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ABSTRACT

This research was conducted to evaluate the inhibitory effect of endophytic
bacteria isolated from some common weeds of stone fruits orchards on Pseu-
domonas syringae pv. syringae (Pss). Weeds samples were collected from stone-
fruit orchards in the northwest of Iran during the year 2017-2019. Bacterial
strains were isolated from the plant samples using different culture media
then chloroform test was applied to evaluate the antagonistic properties of
bacterial isolates. Among 112 bacterial isolates, 34 strains showed inhibitory
effects against Pss. Subsequently, three isolates with higher inhibitory capa-
bility were selected for supplementary assay. 16s rDNA sequencing results
indicated that the selected endophytic bacteria with 99% probability could
belong to Bacillus simplex, Bacillus mycodies, and Arthrobacter sp. Study of the
effective mechanisms of these three bacterial isolates showed that Bacillus
simplex with 181.76 mg/L auxin production had the highest auxin production
capability in comparison to the other species but in hydrogen cyanide pro-
duction assay, Bacillus mycoides were the only one which showed producing
hydrogen cyanide.
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1 Introduction
Biological control is used by applying beneficial
agents against harmful living organisms. Biologi-
cal control can be used in combination with other
control methods to reduce the consumption of used
pesticides. Among different biocontrol agents, endo-
phytic microorganisms can have significant compet-
itive potential to control pathogens. Many studies
have represented that most endophytic populations
are beneficial to plants and stimulate growth through
nitrogen fixation (Hurek et al., 1994; Azabou et al.,
2020). They cause biocontrol of plant pathogens in
the root, through the production of antifungal and
antibacterial agents, phytohormones and siderophore
production, food competition, systemic induction of
host resistance, or an increase in mineral availability
(Moslehi et al., 2021; Sturz and Nowak, 2000). The

effect of endophytes as biocontrol agents depends
on many factors, some of which are host characteris-
tics, population dynamics, host colonization pattern,
the capability of moving into the host and capability
of having systemic induction (Backman and Sikora,
2008; de Almeida Lopes et al., 2018). Bacterial canker
disease caused by Pseudomonas syringae pv. syringae
is one of the serious and limiting problems of stone
fruit trees (Sulikowska and Sobiczewski, 2008). Pseu-
domonas syringae pv. syringae can be pathogenic in
more than 180 plant species from different genera
(Bradbury, 1986) and can cause significant damage of
10 to 75% to stone fruit trees such as peach, nectarine,
plum, cherry, apricot, almond, and several diseases in
a variety of crops products (Agrios, 2005). Weeds in
stone fruits orchards can be a good source for finding
effective endophytes against this bacterium; previ-
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ous studies have shown that weeds in all types of
orchards are a rich source of a variety of biocontrol
agents such as endophytes. These endophytic mi-
croorganisms are collected from the same place and
with the same growth conditions, so they have the
ability to establish and stabilize on the surrounding
trees (Duman and Soylu, 2019). This study was con-
ducted, to evaluate the efficiency of endophytic bacte-
ria isolated from weeds in control of bacterial canker
disease of stone fruit trees in laboratory conditions

2 Materials and Methods

2.1 Sampling and isolating endophytic
bacteria

During the years 2017-2019, weeds samples were ran-
domly collected from stone-fruit orchards in north-
western Iran. In total five different weed species
were totally collected and selected to isolate en-
dophytic bacteria, including Malva sylvestris, So-
foraalo pecuroides, Trifolium repens, Plantago major and
Chenopodium album. Different parts of weed plants in-
cluding root, stem and leaves were divided into small
pieces and washed under tap water. After disinfec-
tion, the disinfected tissues were divided into small
pieces and dried under a laminar hood airflow and
placed at different culture mediums such as casein
agar, king-b and nutrient agar with 0.3% sucrose in
addition to 50 mg/L nystatin and 200 mg/L strepto-
mycin and were kept at 28 °C for one week to one
month (Gholami et al., 2014, 2013; Schaad et al., 2001).

