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Management of Charcoal Rot (Macrophomina phaseolina) Infection
in Geranium (Pelargonium graveolens L.) Using Biocontrol Agents
and Essential Oils
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N a trial to control charcoal rot disease (Macrophomina phaseolina) in geranium using

ecofriendly strategies, antagonistic microbes and essential oils were used. the treatments
included three bacterial isolates, Bacillus polymixa, B. circulance, B. Subtilis and one fungus
Tricoderma harzianum in addition to five essential oils, (Syzygium aromaticum(cloves),
Ocimum basilicum L. (basil), Mentha spicata (Spearmint), Majorana hortensis Moench
(Marjoram) and Mentha piperita L. (Peppermint). The in vitro antagonistic effect of microbial
isolates and essential oils against M. phaseolina isolated from infected geranium was estimated
in Petri plats, The essential oils were used in three concentrations 1, 3 and 5 microliter/plate.
the most promising treatments were applied in an artificially infested geranium in a greenhouse
experiment along two growing seasons of 2017, 2018. The in vitro screening step indicated that
among the treatments, Bacillus subtilis and Trichoderma harzianum were the most promising
microbes against the fungal pathogen under study using the dual culture technique. On the other
hand, Peppermint oil recorded the highest reduction in radial growth of pathogen followed
by Basil oil while Marjoram oil had no effect on the growth of pathogen. The green house
experiment showed that, most treatments were efficient in pathogenicity reduction but the
microbial treatment exhibited an advantage over essential oil where growth and yield parameters
were sharply improved. The maximum enhancement was attained at T, treatment (infested +
dipping for 30 min before planting and spraying with 7. harzianum after every cutting process)
at all cuts during 2017 and 2018 seasons. Also, 7. harzianum increased oil %, which recorded
0.45,0.30 and 0.38% at 2017 season and 0.47, 0.31 and 0.39% at 2018 season for 1%, 2™ and 3%
cut respectively. Therefore, microbial and essential oil treatments not only reduced the fungal
infection but also enhanced vegetative growth of geranium plants.
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Introduction

Rose geranium (Pelargonium graveolens L.) is
an aromatic, bedding plant, cultivated mainly for
its essential oil production (Eiasu et al. 2012).
Geranium essential oil possesses high economic
value in international market because of its
very profound and strong rose-like fragrance in
addition to its medicinal importance like bleeding
staunch, wounds healing, ulcers disorders as well
as treatment of dysentery, diarrhea and colic
(Matthews 1995). Geranium is now substantial
aromatherapy oil used as balancing oil for both
mind and body (Dormon and Deans 2000).
Fungal plant pathogens are the main concern to
agricultural production worldwide. The estimated
yield decline as a result to plant diseases is

about 25 to 50% in the western and developing
countries, respectively (Gohel et al. 2006).

Charcoal rot, caused by the fungus
Macrophomina phaseolina (Tassi) is a root and
stems pathogen of many plants (Gupta et al. 2012).
M. phaseolina is widespread soil-borne pathogen
infects a widehost range, great longevity with
high competitive saprophytic potency (Su et al.
2001). Infection with charcoal rot was stimulated
by abiotic factors such as drought stress and
light-textured soil and/or biotic factors like
stress associated with host reproduction (Mihail
1989). This can be attributed to the overriding
of this pathogen in the hot months of the year
especially in the late spring/early summer when
temperatures often exceed 30 °C and a many
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plants wilt and rapidly die in the field (Fang et al.
2011). Also, M. phaseolina survives in soil and
on debris of diseased plants as resilient resistant
structures called microsclerotia that allow the
fungus to survive for years (Zveibil et al. 2012).
The production of too much microsclerotia in the
soil make its control is a difficult duty (Naseri
2008).

