platforms—such as metagenomics and metabolomics - to fully elucidate the functional traits of these
rhizobacteria. Additionally, targeted bioassays are needed to isolate active secondary metabolites,
thereby rigorously validating traditional fumigation and therapeutic applications for potential
agricultural and pharmaceutical use.

Conclusion

In conclusion, the present study demonstrates the phylogenetic diversity of potential bacteria from
medicinal plants. It appears that medicinal plants can be an important source of antagonistic bacteria
that confers many advantages to the host plant. Further investigations are required to study the
associated rhizospheric bacteria population of the host plant.
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