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ABSTRACT

Fusarium head blight incited by Fusarium graminearum, is a devastating disease that causes extensive yield and quality losses to wheat
(Triticum aestivum L.) throughout the world. One strategy to control Fusarium head blight is the use of antagonistic bacteria. In order to
assess the potential of phyllospheric microorganisms in biological control of such foliage diseases, in this study one hundred and ninety
isolates of antagonistic bacteria including Pseudomonas, Erwinia and Bacillus spp. from the phyllosphere of healthy and infected wheat,
were collected. Among them, by using the dual culture method, only eight isolates with the most antagonistic ability against the growth of
pathogenic fungal species (Fusarium graminearum) were selected and purified. According to the results of biochemical and physiological
tests, they were identified as three biovars of Pseudomonas fluorescens, an isolate of Erwinia herbicola and some species of Bacillus like
B. subtilis and B. cereus. Production of antifungal substances and volatile metabolites, and secretion of lytic enzymes such as protease and
cellulase as the inhibitory mechanisms in vitro were evaluated. Furthermore, in greenhouse conditions the effects of antagonistic bacteria
on disease severity and incidence caused by F. graminearum, by the application of bacteria were studied. Statistical analysis of data
indicated that treating wheat spikes with some of the antagonistic bacteria not only reduced the disease severity and incidence when

compared with the control, but also had showed a positive influence on growth and yield of wheat cultivars.
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INTRODUCTION

Fusarium head blight (FHB), is responsible for significant
damage in humid and semi-humid regions of the world. The
primary causal agent of the disease in the north of Iran is
Fusarium graminearum, which causes foliage diseases of
matures, including pink and mouldy spots on wheat glumes
of spiklets. This disease is economically important and is
among the most widespread disease of wheat, especially in
areas with warm and wet condition during growing season
(Parry et al. 1995; Strange and Smith 1971). The disease is
spread all over the world especially in North Dakota, Mid-
western and Eastern states of the USA, as well as in Central
and Eastern Canada and Brazil (Andrews 1992; Knudsen et
al. 1995). The annual losses are estimated at US $1 billion

of yields in Canada (Gilbert and Tekauz 2000; Sutton 1982).

In Iran, especially in the Northern provinces that are located
on the margin of the Caspian Sea, is the most devastating
disease on wheat. FHB is of particular concern because of
the ability of the Fusarium species to produce mycotoxins
in the grain that are harmful to human and animal consu-
mers (Stack and McMullen 1985).

Chemical control and resistant cultivars are potential
options for reducing the severity of FHB. Most wheat culti-
vars currently in production are vulnerable to infection. In
order to reduce the application of chemicals in diseases con-
trol, especially air-borne pathogens, some efforts in biolo-
gical control of F. graminearum by antagonistic microorga-
nisms, have been conducted (Ramesh-Kumar et al. 2002).
In fact, the phyllospheric organs are the first-line of defense
against air-borne pathogenic fungi (Andrews 1992). There-
fore, there is an excellent opportunity to find phyllosphere-

competent bacteria in the phyllosphere, which are potential
biocontrol agents. A successful biocontrol agent efficiently
suppresses the pathogen and reduces disease incidence.
Biocontrol agents act against pathogens by such forms of
antagonism such as competition, antibiosis and parasitism.
In recent years, fluorescent pseudomonads have drawn
attention worldwide because of their ability to colonize the
organ and production of secondary metabolites such as
siderophores, antibiotics, volatile compounds, enzymes and
phytohormones (Cook and Baker 1983).

