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Lemon grass, thyme and rose essential oils have been found to have inhibitory effects against the
myecelial growth of Aspergillus niger under in vitro conditions. Results indicated that all essential
oils treatments significantly reduced the linear growth of A. niger. Complete reduction was
obtained with thyme and lemongrass at concentration of 0.5%. Moreover, essential oils used to coat
seeds and sown in soil drenched with B. subtilis resulted in a significant reduction of crown rot
incidence of peanut, at both pre- and post-emergence stages under field conditions. Rose, thyme
and lemongrass in descending order could reduce the incidence of crown rot at both pre-and post-
emergence stages at the two successive growing seasons 2011 and 2012. Higher protective effect
against crown rot incidence at both pre- and post-emergence growth stages was observed when
essential oils integrated with B. subtilis as an applied soil treatment than that of individual applied
treatment. Also Rhizolex-T as seed treatment could significantly reduce disease incidence over the
control treatment. As for the harvested yield, all treatments were significantly higher than that in
the control treatment. The treatments of essential oils as seed dressing plus the bio-agent B. subtilis
showed higher yield production than those treatments using an essential oil or B. subtilis alone. The
present results show that application of essential oils in integration with the bio-agent B. subtilis
may be considered as an applicable, safe and cost-effective method for controlling such soil-borne
diseases.
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Introduction

Peanut (Arachis hypogaea L.) is
attacked by certain soil borne fungi causing
root diseases. The main pathogens responsible
for crown rot incidence of peanut was reported
to be Aspergillus niger (Suzui and Makino,

1980). Crown rot of peanut was found in the
sandy and reclaimed soils in Egypt (Nofal et
al., 1990; Anonymous, 2010). This disease
appears during the growing season at seedling
stage of plant growth and many occur earlier at
the pre-emergence stage, thus forcing the
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farmer to replant the missed hills or dead
plants. Also, it was reported that the fungus
Aspergillus niger may cause seed rot and pre-
emergence damping-off of seedlings, the most
obvious symptom is the sudden wilting of
young plants (Ciegler and Vesonder, 1987
Hawksworth, 1990). The economic importance
of Aspergillus crown rot is difficult to assess.
Generally scattered plants are affected,
although stand losses of 50% have been
reported in isolated fields (Damicone and
Melouk, 1990). In Egypt due to the economic
importance of peanut, the farmers repeat
planting even in the same land, which leads to
a high build-up of pathogens, causing serious
losses that could reach up to 18% (Anonymous,
2010). As the management strategy followed
by the farmers was considered to be an unwise,
intensive use of fungicides, this strategy was
not a satisfactory solution for controlling root
rot disease.

An investigation of crown rot disease is
considered particularly important in light of its
wide prevalence in Egypt, particularly in sandy
soils. Thus far, due to scientific and practical
difficulties, there is no economic way to
control root rot disease in many crops. The
application of biological controls using
antagonistic microorganisms has proved to be
successful for controlling various plant
diseases in many countries (Sivan and Chet,
1992). Sunick et al. (1997) recorded that
Bacillus sp. gave a highly antagonistic effect
against some pathogenic fungi including F.
solani. Moreover, Kim et al., (1997) found that
seed treatment with Bacillus spp. actively
controlled three fungal root diseases of wheat,
and Pseudomonas cepacia or P. fluorescens
applied to pea seeds acted as a biological
control agent against Pythium damping-off and
Aphanomyces root rot and was able to reduce
disease incidence (Parke et al. 1991; King and
Parke, 1993). In addition, Bacillus cereus has
proven to have beneficial effects on crop health
including enhancement of soybean vyield,
suppression of damping-off of tomato (Smith et
al.,, 1999) and alfalfa (Kazmar et al. 2000).
Extensive laboratory testing demonstrated a
powerful suppression of damping-off of alfalfa
by diverse strains of B. cereus, which
confirmed preliminary testing under field
conditions (Handelsman et al., 1990; Kazmar et
al., 2000).