2.2 Evaluating antibacterial activity of
isolates

In order to evaluate the antagonistic effect of bacte-
rial isolates, chloroform test was applied using Kho-
dakaramian and Zafari (2010) methods with some
modification. To determine the inhibitory of endo-
phytic bacteria in vitro, the bacteria strains were cul-
tured on NA culture medium in a completely random-
ized design with three replications. Then, the colony
of antagonistic bacteria cultured by an ethanol 96%-
imbibed sterile cotton was removed from the culture
medium and three drops of chloroform were poured
into each Petri dish and the Petri dishes were kept up-
side down for 20 minutes. Pss suspension was then
cultured in Petri dishes and stored at 28 °C for 48-72
hours the inhibition zone of each bacterial strain was
measured. The obtained data were used in a statisti-
cal form, they were analyzed and finally, they were
evaluated between the maximum and minimum inhi-
bition degree and some representatives were selected
among them. In the control sample, sterile distilled
water was used instead of antagonistic bacteria or
suspension of pathogenic bacteria.

2.3 DNA extraction and PCR

For extracting DNA, the bacteria were transferred
to a micro-tube containing 600 µL of lysing buffer
(Tris 1 M, pH = 7.5; NaCl 5 M; EDTA 0.5 M, pH =
8; SDS = 2%) (Vasebi et al., 2019). The microtubes
were first immersed in liquid nitrogen and immedi-
ately transferred to a bain-marie at 65 °C and then
vortexed (this was repeated for 7 times). After adding
another 300 µL of the lysing buffer, the microtubes
were centrifuged in a centrifuge at 12000 g, 10 °C
for 10 minutes. The supernatant was removed and
chloroform-isoamyl (1:24) solution was added accord-
ing to its equal volume and then, it was centrifuged
at 12000 g, 10 °C for 10 minutes. The supernatant was
transferred to a new microtube and cold isopropanol
was added according to its equal volume and kept
in the freezer at −20 °C for one night and then cen-
trifuged again at 12000 g, 10 °C for 10 minutes, and
the plate was washed with 300 µL of alcohol 70%
and then, it was centrifuged at 1200 g, 10 °C for 10
minutes. 50 µL of deionized water was added to
the resulting sediment and kept in a freezer at −20
°C. PCR was performed using universal primer 8F
(5’ TAGAGTTTGATCCTGGCTCAG 3’) and 1492R (5’
GGTTACCTTGTTACGACTT 3’) with initial denatu-
ration at 94 °C for 5 minutes, denaturation at 94 °C
for 45 seconds, annealing at 48 °C for 45 seconds and
extension at 72 °C for 1 minute and 45 seconds with
35 cycles and consequently, the final extension at 72
°C for 5 minutes. PCR products were electrophoresed
then resulting bands were sent to Pishgam Co. for
sequencing. After obtaining the sequencing results,
cconsensus sequences generated from raw data files
belonging to forward and reverse primers were made
using MEGA-X software. In BLAST search, consen-
sus sequences were used as queries for finding high
similar subjects in GenBank database hosted by NCBI.
Subjects with the highest similarity were downloaded
and aligned with sequences generated in this study
with the Muscle software implemented in MEGA-X.
Phylogenetic analysis was performed using the UP-
GMA method implemented in MEGA-X.

2.4 Evaluating effective mechanisms in
antagonistic properties

Due to the significant rule of Auxin, Siderophore, and
hydrogen cyanide production in antagonistic proper-
ties of biocontrol agents, these three capabilities were
evaluated. In order to evaluate auxin production ca-
pacity, 50 µL of each strain was first transferred to
a 20 mL TSB medium with/without 50 mg/mL of
L-tryptophan and placed on a shaker for 72 hours.
These suspensions were centrifuged at 10,000 g for
15 minutes then 1 mL of the supernatant were mixed
with 4 mL of salkowski reagent (including 75 mL of
concentrated sulfuric acid, 250 mL of distilled water,
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and 7.5 mL of 0.5 M ferric chloride (FeCl3: 6H2O)).
The resulting mixture was kept at room temperature
for 20 minutes and then the absorption of light was
read at a wavelength of 535 nm using a spectropho-
tometer. IAA production by any strain was calculated
by comparing its light absorption with the standard
curve obtained at 0, 5, 10, 15, 20, 30, 50 mg/L of in-
doleacetic acid (Bent et al., 2001).