Biological control, though currently not commercially
available for FHB, would offer another option for reducing
the disease. The feasibility of biologically controlling this
disease (FHB) has been demonstrated (Kloepper et al.
1991; Knudsen et al. 1995; Khan et al. 2001). In this regard,
bio-antagonistic fungi such as Trichoderma spp., Chaeto-
mium sp. and Gliocladium roseum (Cook and Baker 1983;
Stack and McMullen 1985; Knudsen et al. 1995) and antag-
onistic bacteria such as Sporobolomyces roseus, Pseudo-
monas putida and Paenibacillus macerans have been stu-
died (Bleakley et al. 2000; Khan et al. 2001). Certain Plant
Growth Promoting Bacteria (PGPB) degrade fusaric acid
produced by Fusarium sp., the causal agent of wilt, and thus
prevent pathogenesis. Some PGPB can also produce en-
zymes that can lyse fungal cells. Application of a single
strain of a biological control agent only rarely leads to a
level of suppression as observed so far, and positive effects
with single inoculants are often inconsistent (Weller 1998;
Khan ez al. 2001). Hence, it was postulated that a concerted
action of several microorganisms and mechanisms is res-
ponsible for the highly consistent disease suppressiveness
(Andrews 1992). Consequently, application of a mixture of
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biocontrol agents is likely to more closely mimic the natural
situation and may, therefore, represent a more viable con-
trol strategy. Pierson and Weller (1994) showed that combi-
nations of several fluorescent pseudomonads have the pot-
ential for greater biocontrol activity against wheat take-all
disease compared to the same strains applied individually.
There are also reports stating that combinations of biolo-
gical control agents do not result in improved suppression
of disease as compared to the separate inoculants (Sneh et
al. 1984). Positive and negative interactions between intro-
duced biocontrol microorganisms or between an introduced
biocontrol agent and the indigenous microflora can influ-
ence their performance in the rhizosphere.

The objectives of the present research were to select and
characterize antagonistic bacteria and their antagonistic me-
chanisms on reducing severity and incidence of disease in
the greenhouse, as well as to determine whether specific
interactions between Pseudomonas spp. strains and other
bacterial isolates influence disease suppression by combina-
tions of these strains. Subsequently, suppression of FHB by
the single strains and their combinations were investigated
to determine how far interactions in vitro between the
strains have predictive value for disease suppression by
combinations of these strains in vivo.

MATERIALS AND METHODS
Isolation of Fusarium graminearum species

Spikes and rachises of collected wheat from several infected fields
in 2004 that showed symptoms of pink spots on spikes, small and
shrunken seeds and white heads were submerged in 0.5% sodium
hypochlorite for 3-5 min. After this treatment, they were exten-
sively washed with sterile distilled water, placed on Petri dishes
containing Potato Dextrose Agar (PDA), and incubated at 22-25°C
for one week. Fusarium graminearum was on of the most preva-
lent fungi that grew on the medium. Fungal recognition was on the
basis of characteristics such as long falcate macroconidia, simple
lateral phialides, branched conidiophores and many isolates of this
fungus have floccose aerial mycelium and rose to coral pigmenta-
tion (Montealegre et al. 2003).

Preparation of fungal inoculum and pathogenicity
test

Two hundred grams of sterile wheat stubble and barley were
placed in an Erlenmeyer flask (500 ml), and were incoculated with
four 5 mm mycelial disks from a five-day-old culture of fungal
species, and incubated at room temperature for 96 hours on a
rotary shaker at 150 rpm/min. Fungal colonies were developed,
and for each pathogenicity test, suspensions of macroconidia were
obtained by flooding the surface of the colonized PDA with PO,
buffer and dislodging conidia using a sterile inoculating loop. The
inoculum mixture of F. graminearum (5 x 10° conidia/ml) was
sprayed on the wheat spikes in vivo. After inoculation, wheat
plants were misted with water, incubated in a plastic humidity
chamber for 72 h at approximately 22°C, and transferred to green-
house benches. Plastic humidity chamber consisted of a PVC pipe
frame covered with clear plastic. The disease symptoms were
assessed 3 weeks after inoculation.

Isolation, selection and identification of bacteria

Antagonistic bacteria were isolated from infected and healthy
wheat spikes in 2004. More than 300 spike segments of wheat
were washed with tap water, 0.5 g added to 50 mL, 1% peptone
and were shaken for 30 min, after which 0.1 mL of each bacterial
suspension was spotted in nutrient agar (NA) medium, incubated
at 22°C. Fluorescent Pseudomonads were isolated on King's B
(KB) medium (Schaad et al. 2001). According to the methodology
of Schaad et al. (2001) antagonistic isolates of antagonistic bac-
teria were selected by biochemical, physiological and biological
tests (Schaad et al. 2001). The single colonies of purified isolates
were pre-evaluated against the isolates of £ graminearum by
using dual culture in Petri dishes containing PDA and the percen-
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tage of fungal growth inhibition were determined. Eight isolates
with the most inhibition percentage, which were calculated by
using the following formula (Sivan ef al. 1987), were selected and
re-purified:

% Inhibition = (1- (fungal growth / control growth)) x 100
Antagonistic mechanisms of antagonistic bacteria
Production of volatile metabolites