On the other hand, there has been a
constant search for alternative and efficient
compounds for the control of plant pathogens.
The aim is a partial or total replacement of
antimicrobial chemical fungicides. Essential
oils are promising alternative compounds
which have an inhibitory activity on the growth
of pathogens. It is possible that essential oils
could be used in plant disease control as the
main or as adjuvant antimicrobial compounds.
Recently, there has been considerable demand
for the discovery of new natural antimicrobials
(Sagdic et al., 2003). Plant products with
antimicrobial properties have notably obtained
attention as possible applicants in order to
prevent bacterial and fungal growth (Lanciotti
et al., 2004). Plant products are characterized
as having a wide range of volatile compounds.
This means that essential oils could be used as
alternative anti-bacterial and anti-fungal treat-
ments (Jenny, 2000). It is evident from reviews
by Karapinar (1985) and Nanir and Kadu
(1987) that some plant extracts and essential
oils exhibited antifungal properties.
Application of essential oil is a very attractive
method for controlling plant diseases. Essential
oils and their components are gaining
increasing interest because of their relatively
safe status, their wide acceptance by consum-
ers, and their exploitation for potential multi-
purpose functional uses (Ormancey et al.,
2001). Recently, interest has been shown in
combining microbial biocontrol agents with
other chemical components to increase their
activity against plant pathogens. Essential oils
have been used successfully in combination

with a variety of treatments, such as
antibacterial agents, mild heat and salt
compounds (Karatzas et al., 2000). The

increasing interest in pesticide alternatives was
due to the toxicity implication of pesticides for
humans. Therefore, there will be an
increasingly driven demand motivated by
different priorities such as health benefits, cost,
ecological benefits, ethical issues, food safety
and sustainability of supply. Against this
background, and the demand for natural
products as raw material for new antifungal
agents, the objective of the present work was
aimed to determine the efficacy of some plant
derived essential oils against the growth of
peanut crown rot pathogen Aspergillus niger
under in vitro conditions. Application of
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essential oils as seed treatments in combination
with the bio-agent Bacillus subtilis as a soil
treatment was also evaluated against crown rot
incidence of peanut under field conditions.

Materials and Methods

The present work was developed at the
laboratory of Plant Pathology of National
Research Centre (NRC), Egypt. The confirmed
field experiment was carried out at the
Experimental Research Station of National

Research Centre at EI-Noubareia region,
Behera Governorate, Egypt. Tests were
performed with the pathogenic fungus

Aspergillus niger as well as the antagonistic
bacteria Bacillus subtilis which are kept at the
culture collection unit of the same laboratory.
Pure-grade of the essential oils, i.e. lemongrass
(Cymbopogon  citrates L.), rose (Rosa
centifolia L.) and thyme (Thymus vulgaris L.)
were obtained from Cairo Company for oils
and aromatic extractions, Cario Industrial
Development (CID), Egypt. The essential oils
were stored in dark glass bottles.

Laboratory tests:

Three essential oils (Table 1) at
concentrations of 0.25, 0.5 and 1.0% were
evaluated for their inhibitory effect on fungal
radial growth, through in vitro tests. Emulsified
stocks at high concentrations of tested essential
oils were prepared by dissolving in sterilized
distilled water. A few drops of the emulsifier
Tween 20 (Sigma Co.) were added to the
essential oil volumes to obtain an emulsion
feature. Different volumes of the essential oil
emulsion were added to conical flasks contain-
ing 100 ml of sterilized PDA medium before its
solidification, to obtain the proposed
concentrations. The supplemented media were
poured into Petri-dishes (9 cm) about 20 ml
each. The control check treatment was PDA
medium which was free of essential oils.

Disks (5 mm-diameter) of A. niger tak-
en from seven day-old culture were placed on
the centre of Petri dishes. All plates were
incubated at 25+2°C until the tested fungus
reached full growth in the check treatment.
Reduction in mycelial growth was calculated as
the percentage of fungal growth diameter in the
treatment, relative to the growth diameter in the

control. Each treatment was represented by 5
plates as replicates. This test repeated three
times and the average results were calculated.

Field Experiments:

The activity of integrated treatment of
bio-agent B. subtilis and soaked peanut seeds
took place with 0.5% of any of the following
essential oils (v:w) lemongrass, rose and thyme
against crown rot incidence. Activity of the
treatments was evaluated under field conditions.
This study was performed in a naturally
heavily infested field with peanut crown rot
pathogen, at the Experimental Research Station
of National Research Centre at El-Noubareia
region, Behera Governorate, Egypt during the
two successive growing seasons of 2011/2012.
A field experiment was established which
consisted of (3.5x6.0 m) plots, composed of 12
rows and a 25 cm spacing between plants
within a row.