For Siderophore production assay, Fe-CAS solu-
tion was first prepared then this mixture was added
to 40 ml of distilled water containing 72.8 mg of
HDTMA (1.82 mg/L). The resulting dark blue so-
lution was autoclaved and cooled to 50 °C. Then, the
buffer solution (30.24 g PIPES in 750 mL of the saline
solution including 0.3 g of KH2PO4, 0.5 g of NaCl,
and 1 g of NH4Cl) was prepared and the pH of this
solution was adjusted to 6.8 and autoclaved. Then,
the reagent and buffer solutions were gently mixed
together and spread on the Petri dishes and after cool-
ing and freezing, a small hole was created in them
by a cork borer. The bacteria were cultured for 40
hours at 27 °C in the mentioned culture medium. The
bacterial suspension was centrifuged at 100 g for 10
minutes and the supernatant was removed and 50-70
µL of it was poured into the holes and the petri dishes
were kept at 27 °C for 8 hours then the diameter of
the orange halo around the hole was measured.

In the end, evaluation of the hydrogen cyanide
production was performed with the method de-
scribed by Hasanzadeh (1995) with some modifica-
tions. To do so, 100 µL of bacterial suspension was
spread on the NA culture medium. The reagent-
imbibed filter paper (with 2% of sodium carbonate
and 0.5% of picric acid) was placed inside the Petri
dish and was sealed with a parafilm tape to prevent
the escape of hydrogen cyanide. The Petri dishes
were stored upside down at 28 °C for one week. Ac-
cording to a color change in filter paper from initial
yellow (no production) to cream (low production),
orange (relatively low production), light brown (rela-
tively high production), and brick red (high produc-
tion), the amount of hydrogen cyanide production
was determined. Eventually, some biochemical tests
including Gram staining, OF test, catalase, citrate,
and starch hydrolysis tests were performed as supple-
mentary assays for detection of the isolates (Schaad
et al., 2001).

3 Results

A total of 112 bacterial strains were isolated from
different parts of collected weeds. Among 112 en-
dophytic bacterial isolates, 34 strains were showed
the inhibitory regions against Pss (Fig. 1). Among
these 34 isolates, only three isolates with the high-
est inhibition effect were chosen for further inves-
tigations. These three bacterial strains showed be-

tween 15-25 mm inhibition zone which were up to
50% higher than the other bacterial isolates. Results
demonstrated that in the inhibition degree of Pss
pathogenic bacterial growth, there is a significant dif-
ference between antagonistic isolates at a probability
level of 5% (Fig. 2).

Figure 1. Inhibitory halo of three selected endophytic
bacterial isolates against Pseudomonas
syringae pv. syringae using chloroform test

Figure 2. Mean inhibition zone diameter of
Pseudomonas syringae pv. syringae by three
selected endophytic bacterial strains
isolated from weeds of stone fruits
orchards in northwest of Iran

Polymerase chain reaction with universal
16srDNA primers 8F and 1492R formed a1500-bp
single band for three selected bacterial strains on the
agarose gel (Fig. 3).

The result analysis of 16S rDNA sequencing data
were done by MEGA-X software and their compari-
son to standard isolate sequencing in the GeneBank
(NCBI) after phylogenetic tree plotting represented
that the selected bacterial strains isolated from differ-
ent weed organs are probably similar to Bacillus and
Arthrobacter species (Fig. 4).
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Figure 3. Amplification of desired 1500-bp DNA
fragments using 8F and 1492R primers
from selected bacterial strains

The results of biochemical assays including aero-
bic and anaerobic tests, starch hydrolysis test, cata-
lase test, citrate and gram tests are presented in the
Table 1.

The results for evaluation of IAA production in-
dicated that all three selected bacterial isolates were
capable of producing auxin in TSB mediums both
with/without l-tryptophan. Nevertheless, the highest
auxin production was related to Bacillus simplex iso-
late, where the value was 181.759 mg/L that the cul-
ture medium was with the addition of L-tryptophan
bacteria and the lowest auxin production was related
to Bacillus mycodies isolate where the value was 27.696
mg/L that the culture medium was without the addi-
tion of l-tryptophan bacteria.

The results of this test represented that none of
the selected isolates were capable of inhibition in the
siderophore production test. To ensure the correct
performance of the assay, some EDTA was added to
the well-free medium as a positive control. After one
hour, the environment color changed from blue to
purple, which shows the great performance of this
work.

