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Abstract
Endophytes are plant associated microorganisms that colonize the inner parts of the plants without causing disease
symptoms. The associations between endophyte microbiota and their host plants are diverse and complex. The load and
spectrum of endophytes varies with the host plant, host tissue and plant part, plant age and environmental conditions in
which host plants are growing. It is believed that only a small percent of endophytes can be cultivated, therefore
isolation and growth procedures are essential in endophyte harvesting. The plant surface disinfection procedures are
also important, as they eliminate the competition of rhizosphere and epiphyte microorganisms, while preserving the
viability of the endophyte community. The interest in improving endophyte harvest is mostly due to their beneficial
traits. Solid evidence revealed that endophytes are involved in plant growth promotion and protection against biotic
and abiotic stress. Beside the agricultural benefits, there are also aspects that involve environmental protection, where
endophyte microorganisms improve the phytoremediation process. The isolation of new endophytic strains could also
lead to new antibiotics detection. Therefore, endophytes are hunted for various biotechnological fields and processes.
Key words: endophytes.

INTRODUCTION

seeds. The endophytic microorganisms can
promote plant growth and/or resistance to
diseases and environmental stresses by various
mechanisms, such as: atmospheric nitrogen
fixation,
production
of
antimicrobial
compounds, phytohormones (synthesis or
regulation of plant hormones like IAA and
GA3), phosphate solubilization and other
providers (Figure 1).

Endophytic
microorganisms
are
plant
colonizers, living inside plants tissues, without
causing apparent disease symptoms. It was
shown that endophytes can be found in
different compartments of the plant, in the
intercellular spaces of the cell walls, in xylem
vessels or even in flowers, in fruits, pollen and

Figure 1. The main mechanisms of plant growth promoting and biocontrol mediated
by endophytic plant-beneficial microorganisms (after Malfanova et al., 2013)

Their plant-beneficial traits are very intense in
vitro conditions, but only a part of these traits
are exhibited in planta. However, based on the
beneficial properties of microbial endophytes,
several of them are used in agricultural

cropping systems as biofertilizers (Wemheuer
et al., 2017)
Among endophytes, the most abundant
microorganisms are fungi and bacteria,
including Actinomycetes. However, in some
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cases, or in specific plant growing systems,
Archaea (Müller et al., 2015), Oomycetes
(Horner et al., 2012) or microscopic algae
(Trémouillaux-Guiller et al., 2002; Bast et al.,
2014)could also be found living within plants
tissues. Such endosymbionts can improve plant
growth and productivity (Abbamondi et al.,
2016; Liaqatand Eltem, 2016), or induce plant
resistance to biotic and abiotic stress
(Choudharyand Johri, 2009; Rania et al., 2016;
Akbari et al., 2016; Khare et al., 2018; Lata et
al., 2018).

In order to provide their benefits, the microbial
endophytes competitively colonize the plant
tissues, using various traits, through a
sequential process that starts from the plant
rhizosphere, as a response to plant root
exudates, followed by root surfaces and root
interior colonization. Once inside, the
competent endophytes can migrate to the stem
and leaves, and often to flowers and seeds
(Afzal et al., 2019). The diversity of endophytic colonizers is affected by various
competitors, by plant and environment related
factors (Figure 2).

Figure 2. Bacterial endophytes localization, mechanisms of plant tissues colonization and factors affecting
endophytic bacterial diversity in the host plant (after Afzal et al., 2019)

endophytes, although not all are evidenced by
microbiological means, some being cultivable
and others being obligate to their hosts.
Cultivable endophytes are appreciated as only
0.001% to 1% of the total amount of colonizers
present in the plant tissues (Waheeda and
Shyam, 2017).
This mini review aims to present most
commonly used isolation procedures for
endophyte harvesting, with their advantages
and drawbacks, and some dedicated protocols
used for certain endophytic microbial
categories. Special attention is given for
disinfection protocols and culture media used
for bacterial, action bacterial and fungal
endophyte isolation.