The inoculum of bio-agent bacteria B.
subtilis was grown on Nutrient broth medium
and incubated in a rotary shaker at 200 rpm for
24 h at 28+1°C. The bacterial cells were
harvested by centrifugation at 6,000 rpm for 10
min, washed twice with 0.05 M phosphate
buffer at pH 7.0, and re-suspended in distilled
water. The concentration of bacterial cells in
the suspensions was adjusted, with the aid of a
haemocytometer slide, to 10°-10° cells per
milliliter. A few drops of the emulsifier Tween
20 (Sigma Co.) were added to the prepared bio-
agent to obtain a distributed separated
spores/cells suspensions. Inoculum of B.
subtilis inocula as liquid cultures (3x10°
cfu/mL) was used as soil drench at a ratio of
500 ml/m? soil. The bacterial inoculum was
incorporated into the top 20 cm of the soil sur-
face at planting row site (Abdel-Kader, 1997).

Peanut seeds (cv. Giza 3) were surface
disinfected by immersing in  sodium
hypochlorite (2%) for 2 min, and washed three
times with sterilized water, then dried between
two sterilized layers of filter paper. The
disinfected seeds were coated with a different
essential oils tested at the rate of 4 ml/kg seeds.
Seed dressing was carried out by applying the
tested essential oil to the gum moistened seeds
in polyethylene bags and shaking well to
ensure even distribution of the added materials.
The treated seeds were then left on a plastic
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tray to air dried. The fungicide Rhizolex-T 50
WP at the recommended dose (3 g/kg) was
applied as the seed dressing as stated before. In
addition, disinfected, untreated peanut seeds
were Sown as a comparison treatment.

Three seeds of peanut seeds c.v. Giza 3
per hole were used in all the treatments. Three
replicates (plots) per each relevant treatment
were used in a completely randomized block
design. Plots received the usual agricultural
practices, i.e. NPK fertilizer and irrigation etc.
Percentage of crown rot incidence at the pre-
and post-emergence of growth stages was
investigated and calculated 20 and 90 days
after the sowing date. The obtained yield was
estimated for each particular treatment as
ka/plot at the end of experiment. Recorded data
as the obtained results of the two growing
seasons were calculated as the average
percentages of pre-, and post-emergence crown
rot incidence as well as the produced yield.

The average percentage of peanut
crown rot incidence was recorded until 90 days
of sown. Determination of yield per m? was
also calculated.

Statistical analysis:

All in vitro and in vivo experiments
were set up in a completely randomized design.
One way analysis of variance (ANOVA) was

used to analyze the obtained results concerning
the following: 1. Differences between the
tested essential oil inhibitor effect and linear
growth of pathogenic fungi in vitro, 2.
Differences between integrated treatments of
seed dressing with essential oils and bio-agent
against crown rot pathogens, under field
conditions. General Linear Model option of the
Analysis System SAS (SAS, 1996) was used to
perform the analysis of variance. Duncan’s
Multiple Range Test at p < 0.05 level was used
for means separation (Winer, 1971).

Results and Discussion

Laboratory tests:

The essential oils evaluated in this work
have a great variety of phytochemicals (Table
1) that could be considered as responsible for a
larger or smaller antifungal activity.

Those phytochemicals are as follows: 1.
citrol or citral in lemongrass essential oil; 2.
citronellol, geraniol, nerol, stearoptene, o-
pinene, B-pinene, a-terpinene, limonene,
camphene, B-caryophyllene, citronellyl acetate,
eugenol in rose essential oil; 3. Thymol,
carvacrol, geraniol, thymol methyl ether, a -
pinene in thyme essential oil; (C.f. herb
information: www.holisticonline.com/Herbal-
Med/_Herbs/h280.htm ).

Table 1 Botanical plant classification and main active principles of their essential oil*

Common Scientific Family Major
name name active component
Lemongrass  Cymbopogon  Poaceae citrol or citral
citrates L.
Rose Rosa Rosaceae  citronellol, geraniol, nerol, stearoptene,
centifolia L. a-pinene,

B-pinene,
a-terpinene, limonene, camphene,
B-caryophyllene, citronellyl acetate, eugenol.

Thyme Thymus vulgaris Lamiaceae  thymol, carvacrol, geraniol, thymol methyl ether,

L. a-pinene

*According to Joy et al. (2001)

The inhibitory effect of lemongrass,
rose and thyme essential oils against the my-

celia growth of plant pathogenic fungus A.
niger presented in Table (2).