In addition, successive use of chemical
fungicides may lead to the emergence of
resistanant strains and causes environmental
pollution (Muthomi et al. 2007). On the other
hand, biological control and essential oils
provide an ecofriendly solution alternative to
chemical control. For biological control, several
microbes like Bacillus pumilus, B.subtilis and
B.licheniformis as well as Trichoderma viride
and Pseudomonas species have been considered
as a biocontrol agents against pathogens through
their ability to serve as a source of bioactive
compounds and plant growth promoting such
as antibiotic production, colonization site
competition, production of hydrogen cyanide,
hydrolytic enzymes, siderophores, ammonia,
fluorescent pigments and/or antimicrobial
volatiles (Keshavarz-Tohid et al. 2017; Sadeghi et
al. 2017; Lu et al. 2017; Omara et al. 2018). For
essential oils like Pelargonium roseum, Carum
carvi, Pimenta dioica, Cymbopogon nardus and
Thymus vulgaris have been considered antifungal
activity which may be attributed to their major
ingredients or a synergistic or antagonistic effect
with various compounds. Also, plant extracts
are among the biological control agents that
directly affect the plant pathogens and can induce
resistance in plants against phytopathogens
(Mishra and Raja 1999). Recently, plant extracts
have gained considerable attention as alternative
options to synthetic fungicides and efforts have
been made to utilize these extracts in the control
strategies against plant diseases (Elsharkawy and
El-Sawy 2015; Elkhwaga et al. 2018).

Several studies  have demonstrated
that microorganisms and essential  oils
can be used as a biocontrol agent in
controlling a number of plant diseases
with a high efficacy i.e. extract of lantana showed
broad antifungal activity against Aspergillus flavus
and A. niger (Fayaz et al. 2017), Colletorichum
falcatum (Sreeramulu et al. 2017). Also, charcoal
rot infection was substantially reduced by
seed coating of mungbean and sunflower by 7.
harzianum, Gliocladium virens and Streptomyces
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sp. (Hussain et al.1990).

Our study aimed to isolate and identify of
charcoal rot (Macrophomina phaseolina), from
stem tissues of infected geranium plant and
controlling using some of antagonistic microbes
and essential oils under invitro and invivo
conditions.

Materials and Methods

Microorganisms used

Three bacterial strains, Bacillus polymixa, B.
subtlis and B. circulance as well as one fungal
strain, Trichoderma harzianum were used in the
present study which provided from Bacteriology
Laboratory, Sakha Agricultural Research Station,
Kafr El-Sheikh, Egypt.

Essential oils used

Five types of essential oils, cloves (Syzygium
aromaticum), basil (Ocimum basilicum L.),
Spearmint  (Mentha  spicata), = Marjoram
(Majorana hortensis) and Peppermint (Mentha
piperita L.), were supplied from Assiut Organic
Company for oils extractions, Egypt.

Charcoal rot isolation

The fungal pathogen was isolated from stem
tissues of infected geranium plant bearing fungal
sclerotia and showing charcoal rot symptoms. The
sample was washed under tab water to remove
soil particles then the stem was fragmented into
small segments (5-10 mm), then sterilized for
2 minutes with 1% sodium hypochlorite and
washed 3 times with sterilized distilled water. The
pieces were placed on Chloroneb Mercury Rose
Bengal Agar (CMRA) medium and incubated at
28°C for 7 days Meyer et al. (1973). A charcoal
like dust of Macrophomina phaseolina was taken
from the growing edge of fungal growth, spread
onto Petri plates containing glucose agar medium
gl (glucose, 20 ; agar, 20 ), and incubated at 28°C
for 7 days. Single colony was then sub cultured on
CMRA agar medium and identified according to
Barnett and Hunter (1972). The fungal isolate was
stored on PDA slants at 4°C.

Antagonistic activity of bacterial strain and
T harzianum against M.phaseolina

The effect of bacterial and fungal strains on
growth of M. phaseolina was proceeded using
dual culture technique according to Kucuk and
Kivanc (2003). In case of bacterial strains, each
bacterial strain was spotted at 4 equidistant points
along the perimeter of the plate in three replicates.
Plates were incubated at 28°C for 48 h then 5-mm
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disc from the edge of a 7-day-old culture of
Macrophomina phaseolina was transferred to the
center of PDA plate then incubated for another 5
days at the same conditions Landa et al. (1997).
Plates without bacterial inoculation were used as
control. While, in case of T viride, one mycelial
disc was placed on opposite poles of PDA plates
and incubated at 25°C. Radial growth of pathogen
was measured after 5 days and compared to
control. At the end of incubation period, the length
of radial growth toward the bacteria (Ri) and that
on a control plate (Rc) were recorded. The relative
growth inhibition was calculated according to the
following formula: (Ri-Rc)/Re x 100 (Fokkema,
1973).