Most
studies
related
to
endophytic
microorganisms refer to the cultivable species
and varieties. However, metagenomic and
microscopic studies revealed a wider variability
and
higher
number
of
endophytic
microorganisms than classical microbiological
studies (Khan Chowdhury et al., 2017; Thomas
and Reddy, 2013). This confirms that the plant
microbiomeal so includes fastidious and noncultivable microorganisms. Likewise, some
endophytes can be grown in vitro only for a
few subcultures after their isolation on growth
media, but without the growth factors from
their host plants they could not be grown in
vitro.
Research regarding endophytic microorganisms
suggests that all plants are colonized by
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DISINFECTION PROCEDURES FOR
ENDOPHYTES ISOLATION
A fundamental aspect in endophyte harvesting
is the removal of rhizospheric and epiphyte
microorganisms. This way the isolation
protocol will be correctly appreciated regarding
its efficacy. Moreover, the amount of cultivable
endophytes will be properly evaluated.
Although aggressive disinfectant solutions
applied at longer time exposure or in higher
concentrations can increase, in most cases, the
certitude of surface disinfection, such
procedures could affect the plant tissue and the
viability of some superficial endophytic
colonizers.
The most commonly used disinfectants are
70% ethanol, sodium hypochlorite in various
concentrations from 1% to 12%, hydrogen
peroxide and 0.01% up to 0.1% mercuric
chloride solution (Anjum and Chandra, 2015;
Eevers et al., 2015; Etminani and Harighi,
2018; Khanam and Chandra, 2017; Maroof et
al., 2012; Singh et al., 2017). Some authors
have also mentioned the use of 50% common
bleach (Kandalepas et al., 2015), which usually
contains a mixture of 35% sodium hypochlorite
(having max. 5% active chloride) and 5%
sodium hydroxide (also known as caustic
soda).An improved disinfection method
described for the isolation of endophytic
actinomycetes includes repeated immersion in
3.15% calcium hypochlorite for 10 min,
followed by 15 min in 10% sodium bicarbonate
and 2min in 1% sodium azide, before the sterile
rinsing procedure (Waheeda and Shyam, 2017).
Beside these decontaminating agents, a few
authors have mentioned the use of pesticide
active substances such as 0.01% bavistin
(Singh et al., 2017) and antibiotics like 0.05%
streptomycin (Singh et al., 2017),50 µg/ml
cycloheximide (Waheeda and Shyam, 2017), or
mixed solutions of antibiotics containing
200 mg/l streptomycin, 200 mg/l ampicillin and
100 mg/l tetracycline (Silvani et al., 2008) as
surface disinfection solutions for endophyte
isolation.
Most surface disinfection procedures used for
endophyte isolation involve two or three stages
of chemical treatments. Usually, different
chemical solutions are alternated, each having a
different mechanism of action. After every
disinfection step several rinses are applied,

most often with sterile distilled water. In order
to reduce the load of epiphyte and rhizosphere
contaminants, plant samples are washed before
surface sterilization procedures.
Due to its emulsifying and dispersing activity,
Tween 80 (also known as polysorbate 80 or
polyoxyethylene sorbitan monooleate) is added
in the rinsing solutions (Silvani et al., 2008).
This is a non-ionic surfactant, also believed to
affect bacterial viability, growth rate, and
biofilm formation (Nielsen et al., 2016). Tween
20 (also known as polysorbate20, or
polyethylene glycol sorbitan monolaurate) is
also used for similar reasons as tween 80
(Anjum and Chandra, 2015).
Surface disinfection of plant tissues involves
different mechanisms of actions. Alcohols are
involved in microbial cell layers’ degradation,
lipids solubilization, and denaturation of
proteins by acting directly on sulfhydryl
functional groups (APIC, 1996). Sodium
hypochlorite and other chlorine based solutions
and powders are sporicidal agents, with
oxidizing properties. Hydrogen peroxide is a
powerful oxidant against essential cell
components like proteins, lipids and DNA. All
oxidizing agents used as disinfection solutions
must be freshly prepared, otherwise they lose
their potency. The solution’s pH is another
aspect to be considered. In case of acidic
conditions, the hypochlorite ion bonds with
hydrogen and formshypochlorous acid, which
is a weak disinfectant. Therefore, when
preparing sodium or calcium hypochlorite
solutions, the pH should be kept above 7 to
favor the formation of the hypochlorite ion
(OCl-) (Nilay Borah unpublished data, 2016
communication).Heavy
metal
based
disinfectants (Hg, Ag)disrupt enzyme functions
by reacting with protein thiol groups (Bagger et
al., 1991; Haitzer, 2002).
Another important aspect in endophyte
harvesting is the sterile rinsing procedure,
which requires washing the disinfectant traces
from the plant tissue, as much possible,
especially if trituration will be applied in the
following step. Otherwise, chemical traces
could inhibit microbial growth or affect the
viability of endophyte microorganisms.
Considering this, some authors prefer to place
slices, sections or the content of the disinfected
plant tissue at the surface of the growth media
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(Figure 3), as alternative to trituration. This
way, direct contact between traces of the

sanitizing solution and
microorganisms is avoided.