164


http://en.wikipedia.org/wiki/Citronellol
http://en.wikipedia.org/wiki/Geraniol
http://en.wikipedia.org/wiki/Nerol
http://en.wikipedia.org/w/index.php?title=Stearoptene&action=edit&redlink=1
http://en.wikipedia.org/wiki/%CE%91-pinene
http://en.wikipedia.org/wiki/%CE%91-pinene
http://en.wikipedia.org/wiki/%CE%92-pinene
http://en.wikipedia.org/wiki/%CE%91-terpinene
http://en.wikipedia.org/wiki/Limonene
http://en.wikipedia.org/wiki/Camphene
http://en.wikipedia.org/wiki/%CE%92-caryophyllene
http://en.wikipedia.org/w/index.php?title=Citronellyl_acetate&action=edit&redlink=1
http://en.wikipedia.org/wiki/Eugenol
http://www.holisticonline.com/Herbal-Med/_Herbs/h280.htm
http://www.holisticonline.com/Herbal-Med/_Herbs/h280.htm
http://en.wikipedia.org/wiki/Rosaceae
http://en.wikipedia.org/wiki/Citronellol
http://en.wikipedia.org/wiki/Geraniol
http://en.wikipedia.org/wiki/Nerol
http://en.wikipedia.org/w/index.php?title=Stearoptene&action=edit&redlink=1
http://en.wikipedia.org/wiki/%CE%91-pinene
http://en.wikipedia.org/wiki/%CE%92-pinene
http://en.wikipedia.org/wiki/%CE%91-terpinene
http://en.wikipedia.org/wiki/Limonene
http://en.wikipedia.org/wiki/Camphene
http://en.wikipedia.org/wiki/%CE%92-caryophyllene
http://en.wikipedia.org/w/index.php?title=Citronellyl_acetate&action=edit&redlink=1
http://en.wikipedia.org/wiki/Eugenol

Plant Pathology & Quarantine — Doi 10.5943/ppq/3/2/5
Table 2 Inhibitory effect of different essential oils on Aspergillus niger in vitro

Aspergillums niger

Essential oil Concen. Linear growth Growth reduction
% (mm) %
0.25 310c 65.6
Lemongrass 0.50 0.0d 100.0
1.0 0.0d 100.0
0.25 62.0b 31.1
Rose 0.50 30.0c 66.7
1.0 28.0c 68.9
0.25 35.0c 61.1
Thyme 0.50 0.0d 100.0
1.0 0.0d 100.0
Control 0.0 90.0a --

Figures with the same letter are not significantly different (p < 0.05)

Fungal mycelia growth decreased
significantly as the concentrations of essential
oils were increased, to reach the fungal
growth’s minimum at the highest concentration
used. Complete inhibition in fungal growth was
observed with 0.5% of lemongrass and thyme
essential oils. Mycelial growth of A. niger
showed more tolerance to rose essential oil that
its growth reduced by 68.9% at the highest
concentration used as 1.0%. Similar results
were also reported concerning the efficacy of
essential oils as antifungal inhibitors. Akgul
and Kivanc (1988) studied antifungal activity
of selected Turkish spices (black cumin, co-
riander, cumin, dill, laurel, oregano, parsley,
spearmint, white mustard) on some food-borne
fungi. They found that ground (1.0, 1.5, 2.0%
w/v) plus essential oil (0.05%, 0.025%)
showed an inhibitory effect on Aspergillus fla-
vus, A. niger, Geotricum candidum, Mucor spp.
and Penicillium roqueforti. Also, EI-Mougy et
al., (2007) reported that 4% of the tested
essential oils geranium, rose, lemon and mint
have an inhibitory effect against the mycelial
growth of R. solani and F. oxysporum f. sp.
phaseoli under in vitro, causing complete
inhibition in fungal growth. Furthermore, EI-
Toony et al. (2003) studied the biochemical
reaction of onion, garlic, eucalyptus, caraway,
fennel, black cumin, mustard, carnation,
neemix and trilogy essential oils against
mycelial growth of R. solani and Pythium
debaryanum in vitro. They found that complete
inhibition of both fungi was obtained by only
carnation oil at 4%, however considerable
inhibition (more than 90%) was obtained with
neemix and trilogy oils.