Antagonistic activity of essential oils against M.
phaseolina

The effect of studied essential oils on mycelia
growth of M.phaseolina according to Boyraz
and Ozcan (2006) with some modifications.
Five millimeter mycelia discs from the growing
margins of a seven days old culture were placed
on the center of PDA plate and then 1,3 and 5 pl of
essential oil were added on 5 mm sterile Watman
No. 1 paper disc in center of each petri plate cover.
The petri plates were sealed well using parafilm
and incubated at 28°C for 4 days. Distilled water
was used as control instead of oils. The inhibition
rate was calculated according to equation
developed by Deans and Svoboda (1990): I=C-T/
Cx100, where: I= Mycelial inhibition percentage,
C=mean of colony diameter of control, T= mean
of colony diameter of treatment.

Plant growth promoting ability of the studied
strains

Indole-3-acetic acid (IAA) analysis was done
as reported by Ivanova et al. (2001). Siderophore
production was determined by the Schwyn and
Neilands (1987) method using CAS agar plates.
Cyanhydric acid (HCN) production was carried
out according to the method described by (Lorck
1948). Chitinase by Saima et al. (2013) and
protease by Sjodahl et al. (2002).

Greenhouse experiment

Pot experiment was carried out at Sakha
agricultural research station, Kafrelsheikh, to
investigate the effect of dipping and spraying
with the two most promising microbes, strains
(B. subtilis and T. harzianum), and the two most
potent essential oils (peppermint and basil),
to control of M. phaseolina infested geranium
plants along two growing seasons 2017 and 2018.
Pot experiment was conducted in loam soil in

texture having the following characteristics: pH,
7.90; EC, 0.166 dS m'; organic matter (%), 1.32;
soluble cations Ca*, Mg*, Na*and K*(meq L),
0.76, 0.59, 0.45 and 0.17, respectively; soluble
anions CO,~, HCO,, CI'and SO, (meq L), 0.0,
1.0, 0.56 and 0.41, respectively; available N (Kg
mg™'), 7.44; available P (Kg mg™), 6.80; available
K (Kg mg "), 331.1. Also, total count of bacteria,
140 x 10’CFU; total count of fungi, 55 x 10*CFU
and total count of actinomycetes, 35 x 10°CFU
(Allen 1959).

Soil infestation

Seeds of wheat were thoroughly washed, air
dried and then distributed into 500 ml bottles then
autoclaved at 1.5kg cm™ for 45 min. bottles were
inoculated with discs of 7 days old cultures and
incubated at 28 + 1°C. After sufficient growth
had been obtained, contents of the bottles of each
isolate were thoroughly mixed. Pots of 25 cm in
diameter were filled with 5 Kg autoclaved (1.5kg/
cm? for 45 min) soil then mixed thoroughly with
the prepared inoculum at the rate of 10 g kg' and
kept moistened 7 days before planted. Geranium
cutting were planted onl5" April in the two
seasons which supplied from Sakha Horticulture
Research Station, Kafrelsheikh, Egypt. The
experiment was carried out as 11 x 4 complete
randomized block designed, i.e. 11 treatment and 4
replicates for each treatment under soil infestation
conditions with M. phaseolina (Table 1). Mineral
fertilizers program was applied according to the
recommendations of Ministry of Agriculture and
Land Reclamation.

Measurements

Three cuts were obtained on 1%October,
It March and 16™ June at the two seasons.
Enumeration of dead plants was established at the
third cutting. Measurements included plant height
(cm plant!), number of branch plant’, leaves to
stem ratio, herb yield fresh weight (g plant™),
infection percentage and oil percentage.

Statistical analysis

The statistical analysis was done for data using
CoStat software program by LSD method (Steel
and Torrie 1980).