The results of hydrogen cyanide production rep-
resented that only Bacillus mycoides isolate was ca-
pable of producing hydrogen cyanide at a low level.
The amount of hydrogen cyanide production is deter-
mined by a color change in filter paper from initial
yellow (no production) to cream (low production),
orange (relatively low production), light brown (rela-
tively high production) and brick red (high produc-
tion). In order to final verification of the endophytic
bacteria identification, biochemical tests including
aerobic and anaerobic tests, starch hydrolysis test,
catalase test, citrate and gram tests were performed
that the outcomes of these tests are re-confirmed the
16srDNA sequencing.

4 Discussion

Studying the antagonistic capability of endophytic
bacterial strains against Pss, represented that the en-
dophytic bacteria have significant inhibitory capa-
bility. In similar study, Khodakaramian and Zafari
(2010) showed that antagonistic bacteria on Pectobac-
terium carotovorum can created a significant inhibi-
tion halo against Pectobacterim caratovorum that the
reason for this inhibition may be the production of
antibiotics and toxic metabolites, which are consid-
ered as biocontrol mechanisms. This feature has also
been observed in many other isolates investigated by
other researchers (Swadling and Jeffries, 1996; Du-
man and Soylu, 2019). Antagonistic bacteria use var-
ious mechanisms to control diseases. One of the re-
cently reported mechanisms is the neutralization of
pathogen secreted signals which play a role in the
host-pathogen interaction (Dong et al., 2004). Natu-
rally, the capability of producing these metabolites
and toxins without providing a negative effect on
other microorganisms and plant tissue, can be effec-
tive in controlling such a disease agent and prevent-
ing the disease progression. Some enzymes like pro-
teases and metabolites such as hydrogen cyanide are
considered as the most important compounds with
the antagonistic property of bacteria (Castric and Cas-
tric, 1983). In this investigation, a low level of hy-
drogen cyanide was observed in one of the strains,
which can be considered as one of the reasons for its
antagonistic properties. Shoda (2000) showed that
the Bacillus strains on the many plant species can
be considered as significant biocontrol options since
they have some properties like high-temperature tol-
erance, rapid growth in a liquid environment and
having a resistant state in the form of spore. In a
study, Popović et al. (2012) entitled as antagonistic
activity of the soil bacteria Pseudomonas and Bacillus
for controlling in vitro bacterial canker of stone fruits
(Pss), represented that these isolates were capable of
forming the inhibitory zones more than 10 mm.

Bacillus isolates can control the disease by pro-
ducing antibiotics (Asaka and Shoda, 1996; Liu et al.,
2007). These bacteria by producing growth stimu-
lants and hormones as well as plant stimulation to
absorb nutrients or the conversion of nutrients in
organic matters to absorbable materials (i.e. phos-
phorus) in addition to their antimicrobial effects (El-
Barougy et al., 2009). Keshavarz Zarjani et al. (2013)
reported that some strains of Bacillus megaterium and
Arthrobacter are capable of producing organic acids
and siderophores. Organic acids and siderophores
can play an important role for releasing some ele-
ments like potassium, iron and phosphorus. The
bacteria Bacillus and Arthrobacter can stimulate plant
growth. These bacteria have the capability of colo-
nizing the root surface and penetrating into the root
tissue and therefore, they can increase plant growth
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Table 1. Results of biochemical assays on selected endophytic bacterial strains isolated from the weeds of stone
fruits orchards

Isolate name Starch hydrolysis assay Gram staining Catalase assay OF assay Citrate assay

Bacillus mycoides − G+ + FA +
Bacillus simplex − G+ + FA +
Arthrobacter sp. + G+ + FA +

FA: Facultative anaerobic

Figure 4. UPGMA phylogenetic trees obtained from the 16s RNA gene sequence data of Bacillus mycoides,
Bacillus simplex and Arthrobacter sp. isolates
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Figure 5. Auxin production by three endophytic bacterial isolates in TSB medium a) without l-tryptophan, b)
with l-tryptophan