Field experiments:

The efficacy of essential oils as seed
coating sown together with the bio-agent B.
subtilis as soil drench against the incidence of
crown rot diseases of peanut was evaluated
under field conditions. Data in Table (3) and
Fig. (1) clearly demonstrate that all treatments
significantly  reduced disease incidence
compared with the control. Rose, thyme and
lemongrass in descending order could reduce
the incidence of crown rot at both pre-and post-
emergence stages by (25.7, 33.2 - 324,
32.0%); (48.5, 56.6 - 54.0, 54.0%) and (58.5,
58.4 — 56.7, 60.0%) at the two successive
growing seasons 2011 and 2012, respectively,
compared to (80.0, 75.4 — 75.6, 81.6%) in case
of the fungicide Rhizolex-T (Table, 4). Higher
protective effect against crown rot incidence at
both pre- and post-emergence growth stages
was observed when essential oils integrated
with B. subtilis as an applied soil treatment. A
similar trend was observed regarding the
applied treatments. Treatment of lemongrass
plus B. subtilis had the greatest effect on
disease incidence whereas reduction in crown
rot was recorded at the two successive growing
seasons 2011 and 2012 as 78.5, 73.5% and
75.6, 82.0% at pre- and post-emergence stages,
respectively. Similarly, treatment of thyme plus
B. subtilis reduced disease incidence by 76.0,
77.3% and 74.3, 79.6% in respective order at
pre- and post-emergence stages for 2011 and
2012 growing seasons (Table, 4). A high
significant effect was observed when using the
Rhizolex-T as seed treatment which reduced
disease incidence by 80.0, 75.4 — 75.6, 81.6%,
also Rhizolex-T treatment could significantly

165



Table 3 Incidence of peanut crown rot caused by A. niger in response to seed dressings with
essential oils and soil drench with B. subtilis under field conditions

Crown rot incidence (%)

Treatment Growing season, 2011 Growing season, 2012
Pre- Post- Pre- Post-
emergence emergence emergence emergence
Lemongrass 145¢ 220c 16.0c 200c
Rose 26.0 b 354D 25.0b 340b
Thyme 18.0¢c 230¢c 170c 23.0c
B. subtilis 17.0c 210c 14.0c 220c
B. subtilis + 7.5d 14.0d 9.0d 9.0d
Lemongrass
B. subtilis + 16.0c 23.2¢ 140c 18.0c
Rose
B. subtilis + 8.4d 12.0d 9.5d 10.2d
Thyme
Rhizolex-T 50% 7.0d 13.0d 9.0d 9.2d
Control 35.0a 53.0a 37.0a 50.0 a

Figures with the same letter are not significantly different (p < 0.05)

reduce disease incidence over the control
treatment (Table, 4).

As for the harvested vyield, all
treatments were significantly higher than that
in the control treatment. The treatments of
essential oils as seed dressing plus the bio-
agent B. subtilis showed higher yield
production than those treatments using an
essential oil or B. subtilis alone. Data in Table
(5) showed high effective treatments of
essential oils plus B. subtilis which helped
increase peanut yield whereas thyme recorded

an increase of 52.6, 67.4%; followed by
lemongrass 52.6, 69.8% and 36.8, 44.2% at the
two successive growing seasons 2011 and
2012, respectively. Seeds coated with essen-
tial oils only, caused a yield increase estimated
between 13.2-39.5% and 11.5-44.1% at the
two successive growing seasons 2011 and
2012, in respective order. High increase in
peanut yield (47.4 and 62.8%) was observed
with seed coated with the fungicide Rhizolex-T
over the check control treatment.

Table 4 Reduction in peanut crown rot incidence caused by A. niger in response to seed dressings
with essential oils and soil drench with B. subtilis under field conditions

Crown rot reduction (%o)

Treatment Growing season, 2011 Growing season, 2012

Pre- Post- Pre- Post-
emergence emergence  emergence emergence

Lemongrass 58.5 58.4 56.7 60.0

Rose 25.7 33.2 324 32.0

Thyme 48.5 56.6 54.0 54.0

B. subtilis 51.4 60.3 62.1 56.0

B. subtilis + 78.5 73.5 75.6 82.0

Lemongrass

B. subtilis + 54.2 56.2 62.1 64.0

Rose

B. subtilis + 76 77.3 74.3 79.6

Thyme

Rhizolex-T 50% 80 75.4 75.6 81.6
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Fig. 1 Reduction in peanut crown rot incidence caused by A. niger in response to seed dressings
with essential oils and soil drench with B. subtilis under field conditions.