100 pL of each bioantagonistic bacterial suspension (5 x 10° cfu /
mL) was spread on a Petri dish containing KB medium, and a 5-
mm disk of a five-days-old pure culture of F. graminearum was
placed at the center of another Petri dish containing PDA. Both
plates were placed face to face preventing any physical contact
between the pathogen and the bacterial suspension, and were
sealed with parafilm to isolate the inside atmosphere, preventing
loss of volatile compounds. Plates were incubated at 22-25°C in
the dark for one week and the growth of the pathogen was mea-
sured and compared to controls developed in the absence of the
bioantagonists. Each experiment considering a single bacterial iso-
late was run in triplicate and repeated three times. Results are ex-
pressed as means of percentage inhibition + S.D. of the growth of
F. graminearum in the presence and absence of any bacterial iso-
lates.

Production of diffusible antifungal substances

According to Montealegre (2003), PDA plates covered with a cel-
lophane membrane were inoculated in the center with 100 pL of a
bioantagonistic bacterial suspension (5 x 10° cfu/mL). After incu-
bation for 72 h at 22°C, the membrane with the grown bacterial
isolate was removed, and the plate was inoculated in the middle
with a 5 mm disk a pure culture of F. graminearum isolate. Plates
were further incubated at 22°C for one week and the growth of the
pathogen was measured. Controls were run with mock-inoculated
PDA containing plates on the cellophane membrane (replacing the
bacterial suspension by sterile distilled water), and further inocu-
lated with F. graminearum. Results are expressed as means of per-
centage inhibition + S.D. of growth of F. graminearum in the pre-
sence and absence of any bioantagonistic bacterial isolate.

Protease production

Petri dishes containing SMA (Skim Milk Agar) culture medium
including milk powder (15 g L), yeast extract (5 g), blood agar (4
g) and agar-agar (13.5 g) were inoculated with each isolate and in-
cubated at 27°C for 24 h. Production of a colorless hallow around
each bacterial colony indicated protease activity of that strain
(Montealegre et al. 2003). Each experiment considered a single
bacterial and multiple bacteria isolate and was run in triplicate and
was repeated three times.

Cellulose production

Nine mL of medium containing K,HPo, (1 g), NaNO; (0.5 g),
MgS0,(0.5 g), KC1 (0.5 g) and FeS, (0.01 g) in 1 L distilled water
was added to each tube. A piece of filter paper (1 x 9 cm®) was
placed in each tube. After sterilization, 1 mL of each bacterial
suspension was added and tubes were incubated at 25°C. Up to
three weeks, the change in color of filter papers was traced every
day. In the control, 1 mL of MgSOy, solution (0.1 M) was added.

Greenhouse experiments
Preparation of bacterial inocula

Cells of antagonistic bacteria for use in greenhouse experiments
were prepared as previously been described. The bacterial suspen-
sion was adjusted to about 10’-10°cfu mL™', using haemocyto-
meter for each experiment. The bacterial cells suspensions were
used for spraying on wheat heads.
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Table 1 Assessment of disease severity (Horsfall-Barrett scale) (based on
Stack and McMullen 1998).

Disease severity levels % Area with discoloration Score
Clean 0-7 1
Slight 14-21 2
Moderate 33-50 3
Hard 50-66 4
Severe 79-90 5
Strongly severe 100 6

Evaluation of disease intensity on wheat

For this purpose, the effects of fungal species on wheat growth and
health were evaluated. The prepared fungal spore suspension (5 %
10° conidia/ml) was sprayed on the spikes in each pot (on phyllo-
spheric organs). The disease intensity was scored for each tiller on
five plants 3-4 weeks after spraying the suspension at the flower-
ing stage. Disease intensity was scored using the Horsfall-Barrett
scale (Stack and McMullen.1998) counting infected spiklets and
expressing that as a percentage of total spiklets, which is very
accurate to measure severity, as described in Table 1. Four replica-
tions were made for each treatment. The pots were arranged in a
factorial design, and the trials were repeated at least twice with
similar results.