through various mechanisms (Dimkpa et al., 2009;
Kollakkodan et al., 2020). These mechanisms include
the plant access increment to nutrients (via nitrogen
fixation, phosphorus dissolution and siderophore
production), an increase in plant hormone produc-
tion (e.g. auxin, cytokinin, gibberellin), antibiotic
production, plant resistance increment against bi-
otic stresses through induced systemic resistance and
tolerance increment against abiotic environmental
stresses through induced systemic tolerance. The
outcomes of studying the antagonistic effects of bac-
teria used in this study represented that they have
a better potency in producing antibiotics. Many rhi-
zosphere bacteria contain a direct positive effect on
plant growth and can directly enhance plant health.
Reviewing resources demonstrated that the indole
acetic acid (IAA) production by beneficial bacteria
could accelerate the growth and development of its
host root system (Patten and Glick, 2002). Bacil-
lus bacteria can produce many antifungal proteins,
metabolites and enzymes such as fungi maysin, sur-
factin, protease, hydrogen cyanide, bacillin and toxin
maysin with antagonistic potency against pathogens
affecting the in-vitro and farm growth of pathogens
(Li et al., 2009; Panjehkeh et al., 2021; Trung et al.,
2021).

One of the most important biological control mech-
anisms of plant pathogens by PGPRs is the hydrogen
cyanide production (HCN) (DeCoste et al., 2010). Hy-
drogen cyanide of plants is produced as an accom-
panying material in the ethylene biosynthesis path-
way. In this reaction, the enzyme ACC Oxidase can
convert the compound 1- Aminocyclopropane-1- car-
boxylicacid to ethylene and HCN. Unlike ethylene
that almost all stress studies have addressed the role
of this hormone in opposing against the stress, the
hydrogen cyanide role as a by-product in the plant
ethylene production pathway, intracellular settings
in response to environmental stresses has rarely been

noticed. However, hydrogen cyanide along with ethy-
lene is produced equally and in response to biotic and
abiotic stresses of the plant. Hydrogen cyanide in the
plant is the amino acid precursor to asparagine and a
stimulant of ethylene production in plants in the non-
toxic concentrations (Oracz et al., 2008), in addition
to cyanide and pentose phosphate resistant airways
induction in plants (Bogatek and Lewak, 1991). In
the present research, only the bacterial isolate Bacil-
lus mycoides was capable of producing low level of
hydrogen cyanide.

5 Conclusion

The results of this study showed that there was in-
hibitory effect of antagonist isolates separated from
weeds and it can be used as an in vitro biocontrol
agent. However, further investigation of this hypothe-
sis required to prove the performance of these isolates
with the purpose of their application in the farm.
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izasyonu. Bitki Koruma Bülteni 59:59–69. doi:
10.16955/bitkorb.597214.

El-Barougy E, Awad NM, Turky AS, Hamed HA. 2009.
Antagonistic activity of selected strains of rhi-
zobacteria against Macrophomina phaseolina of
soybean plants. American-Eurasian Journal of
Agricultural and Environmental Science 5:337–
347.

Gholami M, Khakvar R, AliasgarZad N. 2013. Ap-
plication of endophytic bacteria for controlling
anthracnose disease (Colletotrichum lindemuthi-
anum) on bean plants. Archives Of Phytopathol-
ogy And Plant Protection 46:1831–1838. doi:
10.1080/03235408.2013.778477.

Gholami M, Khakvar R, Niknam G. 2014. Introduc-
tion of some new endophytic bacteria from Bacil-
lus and Streptomyces genera as successful biocon-
trol agents against Sclerotium rolfsii. Archives
Of Phytopathology And Plant Protection 47:122–
130. doi: 10.1080/03235408.2013.805043.

Hasanzadeh N. 1995. Principles and Methods of Plant
Bacteriology. First Edition. Islamic Azad Univer-
sity Scientific Publishing Center, Iran.

Hurek T, Reinhold-Hurek B, Montagu MV, Kellen-
berger E. 1994. Root colonization and sys-
temic spreading of azoarcus sp. strain BH72 in
grasses. Journal of Bacteriology 176:1913–1923.
doi: 10.1128/jb.176.7.1913-1923.1994.

Keshavarz Zarjani J, Aliasgharzad N, Oustan S,
Emadi M, Ahmadi A. 2013. Isolation and
characterization of potassium solubilizing bacte-
ria in some iranian soils. Archives of Agron-
omy and Soil Science 59:1713–1723. doi:
10.1080/03650340.2012.756977.

Khodakaramian G, Zafari D. 2010. Identification of
fluorescent pseudomonads isolated from potato
rhizospher and assessment of their antagonistic
activity towards Pectobacterium carotovorum un-
der field condition. Applied Entomology and
Phytopathology 77:1–18.