Table 5 Peanut yield in response to seed dressings with essential oils and soil drench with B.
subtilis under field conditions

Growing season, 2011 Growing season, 2012
Treatment Yield Kg/m? Increase % Yield Kg/m? Increase %
Lemongrass 53b 39.5 6.0b 39.5
Rose 4.3d 13.2 48¢ 11.5
Thyme 50b 31.6 6.2b 441
B. subtilis 52b 36.8 6.0b 39.5
B. subtilis + 58a 52.6 7.2a 67.4
Lemongrass
B. subtilis + 52b 36.8 6.2b 44.2
Rose
B. subtilis + 58a 52.6 7.3a 69.8
Thyme
Rhizolex-T 50% 56a 47.4 70a 62.8
Control 3.8¢ -- 43d -

Figures with the same letter are not significantly different (p < 0.05)
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The  present  investigation  has
demonstrated the antifungal activity of all
treatments tested. This work proves that some
essential oils have potential and could be useful
when integrated with bio-agents against peanut
fungal pathogen. From the earlier reports
(Dabur et al., 2007; Bindu and Kumar, 2009) it
is evident that some of the plant products have
antifungal compounds which do have the
capacity to inhibit the fungal pathogens. There-
fore, there is increasing interest in obtaining
alternative antimicrobial agents for use in plant
disease control systems. One of the main
procedures used in the research of biologically
active substances is a systematic screening for
the interaction between microorganisms and
plant products. This procedure has been a
source of useful agents to control the microbial
survival (Salvat et al., 2001).

Plant products of a recognized
antimicrobial spectrum could appear in food
conservation systems as main antimicrobial
compounds or as adjuvant to improve the
action of other antimicrobial compounds (Kaur
and Arora, 1999). Among other chemical
products, aromatic plants possess essential oils
resulting from secondary metabolism. These
substances have a great economic potential,
especially in the food, pharmaceutical and
perfumery sectors. Thus, the number of studies
on the chemical composition and biological
properties of these oils, as well as the taxo-
nomic, environmental and cultivation factors
that lead to variation in their quantity and
quality, has been increasing (Simdes et al.,
2003). On the other hand, Nirmala et al. (1988)
showed that essential oil of Juniperus
communis may be applicable against a range of
damping-off diseases. Kumar and Tripathi
(1991) mentioned that extracts of Eupartrium
cannabinum completely inhibited the mycelia
growth of Pythium de-baryanum, R. solani and
S. rolfsii. Furthermore, Juglal et al. (2002)
studied the effectiveness of nine essential oils
to control the growth of mycotoxins producing
moulds and noted that, clove, cinnamon and
oregano were able to prevent the growth of
Aspergillus  parasiticus and  Fusarium
moniliforme. Benkeblia (2004) observed the
inhibitory effect of onion essential oil at
different concentrations, on the growth of F.
oxysporum, Aspergillus niger and Penicillium
cyclopinum. Furthermore, EI-Mougy et al.

(2007) reported that geranium, rose, lemon and
mint essential oils were tested as seed coating
and/ or foliar spray. They added that a
significant reduction in root rot and wilt
incidence of bean at both pre- and post-
emergence stages were recorded under
greenhouse conditions.

In the present study the introduction of
the bio-agent B. subtilis to the soil increased
the efficacy of essential oils against crown rot
incidence under field conditions. Similar
results were reported by Abdel- Kader (1997).
He stated that T. harzianum introduced to the
soil was able to reduce root rot incidence of
faba bean plants significantly more than the
fungicide  Rhizolex-T.  Moreover, the
application of biological controls using
antagonistic microorganisms has proved to be
successful  for controlling various plant
diseases in many countries (Chao et al., 1986;
Sivan, 1987; EI-Mougy, 2001; Wright et al.,
2003; EI-Mougy and Abdel-Kader, 2008).

Conclusion

The present study demonstrated that
lemongrass, rose and thyme essential oils were
found to have an inhibitory effect against the
mycelial growth of A. niger under in vitro
conditions. Moreover, application of an
essential oil as a seed coating sown in treated
soil with the bio-agent B. subtilis as integrated
treatment under field trails, resulted in a
significant reduction in crown rot incidence of
peanut. It may be concluded that application of
essential oils combined with bio-agent B.
subtilis is considered an applicable, safe and
cost-effective method for controlling such soil-
borne diseases.
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