a

the

endophytic

b

Figure 3. Disinfected plant samples used for endophyteharvesting (Boiu-Sicuia, personal results):
a. surface disinfected bitter melon fruit (Momordica charantia) dissected in order to collect samples of fruit pulp;
b. stem sections of surface disinfected and rinsed ice plant placed on culture media for endophyte isolation

Beside chemical based disinfection procedures,
some authors suggest physical methods to
destroy, reduce or eliminate microorganisms
colonizing the plants’ surface, in order to
collect endophytes. However, these physical
means are not used alone, but are combined
with chemical disinfectants. The most used
physical agent is heat. Some authors pass
through the flame the tissue pieces previously
immersed in 70% ethanol (Hasanah et al.,
2017; Zinniel et al., 2002).
Sonication is another physical method used in
endophyte isolation protocols. Usually,
sonication is used to dislodge solid particles
from the plant tissue before chemical
disinfection (Kaewkla, Franco, 2012).
CULTURE
MEDIA
USED
ENDOPHYTE ISOLATION

growth of endophytic bacteria (Bhore et al.,
2010; Gagne-Bourgue et al., 2012; Preveena
and Bhore, 2013; Abbamondi et al., 2016;
Boiu-Sicuia et al., 2017; Aslam et al., 2018).
When Singh et al. (2017) isolated endophyte
bacteria from medicinal plants they used
King’s B media, Mueller-Hinton media, blood
agar media, and brain heart infusion. These
media were used in order to obtain endophytes
with antagonistic activity against human
pathogenic bacteria.
For the isolation of endophytic bacteria and
actinomycetes with insecticidal activity Shi et
al. (2013) used tryptic soy agar (TSA), potato
dextrose agar (PDA) and Gauze’s no. 1 media.
However, 5 to 20% TSA medium (containing
1.5 g/l tryptone, 0.5 g/L soy peptone, 1.5 g/L
NaCl, 15 g/L agar, pH 7.3) is commonly used
also for isolation of endophytic bacteria from
leguminous plants (de Oliveira Costa et al.,
2012; Gusmaini et al., 2013; Aslam et al.,
2018), as well as PDA is also widely used for
fungi (Strobel et al., 2004; Kharwar et al.,
2008; Hasanah et al., 2017) and Gauze agar for
actinobacteria (Yi et al., 2013; Sabu et al.,
2017).
A wide variety of growth media are mentioned
for endophyticactino bacteria (Table 1). In
order to suppress undesired contaminants some
authors recommend addition of 50 to 60 μg/ml
cycloheximide and nystatin to suppress gram
negative bacterial and fungal growth, and 60
μg/ml nalidixic acid and K2Cr2O7 to inhibit fast
growing bacteria (Ajit et al., 2015; Waheeda
and Shyam, 2017).

FOR

Considering
that
not
all
endophytic
microorganisms can grow and survive without
their host, in vitro conditions are essential for
endophyte isolation and maintenance in pure
cultures. An important aspect is the nutritional
composition of the culture media.
For the isolation of endophytic bacteria most
authors used Nutrient Agar medium or
Nutrient-Yeast extract medium, with or without
cycloheximide (McInroyand Kloepper, 1994;
Pleban et al., 1995; Schulzet al., 1998; Zinniel
et al., 2002; Anjum and Chandra, 2015; Gupta
et al., 2015; Sharma and Roy, 2015; PerezRosales et al., 2017). Luria-Bertani Agar is
another culture media, widely used in
bacteriology, also mentioned for isolation and
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Table 1. Actinobacteria isolation media
Growth media
Actinomycetes
Agar (AIA)

isolation

Starch casein Agar (SCA)

Yeast extract malt extract
Agar (YEMA),also known
as: Sporulation agar or
ISP 2 medium
Inorganic salt-starch agar
also known as ISP 4
medium
Glycerol Asparagine Agar
also known as ISP 5
medium
Peptone-Yeast extract - Fe
Agar, also known as
ISP 6 medium
Tyrosine agar, also known
as ISP 7 medium

Tap Water Yeast Extract
Agar (TWYE)
Humic acid vitamin
Agar (HV)

Mycose-Proline medium

Raffinose-Histidine
medium
Calcium Malate agar
Bennette agar
Gauze no.1 medium
Arginine agar