Kollakkodan N, Anith KN, Nysanth NS. 2020. En-
dophytic bacteria from Piper colubrinum sup-
press Phytophthora capsici infection in black

http://dx.doi.org/10.1016/b978-0-08-047378-9.50007-5
http://dx.doi.org/10.1016/b978-0-08-047378-9.50007-5
http://dx.doi.org/10.1128/aem.62.11.4081-4085.1996
http://dx.doi.org/10.1128/aem.62.11.4081-4085.1996
http://dx.doi.org/10.1016/j.biocontrol.2019.104168
http://dx.doi.org/10.1016/j.biocontrol.2019.104168
http://dx.doi.org/10.1016/j.biocontrol.2008.03.009
http://dx.doi.org/10.1016/j.biocontrol.2008.03.009
http://dx.doi.org/10.1139/w01-080
http://dx.doi.org/10.1034/j.1399-3054.1991.830314.x
http://dx.doi.org/10.1034/j.1399-3054.1991.830314.x
http://dx.doi.org/10.1128/aem.45.2.701-702.1983
http://dx.doi.org/10.1128/aem.45.2.701-702.1983
http://dx.doi.org/10.1111/jam.14041
http://dx.doi.org/10.1139/W10-080
http://dx.doi.org/10.1111/j.1365-3040.2009.02028.x
http://dx.doi.org/10.1128/aem.70.2.954-960.2004
http://dx.doi.org/10.1128/aem.70.2.954-960.2004
http://dx.doi.org/10.16955/bitkorb.597214
http://dx.doi.org/10.16955/bitkorb.597214
http://dx.doi.org/10.1080/03235408.2013.778477
http://dx.doi.org/10.1080/03235408.2013.778477
http://dx.doi.org/10.1080/03235408.2013.805043
http://dx.doi.org/10.1128/jb.176.7.1913-1923.1994
http://dx.doi.org/10.1080/03650340.2012.756977
http://dx.doi.org/10.1080/03650340.2012.756977


c© 2022 by the author(s). This work is
licensed under a Creative Commons.
Attribution-NonCommercial 4.0
International (CC BY-NC 4.0) License

The Official Journal of the
Farm to Fork Foundation
ISSN: 2518–2021 (print)
ISSN: 2415–4474 (electronic)
http://www.f2ffoundation.org/faa

Javadi-Dodaran et al. Fundam Appl Agric 7(2): 104–111, 2022 111

pepper (Piper nigrum L.) and improve plant
growth in the nursery. Archives of Phy-
topathology and Plant Protection 54:86–108. doi:
10.1080/03235408.2020.1818493.

Li J, Yang Q, hua Zhao L, mei Zhang S, xia Wang
Y, yu Zhao X. 2009. Purification and charac-
terization of a novel antifungal protein from
Bacillus subtilis strain B29. Journal of Zhe-
jiang University SCIENCE B 10:264–272. doi:
10.1631/jzus.b0820341.

Liu Y, Chen Z, Ng T, Zhang J, Zhou M, Song F, Lu
F, Liu Y. 2007. Bacisubin, an antifungal protein
with ribonuclease and hemagglutinating activi-
ties from Bacillus subtilis strain B-916. Peptides
28:553–559. doi: 10.1016/j.peptides.2006.10.009.

Moslehi S, Pourmehr S, Shirzad A, Khakvar R. 2021.
Potential of some endophytic bacteria in biolog-
ical control of root-knot nematode Meloidogyne
incognita. Egyptian Journal of Biological Pest
Control 31:1–11. doi: 10.1186/s41938-021-00396-
4.

Oracz K, El-Maarouf-Bouteau H, Bogatek R, Cor-
bineau F, Bailly C. 2008. Release of sun-
flower seed dormancy by cyanide: cross-talk
with ethylene signalling pathway. Journal
of Experimental Botany 59:2241–2251. doi:
10.1093/jxb/ern089.

Panjehkeh N, Saberyan A, Afshari Azad H, Salari
M. 2021. Biological control of Phoma lingam,
the causal agent of rapeseed blackleg by tricho-
derma and bacillussubtilis isolates. Iranian Jour-
nal of Plant Pathology 47:19–30.

Patten CL, Glick BR. 2002. Role of Pseudomonas
putida indoleacetic acid in development of the
host plant root system. Applied and Envi-
ronmental Microbiology 68:3795–3801. doi:
10.1128/aem.68.8.3795-3801.2002.
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