Results

Charcoal rot isolation
According to Kaura et al. (2013), the
fungal genus was morphologically identified
as M. phaseolinaas shown in Table 2. When
the epidermis of lower stems and taproots is
removed (by scraping with the Thumb nail),
Env. Biodiv. Soil Security Vol. 2 (2018)
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TABLE 1. Treatments used for greenhouse experiment.

Symbol Treatment
T, Uninfested and untreated (control)
T, Infested and untreated
T, Infested and treated with commercial fungicide (Vitavax 200 40%)

Infested soil + cuts dipped (30 min) beforeplanting in ten diluted broth culture* of B. subtilis and sprayed

T
4 with (5 ml pot™!) after every cutting with the same microbial dilution

T Infested soil + cuts dipped (30 min) before planting in ten diluted broth culture* of 7. harzianum and
5 sprayed with (5 ml pot™) after every cutting with the same microbial dilution

T Infested soil + cuts dipped(10 min) before plantingin peppermint oil (300 ppm) and sprayed (5 ml pot™)
6 after every cutting with same oil dilution

T Infested soil + cuts dipped (10 min) before planting in peppermint oil (500 ppm) and sprayed (5 ml pot™)
7 after every cutting with same oil dilution

T Infested soil + cuts dipped (10 min) before planting in peppermint oil (700 ppm) and sprayed (5 ml pot™)
8 after every cutting with same oil dilution

T Infested soil + cuts dipped (10 min) before planting in basil oil (300 ppm) and sprayed (5 ml pot™) after
’ every cutting with same oil dilution

T Infested soil + cuts dipped (10 min) before planting in basil oil (500 ppm) and sprayed (5 ml pot™) after
10 every cutting with same oil dilution

T Infested soil + cuts dipped (10 min) before planting in basil oil (700 ppm) and sprayed (5 ml pot™) after

every cutting with same oil dilution

“The broth culture of B. subtilis contained 7x10° CFU ml"! and T. harzianum (10 g dry biomass 1), the broth cultures of
the two microbes were diluted ten folds before dibbing or spraying
" Using tween 80 as emulsifier

TABLE 2. Some morphological characters of M. phaseolina isolate.

Character Description
Colony color Blackish grey
Feathery +H++

Radial growth after 7 days 90 mm

Sclerotia shape Oblong shape with irregular edges

Sclerotia size 15.2-16.6 um

extremely small, jet-black fungal structures harzianum against M. phaseolina

called microsclerotia will be found embedded in
the diseased tissue microsclerotia are usually so
numerous that they resemble charcoal dust.

Antagonistic activity of bacterial strain and T.

Env. Biodiv. Soil Security Vol. 2 (2018)

Among the bacterial strains used in this study,
T. harzianum and B. subtilis recorded the highest
antagonistic effect 67.5 and 62.5% against the
fungal pathogen (M. phaseolina), respectively,
compared to the other bioagents under studying
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TABLE 3. Effect of different microorganisms in growth inhibition of M. phaseolina using dual culture techniques.

Bio control agents Radial growth of pathogen (mm) Reduction %
Control 40 -

B. polymixa 20 50

B. circulance 25 37.5

B. Subtilis 15 62.5

T. harzianum 13 67.5
LSD 0.01 1.9%*

Fig. 1. The antagonistic effect between (A) M. phaseolina and B. Subtilis (B) Light microscope image x 400 of
pathogen growth edge toward B. Subtilis (C) Light microscope image x 400 of un affected pathogen growth
edge (D) M. phaseolina and Trichoderma(E) Light microscope image x 400 of pathogen growth edge toward
Trichoderma (F) Light microscope image x 400 of un affected pathogen growth edge (G)M. phaseolina(H)
fungal mycelia affected by peppermint oil (K)fungal mycelia affected by basil oil.

Env. Biodiv. Soil Security Vol. 2 (2018)
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the dual culture techniques as shown in Table 3
and Fig. 1.