B

Composition

References

2 g/l sodium caseinate, 0.1 g/l L-asparagine, 4 g/l
sodium propionate, 0.5 g/l K2HPO4, 0.1 g/l
MgSO4·7H2O, 0.001 g/l FeSO4, 5ml/l glycerol, 15
g/l agar, pH 8.1
10 g/l soluble starch, 0.3g/l casein (fat and vitamin
free), 2g/l KNO3, 2 g/l NaCl, 2 g/l K2HPO4, 0.05
g/l MgSO4·7H2O, 0.02 g/l CaCO3, 0.01 g/l FeSO4,
1mg/l zinc acetate, 18g/L agar (Oxoid no. 1).
4g/l Bacto-yeast extract (Difco), 10g/l Bacto-malt
extract (Difco), 4g/l Bacto-dextrose (Difco), 20g/l
Bacto agar, pH 7.0±0.3.

Ajit et al. (2015); Waheeda and
Shyam (2017)

10 g/l soluble starch, 1 g/l K2HPO4, 1 g/l
MgSO4.7H2O, 1 g/l NaCl, 2 g/l (NH4)2SO4, 2 g/l
CaCO3, 1ml/l trace salt solution as in Arginine agar
medium, 20 g/l agar, pH 7-7.4.
1 g/l L-asparagine, 1 g/l K2HPO4, 10ml/l glycerol,
20g/l agar, 1 ml/l trace element solution containing:
0.1% FeSO4.7H2O, 0.1% MnCl2.4H2O and 0.1%
ZnSO4.7H2O, final pH 7.4±0.2
15 g/l peptone, 0.5 g/l ferric ammonium citrate,
0.09 g/l sodium thiosulfate, 1 g/l K2HPO4, 1 g/l
yeast extract, 15 g/l agar, pH 7-7.2
15 g/l glycerol, 1 g/l L-asparagine, 0.5 g/l Ltyrosine, 0.5 g/l K2HPO4, 0.5 g/l NaCl, 0.5 g/l
MgSO4.7H2O, 0.01 g/l FeSO4.7H2O, 1ml/l trace salt
solution as in Arginine agar medium, 20 g/l agar,
pH 7.2
0.25 g/l yeast extract, 0.5 g/l K2HPO4, 18 g/l Agar
in tap water
0.5 g/l Na2HPO4; 1.7 g/l KCl, 0.05 g/l
MgSO4·7H2O, 0.01 g/l FeSO4·7H2O, 0.02 g/l
CaCO3, 1g/l humic acid 1 g, 18g/l agar. Final pH
7.2-7.4. After autoclavation add 1 ml/l vitamin B
solution containing 0.05% thiamine-HCl, 0.05%
riboflavin, 0.05% niacin, 0.05% pyridoxin, 0.05%
D-calcium pantothenate, 0.05% inositol, 0.05% paminobenzoic acid, 0.025% biotin.
5 g/l Mycose, 1 g/l proline, 1 g/l (NH4)2SO4, 1 g/l
NaCl, 2 g/L CaCl2, 1 g/l K2HPO4.H2O, 1 g/l
MgSO4.7H2O, 3.7 ml/l vitamin mixture of HV
medium, 15 g/l agar, pH 7.2.
5 g/l raffinose,1 g/l histidine, 1 g/l K2HPO4.H2O,
0.5 g/l MgSO4.7H2O, 15 g/l Agar, pH 7.2-7.4.
20 g/l glucose, 10 g/l calcium malate, 0.5 g/l
NH4Cl, 15 g/l agar, pH 7.2-7.4
10 g/l glucose, 1 g/l yeast extract, 1 g/l beef extract,
2 g/l N-Z-Amine A (casein), 20 g/l agar, pH 7.3
20 g/l soluble starch, 1 g/l KNO3, 0.5 g/l K2HPO4,
0.5 g/l MgSO4.7H2O, 0.5 g/l NaCl, 0.01 g/l FeSO4,
20 g/l agar, pH 7.2-7.4
1 g/l arginine, 12.5 g/l glycerol, 0.5 g/l
MgSO4.7H2O, 0.01g/l FeSO4, 1 g/l K2HPO4, 1ml/l
trace salt solution, 20 g/l agar, pH 7.2.
The trace salt solution contains:0.2% FeSO4.7H2O,
0.1% MnCl.2H2O, 0.1% ZnSO4.7H2O
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Kuster and Williams (1964);
Mackay (1977); Yi et al. (2013);
Passari et al. (2015); Waheeda and
Shyam (2017); Sabu et al. (2017)
Shirlingand
Gottlieb
(1966);
Taechowisan and Lumyong (2003);
Yi et al. (2013); Passari et al.
(2015); Waheeda and Shyam
(2017); Sabu et al. (2017)
Jiang et al. (2012)