Efficacy of spraying the suspension of
antagonistic bacterial isolates

In greenhouse conditions, wheat seeds (cvs. ‘Shanghay’ and
‘Falat”) were surface sterilized in 0.5% sodium hypochlorite for 5
minutes and then air dried in a laminar flow. Suspensions of an-
tagonistic bacteria at a total concentration of 10’-10° cfu mL™
were sprayed twice on the phyllospheric parts in the boot stage
and a fungal spore suspension at a total concentration of 5x10° cfu
mL" (F. graminearum) was sprayed on the spikes of pot-plants in
the flowering stage, five times a week. Pots were maintained in the
greenhouse benches at 25°C and 90% relative humidity using
misfire. Control treatments were inoculated with sterile distilled
water, and plants with disease symptoms were recorded after 3-4
weeks after spraying the agent of disease. The effects of treatments
on wheat growth factors (such as means of 100-grain weight, and
dry weight of aerial parts of each plant) and disease severity and
incidence on two wheat cultivars, ‘Shanghay’ (moderately resis-
tant) and ‘Falat’ (susceptible), were assessed.

Statistical analysis

The data obtained were subjected to analysis of variance and the
means separated by using Duncan’s Multiple Range Test and
ANOVA. Tests were used to establish significant differences at P
<0.05.

Mean inhibition (%)

RESULTS
Isolation and identification of the fungal species

The prevalent agents isolated from Fusarium head blight of
wheat in wheat fields of the margin of the Caspian Sea, Iran
were identified as F. graminearum, and have been described
by Nelson et al. (1983). In the pathogenicity test, inocula-
tion of spikes to the fungal inocula, in addition to signifi-
cant effects on disease severity and incidence, showed a
significant reduction on the 100-grain weight and means of
height of both the wheat cultivars (‘Shanghay’ and ‘Falat’).

Selection and identification of antagonistic
bacteria

One hundred and ninety bacterial strains were isolated from
wheat anthers and used in the bioassay test against fungal
isolates. Based on the biochemical and physiological tests
(Schaad ef al. 2001), six antagonistic bacteria with the
greatest inhibition percentage against F. graminearum were
identified as: three biovars of Pseudomonas fluorescens (1,
4 and 5), an isolate from Erwinia herbicola and species of
Bacillus, including B. subtilis and B. cereus.

Antagonistic mechanisms of the antagonistic
bacteria

In vitro all of the six single isolates and two mixtures of
isolates tested positive in the production of volatile and dif-
fusible antifungal metabolites against the fungal isolates.
Volatile compound provided by mixture isolates followed
by B. cereus showed the most and those, provided by P.
fluorescens bv. 5 and Erwinia herbicola indicated the least
inhibitory effect on the growth rate of F. graminearum (Fig.
1). Antifungal substances produced by multiple isolates fol-
lowed by P. fluorescens bv. 1 and P. fluorescens bv. 4 and 5
in the case of F. graminearum were the most effective
strains (Fig. 2). In general, the result described in Figs. 1
and 2 indicated that the inhibitory effects of the antifungal
substances on the mycelial growth of the fungal isolates
were more than of the volatile compounds.

Only P. fluorescens bv. 5 produced hydrogen cyanide
(HCN). Biovars of P. fluorescens secreted both protease
and cellulose enzymes, whereas, isolates of B. subtilis and
B. cereus produced only protease.

Influence of the interaction of antagonistic
bacteria and fungal species on the wheat growth
factors

Results of the co-inoculation of wheat with the isolated
antagonistic bacteria as well as the fungal species indicated
that spraying the suspension of bioantagonistic bacteria, in

Treatments

Fig. 1 The effect of bacterial volatile compounds on inhibition percentage of fungal growth on PDA.
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Fig. 2 The influence of bacterial antifungal substances on inhibition of fungal growth on PDA.

Table 2 Influence of the interactions of antagonistic bacteria and fungal
isolates on the 100-grain weight cvs. ‘Shanghay’ and ‘Falat’.

Table 4 Efficacy of antagonistic bacteria on disease incidence on cvs.
‘Shanghay’ and ‘Falat’.