Antagonistic activity of different essential oils
concentrations against M. phaseolina

As shown in Table 4, the effect of different
concentrations of essential oils against M.
phaseolina after 24h was zero except in case of
(Spearmint) and (Peppermint) and at the same
concentration the highest inhibition ratios were
achieved after 48 h and declined again after 72h.
While, at intermediate and high concentrations,
the highest inhibition rations were achieved

48 h of incubation. In general, it was observed
that growth reduction ratios were increased
with the increase of essential oil concentration
especially after 48h incubation. Among the
treatments, treatment with (Peppermint) recorded
the highest reduction in growth while treatment
with (Marjoram) had no effect on the growth of
pathogen. The variations in antifungal activity
among the tested essential oils in this study may
be attributed to the respective composition of the
herbal essential oil, the structural configuration of
the constituent components and their functional

after 24 h and began to decrease during the next l%:t)\l)lvlésen 221(111)53:121(61)02,2:;%28380).interaCtions

TABLE 4. Effect of different concentrations of essential oils (uL plate™) on growth of M. phaseolina.
Concentration 1pL 3uL 5 uL

Reduction %

Days 1% 2nd 3rd 1 2nd 3rd 1% 2nd 3rd
Cloves 0 8 0 16.5 10 11 16.8 16 22
Basil 0 3 2 332 17.2 5.36 60 46.2 271
Spearmint 23 8.13 0 33 8.4 0 33 16.6 0
Marjoram 0 0 0 0 0 0 6 0 0
Peppermint 13.1 8 10 50 51.5 443 66.2 61.4 52.2
LSD 0.01 0.37%*

Plant growth promoting Generally, in all treatments, plant height was

Positive results of plant growth promoting
produced by the most two antagonistic effect
microbes B. Subtilis and T. harzianum for
hydrolytic enzymes (chitinase and protease) in
addition to cytotoxic agent (HCN) and compounds
responsible for iron starvation (Siderophore).
Also, the two microbes show the ability to form
plant growth promoting agent Indole Acetic Acid
(IAA).

Greenhouse experiment

Plant height and number of branches

As shown in Table 5, the dipping and foliar
spray with the varied biocontrol agents and
essential oil concentrations on plant height and
number of branches gave significant differences
than control in both seasons under infested soils.

Env. Biodiv. Soil Security Vol. 2 (2018)

decreased with increasing number of cuts which
the average maximum of height plant was attained
at T, treatment (infested + dipping for 30 min and
spraying with 5 ml pot! with 7. harzianum (10
g dry biomass 1), which was 50.20 and 51.20
cm, followed by T, treatment (infested + dipping
for 30 min and spraying with 5 ml pot' with B.
subtilis (7x10° CFU ml"), which was 50.10 and
48.20 cm compared to different control treatments
at the all cuts during 2017 and 2018 seasons,
respectively. Where, the average maximum of
number of branches were recorded 13 and 13.3 for
T, treatment and 12.8 and 12.5 for T, treatment
compared to different control treatments during
2017 and 2018 seasons, respectively.
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TABLE 5. Effect of biocontrol agents (B. subtilis and T. harzianum) and different essential oil concentrations on
plant height and number of branchesof geranium plantsduring 2017 and 2018 seasons .