Shirling and Gottlieb (1966);
Murray et al (2003); Taechowisan
and Lumyong (2003); Yi et al.
(2013); Passari et al. (2015); Sabu
et al. (2017)
Yi et al. (2013)
Yi et al. (2013)

Taechowisan and Lumyong (2003)
Passari et al. (2015); Sabu et al.
(2017)
Hayakawa and Nonomura (1987);
Hayakawa M. (1990); Kang et al.
(2010); Zhang (2011); Kaewkla
and Franco (2012); Yi et al. (2013);
Waheeda and Shyam (2017)

Yi et al. (2013)

Yi et al. (2013)
Yi et al. (2013)
Yi et al. (2013)
Yi et al. (2013); Sabu et al. (2017)
Yi et al. (2013); Sabu et al. (2017)

Growth media
Mannitol mung bean yeast
extract mineral salt agar
(MMY)

Casein agar (for
thermophilic actinomycetes)
Improved casein agar

T/1 medium (for
thermophilic actinomycetes)
Chitin agar (also for
aquatic actinomycetes)
GG agar (also for aquatic
actinomycetes)
Starch casein agar
(Meiji Sheika 5)
GYEA O (for isolation of
Actinomadura)
AV agar

Composition
1 g/l mannitol, 15 g/l ground mung bean, 0.5 g/l
yeast extract, 0.5 g/l K2HPO4, 0.2 g/l
MgSO4·7H2O, 0.1 g/l CaCl2·2H2O, 10 ml/l HCl (25
%, 7.7M), 1.5 gl FeCl2·4H2O, 0.07 g/l ZnCl2, 0.1
g/l MnCl2·4H2O, 6 mg/l H3BO3, 0.19 g/l
CoCl2·6H2O, 2 mg/l CuCl2·2H2O, 24 mg/l
NiCl2·6H2O, 36 mg/l Na2MoO4·2H2O 36 mg, 15
g/l agar
10 g/l glucose, 1g/l casein, 0.5 g/l K2HPO4, 0.5 g/l
MgSO4.7H2O, 0.01g/l FeSO4, 20 g/l agar, pH 7.2
2 g/l casein, 2 g/l glucose, 2.64 g/l (NH4)2SO4, 5.65
g/l K2HPO4, 2.38 g/l KH2PO4, 0.1 g/l yeast extract,
0.01 g/l CoCl2, 0.1 g Na2B4O7.10H2O, 1ml/l trace
salt solution as in Arginine agar medium, 20 g/l
agar
2 g/l yeast extract, 5 g/l soybean meal, 20 g/l
maltose, 20 g/l agar, pH 7.2
2 g/l colloidal chitin, 0.7 g/l K2HPO4, 0.3 g/l
KH2PO4, 0.5 g/l MgSO4.7H2O, 0.1 g/l FeSO4,
1mg/l ZnSO4, 1 mg/l MnCl2, 20 g/l agar, pH 7.0
20 g/l glycerol, 2.5 g/l glycine, 1 g/l NaCl, 1 g/l
K2HPO4, 0.01 g/l FeSO4, 0.1 g/l MgSO4.7H2O, 0.1
g/l CaCO3, 17 g/l agar, pH 7.4
5 g/l starch, 0.5 g/l casein, 0.25 g/l K2HPO4, 20 g/l
agar, pH 7.0-7.5
10 g/l glucose, 5 g/l yeast extract, 2 g/l CaCO3, 1
g/l K2HPO4, 0.5 g/l MgSO4.7H2O 0.5 g; 1ml/l trace
salt solution as for Arginine agar medium, 20 g/l
agar, pH 7.2
5g/l glycerol, 0.5 g/l arginine, 1 g/l glucose, 0.3 g/l
K2HPO4, 0.2 g/l MgSO4.7H2O, 0.3 g/l NaCl, 20 g/l
agar, 1ml/l vitamin B solution (as for HV medium),
pH 7.2

References
Kaewkla & Franco (2012)

Yi et al. (2013)
Yi et al. (2013)

Yi et al. (2013)
Hsu and Lockwood (1975); Yi et
al. (2013)
Yi et al. (2013)
Yi et al. (2013); Sabu et al. (2017)
Yi et al. (2013)

Yi et al. (2013)

grow (Ceapă Corina
communication).