Treatments Fusarium graminearum

Treatments Fusarium graminearum

Shanghay Falat Shanghay Falat
P. fluorescens bv 4 + 3.72+0.16 cd 5.097+0.14a P. fluorescens bv 4+ 22.25+3.86h 64.90 £ 1.52 bede
P. fluorescens bv 5 P. fluorescens bv 5
P. fluorescens bv 4+ E. herbicola 2.98 £0.17 ¢ 439+130b P. fluorescens bv 4+ 42.61+197¢g 66.66 + 0.98 bed
P. fluorescens bv 1 2.60+0.55f 3.73+£0.14 cd E. herbicola
P. fluorescens bv 4 3.00+0.18 ¢ 3.72+0.14 cd P. fluorescens bv 1 50.19+12.90 fg 82.28+1.05a
P. fluorescens bv 5 326+0.10¢ 3.05+£0.17¢ P. fluorescens bv 4 55.45+8.01 def 69.61 +£1.26b
B. subtilis 395+021c¢ 3.02+0.16 ¢ P. fluorescens bv 5 55.15+0.75 def 87.88+1.35a
B. cereus 2.59+0.03 f 298+0.20¢ B. subtilis 56.86 £ 5.39 cdef 82.28+1.05a
E. herbicola 229+40.17f 3.58+0.19d B. cereus 46.59 £10.45 fg 68.53 £0.37 be
Control 3.55+£0.19d 241+£0.09 f E. herbicola 5431 +£5.82efg 8536+9.84a
Means followed by a common letters in a column are not significantly different Control 52.19+8.44 fg 9220+3.17a

according to Duncan’s Multiple Range Test (p=0.01).

Table 3 Efficacy of antagonistic bacteria on disease severity on cvs.
‘Shanghay’ and ‘Falat’.

Treatments Fusarium graminearum
Shanghay Falat

P. fluorescens bv 4+ P. 191+1.82¢c 6.48+7.36 ¢
fluorescens bv 5

P. fluorescens bv 4+ E. herbicola 191 +£1.82¢ 6.48+7.36¢
P. fluorescens bv 1 240+0.36b 7.74+8.65b
P. fluorescens bv 4 420+298a 7.74+8.65b
P. fluorescens bv 5 520+1.50a 923+479a
B. subtilis 420+298a 7.74+£8.65b
B. cereus 420+298a 7.74+£8.65b
E. herbicola 420+298a 923+479a
Control 480+1.58a 10.02+0.00 a

Means followed by a common letters in a column are not significantly different
according to Duncan’s Multiple Range Test (p=0.01).

addition to reduce the disease severity and incidence,
caused considerable positive effects on the wheat growth
factors (Table 2). Measured factors, especially means of
100-grain weight and disease severity and incidence were
affected significantly by the fungi, bacteria and the interac-
tion of the two (Tables 2-4). Spraying wheat spikes (cv.
‘Falat’) with mixture isolates P. fluorescence bv. 4 and 5
and P. fluorescence bv. 4 plus E. herbicola showed the most
positive effects on the yield components of wheat cultivars
(such as 100-grain weight). However, treating wheat spikes
(cv. ‘Shanghay’) with a single strain of all isolates except B.
subtilus caused reduction in most wheat growth factors
when compared with the control (Table 2). Inoculation of
spikes to the fungal species not only caused significant re-
duction effect on disease severity and incidence, but also
had a significant reduction on seed germination and the
means of crop height of the both wheat cultivars, ‘Shang-
hay’ and ‘Falat’ (data not presented).
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Means followed by a common letters in a column are not significantly different
according to Duncan’s Multiple Range Test (p=0.01).

Distribution of data were normalized with \X+1/2

+ means SE or standard error among replicates of a treatment.

Influence of antagonistic bacteria on FHB

Data presented in Tables 3 and 4 regarding the co-inocula-
tion of wheat with the antagonistic bacteria and the fungal
species indicated that spraying with bioantagonistic bacte-
rial suspension reduced the disease severity and incidence
in both cvs. ‘Shanghay’ and ‘Falat’ (Tables 3, 4). In green-
house experiments the fungal species, antagonistic bacteria
and the interaction of the two affected the disease severity
and incidence significantly. In general, application of mix-
ture strains either P. fluorescens bv. 4 and 5 or P. fluores-
cens bv. 4 and E. herbicola were determined as the most
effective strains in reducing the incidence of disease caused
by the fungi followed by single strain application such as B.
subtilis] and P. fluorescens bv. 1 and 4. The results ob-
tained here indicated that antagonistic effects on disease
suppression due to bacterial inoculation were more remar-
kable in susceptible cultivar rather than in the latter one.

DISCUSSION

Application of genetic diversity of biological control agents
by using mixtures of microorganisms may result in treat-
ments that persist longer in the rhizosphere and utilize a
wider array of biocontrol such as induction of systemic re-
sistance, production of antibiotics and competition for nut-
rients, under a broader range of environmental conditions
(Pierson and Weller 1994). The potential ability of P. fluo-
rescens and Bacillus strains to serve as a biocontrol agent of
Fusarium head blight has been described here. Members of
the genera of Pseudomonas spp., Erwinia spp. and Bacillus
spp. are well known antagonistic bacteria (van Loon et al.
1998; Khan et al. 2001). The results obtained our current
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experiments also indicate a similar antagonistic potential on
wheat scab disease.