Plant height (cm)
Treatments 2017 2018
1% cut 2" cut 34 cut I* cut 2 cut 34 cut
T1 54.6 b 37.7 243¢ 53.00d 393 24.7¢
T2 47.0¢ 347" 17.34 4834 36.3 16.7 ¢
T3 67.7® 44.0% 25.0 % 64.7 = 43.7 24.0¢
T4 70.7¢2 48.0 31.7¢ 67.3® 45.7 31.7%
TS5 74.7% 45.0% 31.0® 75.0¢° 48.3 31.3®
T6 50.3¢ 38.3% 23.3¢ 50.0 ¢ 393 24.0°
T7 56.7¢ 37.7%® 31.7¢ 54.7 b4 34.7 31.7%®
T8 58.3b 37.3® 26.7% 55304 40.3 26.3 be
T9 52.0¢ 3932 26.0% 56.3 b4 43.3 25.7¢
T10 58.7b 43.0® 30.7% 57.3bd 43.0 33.0®
T11 67.3%® 393 27.0% 61.7% 42.0 26.0%
L.S.D 0.05 823" 7.56" 4.09 ™ 9.6 n.s 397"
No. branches plant*
2017 2018
Treatments I* cut 2M cut 34 cut 1% cut 2M cut 3 cut
T1 4.0¢ 14.3¢® 12.3 4.0 < 14.0° 12.7%®
T2 3.04 11.72 10.7 2.74 11.7# 9.7°
T3 13.0 7.0° 11.3 12.7%® 7.3°% 10.7 @
T4 14.0? 12.7¢ 13.0 14.3° 13.0° 12.7 @
T5 10.7° 14.0 13.7 11.3° 13.7¢@ 12.7 %
T6 5.0 12.3¢° 12.3 4.0« 13.0¢° 13.0®
T7 5.3« 12.7¢ 12.7 5.7 12.3¢ 13.0*
T8 3.04 12.02 11.7 2.74 12.7 2 11.7%
T9 3.04 13.7¢ 12.7 334 14.0° 13.0
T10 53 12.7¢ 14.0 53¢ 1332 14.7¢
T11 8.0¢ 10.72 12.3 6.7°¢ 10.3 @ 12.0
L.S.D 0.05 2.65™ 7.56" n.s 2.04 2.19™ 2.41"

For more details about the treatments, please refer to Table 1

Leaves to stem ratio and Herb yield fresh weight

Table 6 depicted the results of leaves to stem
ratio and herb yield fresh weight of geranium
plant. Highly significant variations in the above
mentioned parameters were observed under
both of dipping and spraying with different
treatments with biocontrol agents and essential
oils. For leaves to stem ratio, an increase was
observed with increasing the number of cuts and
the same trend was also exhibited with the high
concentration from essential oil treatments. For
example, at the third cut during 2017 and 2018
growing season, T, treatment (infested + dipping
for 10 min and spraying with 5 ml pot! with
basil (700 ppm), recorded the highest values in
leaves to stem ratio 6.96 and 6.74 compared to the
other concentrations treatment, respectively. For
herb yield fresh weight parameter, all treatments
showed that the first cut attained the highest
fresh weight of herb yield then decreased in the
other cuts during 2017 and 2018 seasons. Also,

biocontrol agent treatments (B. subtilis and T.
harzianum) recorded the highest values more than
different essential oil and control treatments.

Infection percentage

Infection percentage of geranium plants
as affected by biocontrol agents (B. subtilis
and 7. harzianum) and different essential oil
concentrations are illustrated in Table 7. Disease
severity was reduced as a result for microbial
and essential oils application compared with the
control. Under soil infested with M. phaseolina, it
was noticed that dipping for 30 min and spraying
with 5 ml pot! with T harzianum treatment (T )
was the most reduction for biocontrol agent. But
for essential oils, T, treatment (dipping for 10 min
and spraying with 5 ml pot! with basil (300 ppm),
was the most reduction treatment compared with
the control at the two growing seasons.

Oil percentage

Among Dbiocontrol agents (B. subtilis

Env. Biodiv. Soil Security Vol. 2 (2018)
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TABLE 6. Effect of biocontrol agents (B. subtilis and T. harzianum) and different essential oil concentrations on
leaves to stem ratio and herb yield Fresh weight of geranium plants during 2017 and 2018 seasons.