The most used medium in the isolation of
endophytic fungi is Potato-Dextrose Agar
(PDA), supplemented with antibiotics, such as
amoxicillin (Hasanah et al., 2017), 50 to 100
mg/l chloramphenicol (Strobel et al., 2004;
Kharwar et al., 2008, 2009; Bezerra et al.,
2015), 250 mg/l streptomycin sulphate and 250
mg/l penicillin G (Raja et al., 2015). Other
commonly used media for fungi, such as Malt
extract Agar (MEA, 2%) and Yeast extract Soy - Dextrose Agar (YESD, containing 1%
yeast extract, 2% soy peptone, 2% dextrose,
and 2% agar) were also mentioned for
endophyte isolation (Raja et al., 2015).
Most presented isolation media are also used
for the subsequent growth of the endophytic
microorganisms. However, after microbial
strains purification the use of antibiotics was no
longer required.
In some cases, it was noticed that after a small
number of replications on artificial media the
harvested endophytes were no longer able to

Diana,

personal

AMOUNT OF HARVESTED
ENDOPHYTES
The endophyte isolation accuracy mostly
depends on the success of plant tissue
disinfection.
If the disinfection procedure was improper, the
certainty of endophytes isolation can be
discussed. Moreover, some endophytes
(especially fungi and actinomycetes) are
growing much slower than soil saprophytes,
rhizospheric microorganisms and epiphytes,
these influencing endophytes grow on the
culture media.
If the culture plates are rapidly colonized by
other microbial contaminants, the slow growing
endophytes could be inhibited to develop
(Figure 4).
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CONCLUSIONS

a

Endophyte isolation should be performed after
proper disinfection procedures, in order to
reduce or eliminate potential contaminants. For
plant tissue disinfection several sterilizing
agents could be used, in different concentration
and time exposure, mostly depending on the
tissue type, (e.g. lignified trunk vs. green
sprouts, roots vs. leaves etc.). Most commonly
used chemical agents are 70% ethanol, sodium
hypochlorite (in various concentration), and
0.01 up to 0.1% mercuric chloride solutions.
Natural occurrence of cultivable bacterial
endophytes in the fresh weight of plant tissue
was reported to vary between 2.0 and 9.6 log10
CFU/g, depending on the plant species, growth
conditions, vegetation stage, plant tissue,
disinfection methods, proper rinsing and
microbial culture conditions.

b

Figure 4. Microbial isolation: a. fast growing
contaminants inhibiting slow growing endophytes; b.
isolated bacterial colonies (Boiu-Sicuia, personal results)

A study referring to commonly used
disinfection methods for endophyte isolation
presented the influence of different sterilizing
agents
on
endophyte
survival
and
contamination (Khanam and Chandra, 2017).
These authors used various plant species in
their study and tested four commonly
disinfection methods: immersion in 70%
ethanol (i), sodium hypochlorite (ii), 0.1%
HgCl2 (iii) and 70% ethanol for 5 to 8 minutes
followed by 0.1% (w/v) HgCl2 for10 min (iv).
Based on their results, it was concluded that the
most efficient disinfection protocol was the
twostep treatment based on 70% ethanol and
0.1% (w/v) HgCl2, compared to the single step
methods. With this two-step disinfection
protocol,
the
survival
of
endophyte
microorganisms varied between 88% and 95%,
depending on the analyzed plant species. The
contamination rate of the endophyte cultures
was less than 20%.
Most studies reported endophyte concentrations
between 2 and 9.6 log10 CFU/g of fresh plant
tissue. Kobayashi and Palumbo (2000) reported
natural endophyte concentrations of 2.0 to 6.0
log10 CFU/g in alfalfa, sweet corn, sugar beet,
squash, cotton, and potato plant tissues. Zinniel
et al. (2002) isolated 3.5 to 7.7 log10 CFU of
naturally occurring endophytic bacteria per g of
prairie plants grown in controlled conditions,
and 3.0 to 9.6 log10 CFU/g from corn and
sorghum plants in growth room conditions.
Fisher et al. (1992) reported colonization levels
of 2.3 to 6.5 log10 CFU of bacterial endophytes
per g of wet weight form field-grown sweet
corn. Similar results were also obtained by
McInroy and Kloepper (1995). They isolated
3.0 to 7.0 log10 CFU of naturally occurring
bacterial endophytes per g of tissue (fresh
weight) of sweet corn grown in greenhouse and
field conditions.
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