When in vitro antagonism (Figs. 1, 2) is compared to in
vivo disease suppression (Tables 3, 4), it appears that the in
vitro test has some predictive value for the disease suppres-
sion by pseudomonads, Erwinia herbicola and Bacillus spp.
strains. This especially accounts for application of mixture
strains, which indicates that specific interactions between
biocontrol strains can influence disease suppression by the
combination of these strains. The enhanced disease suppres-
sion by the combination of strains either P. fluorescens bv.
4 and 5 or P. fluorescens bv. 4 and E. herbicola could be the
result of a combination of different disease-suppressive me-
chanisms.

Different disease-suppressive mechanisms are involved
in enhancing the disease suppression including, competition
and parasitism (Kragelund and Nybroe 1996). It has been
demonstrated that a positive relationship exists between
population size of the biocontrol strain on phyllosphere and
disease suppression (Pierson and Weller 1994; Smith et al.
1997). In general competition for nutrients supplied by the
plant and occupation of sites favored for colonization are
probably responsible for a small or moderate degree of dis-
ease suppression by most PGPB and are of primary impor-
tance in some strains. It is likely that the production of anti-
fungal compounds could be responsible for enhancing the
disease suppressions (Fig. 2). However, it has been reported
that in the case of the antagonistic mechanism of B. subtilis,
there is some evidence to suggest that its potential to pro-
viding both protease and cellulolytic enzymes seems to be
involved in this regard (Pierson and Weller 1994).

Production of metabolites such as antifungal substances,
siderophores and hydrogen cyanide is the primary mecha-
nisms of biocontrol. Therefore, the disecase suppression by
these strains which we reported here might be due to the
involvement of one of these mechanisms. Production of
secondary metabolites such as phenazine-1-carboxilic acid
(PCA), 2,4-diacetyl phloroglucinol (phl), pyoleutorin (plt),
pyrrolnitrin, oomycin and hydrogen cyanide (HCN) are also
characteristic features of biocontrol agents (Andrews 1992;
Knudsen et al. 1995). Probably, the accumulation of anti-
fungal products produced by P. fluorescens bv. 5 and other
strains on the phyllosphere region due to inoculation of
spikes with a high population of these strains resulted in a
positive influence on the growth and yield components of
wheat. The disease-suppressive mechanisms of the other
strains are currently being investigated.

Spraying phyllospheric parts with mixture strains of P.
fluorescens bv. 4 and 5 and also P. fluorescens bv. 4 plus E.
herbicola showed a positive influence on most yield com-
ponents of both wheat cultivars, however, spraying mixture
suspension of P. fluorescence bv 5 and Erwinia herbicola
caused a reduction in most wheat growth factors even when
compared with the control (Table 2). Also comparing dis-
ease severity and incidence in wheat cultivars, confirmed
the differences between sensitivity of cultivars to pathoge-
nic agents such as the mentioned fungi, since in these expe-
riments, cv. ‘Shanghay’ was more resistant and exhibit mil-
der symptoms spots and shrinked seeds, comparing with cv.
‘Falat’ (Tables 3, 4). Numerous biotic and abiotic factors
are likely to contribute to this inconsistent performance of
biocontrol microorganisms (Andrews 1992; Knudsen ez al.
1995; Maurhofer et al. 1995).

In conclusion, in the absence of highly resistant culti-
vars or highly effective registered fungicides, these results
indicate that, specific antagonistic bacterial agents especi-
ally in mixture could be considered as a viable option for
reducing wheat scab. The results also indicated that the spe-
cific interactions between biocontrol strains can influences
disease suppression by the combination of these strains,
which could be considered as part of a disease control stra-
tegy like integrated pest management, thought offers a suc-
cessful approach for the deployment of both agro-chemicals
and biocontrol agents. However, no uniformity in the results
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of using biocontrol agents especially in natural situation and
fields, emphasize the necessity of the continual study in this
regard as well as their ecological interactions. It is necessary,
therefore, to further investigation the microbial interactions
that enhance or detract from biocontrol in order to under-
stand and predict the performance of (mixtures of) biocon-
trol agents.
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