Leaves to stem ratio

Treatments 2017 2018
I* cut 2" cut 34 cut 1% cut 2" cut 34 cut
Tl 2.38® 4.21® 4.5]cde 2.42% 441° 4.47%%
T2 2.31® 4.58® 5.00¢ 2.56° 4.65° 4,830
T3 2.03% 3.42° 4.43¢cde 1.94b<d 3.64¢ 4.68bcde
T4 1.86% 3.80%® 4.43¢cde 1.82¢ 3.82¢ 4,394
T5 1.89% 4.02:® 4.13¢% 1.92bd 4.04° 4,21
T6 2.22abe 4.49® 3.66% 2.17%¢ 4,532 3.66%
T7 2.85¢ 4,53 6.93¢ 2.69¢ 4.69° 6.54¢
T8 2.27% 4.85¢° 6.29%® 2.32:b¢ 4,942 6.02%
T9 2.04¢ 3.75% 341¢ 1.99b<d 3.88¢ 3.13¢
T10 2.020 4.08® 5.64 1.97b« 4.26° 5.46:%¢
T11 1.49¢ 4.22® 6.96° 1.534 4432 6.74¢
L.S.D 0.05 0.46 ™ 0.81° 0.93" 036 n.s 1.08 ™
Herb yield fresh weight (g plant™)
2017 2018
Treatments 1% cut 2% cut 34 cut I* cut 2% cut 34 cut
T1 78.9 < 76.33 ¢ 39.10°¢ 79.00 77.53 < 3840 f
T2 68.8¢ 73.70 ¢ 3040° 71.66 ¢ 72.73 ¢ 30.27 ¢
T3 95.9° 54.00 ¢ 45.6 % 96.00 ° 57.33¢ 47.50°¢
T4 113.5¢ 91.33° 69.3 @ 114.64 ® 90.43° 68.6 ®
T5 108.8 ¢ 103.78 # 73.42 110.44 ¢ 104.83 # 72.40°
T6 73.8 ¢ 77.40 ¢ 58.7 b 74.28 ¢ 80.40 ™ 56.9 «
T7 75.7 ¢ 82.53 b 65.10 78.11 < 84.17 % 62.63%
T8 84.4 82.27 % 60.0 > 84.68 ™ 83.53 b 58.5«
T9 84.3 ™ 74.47 ¢ 543« 84.60 ™ 75.80 < 52.30%
T10 88.2 b 82.93 b¢ 54,5 88.71% 84.87 b 54.7 <
T11 90.6 > 87.80° 63.1% 89.17 b 90.43° 63.7 b
L.S.D 0.05 8.68 ™ 7.13™ 7.52™ 8.04 ™ 7.1 6.36 ™

For more details about the treatments, please refer to Table 1

TABLE 7. Effect of biocontrol agents (B. subtilis and I. harzianum) and different essential oil concentrations on
infection percentage of geranium plants during 2017 and 2018 seasons.

Infection %

Treatments 2017 2018
T1 0.0° 0.0¢
T2 72.2¢% 66.7 %
T3 222° 27.8°
T4 5.6° 5.6
T5 5.6° 0.0¢
Té6 5.6° 5.6%
T7 5.6° 5.6%
T8 11.1° 22.2 %
T9 5.6° 0.0¢
T10 11.1° 16.7 b
T11 16.7° 222t

L.S.D 0.05 17.02 14.74 ™

For more details about the treatments, please refer to Table 1

Env. Biodiv. Soil Security Vol. 2 (2018)
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and T. harzianum) and different essential oil
concentrations (peppermint and Dbasil). T
harzianum had maximum positive effect and
increased of oil %, which recorded 0.45, 0.30 and
0.38% at 2017 season and 0.47,0.31 and 0.39% at
2018 season for 1%, 2" and 3 cut, more than other
treatments and control, respectively (Table 8).

Discussion

Biological  control introduces  several
advantages over other types of pathogen
control such as: high specificity against targeted
pathogens, low cost of production and application
as well as ecofriendly. The antagonistic
mechanisms through which biological control
agent affect pathogens community are variable
and not always clear, but generally may be related
to one of the following: (1) direct parasitism
leading to death of the pathogen; (2) competition
on nutrients and space and (3) production of
cytotoxic compounds such as antibiotics or toxic
volatiles (Heydari and Pessarakli 2010; Omara
et al. 2018).

For antagonistic activity of bacterial straina
gainst M. phaseolina. An inhibitory zone was
detected suggesting the presence of fungi
static metabolites produced by B. subtilis. It
has been reported that B. subtilis can produce
several antifungal metabolites such as subtiline,
bacitracin, bacillin and bacillomycin, which
belong to the iturine family (Alippi and Ménaco,
1994). The antifungal activity of B. subtilis
may be also due to the production of antibiotics

(Silva et al. 2001). Also, hydrolytic enzymes
such as chitinase and glucanase produced by
Bacillus sp. play a significant role in fungal
growth control through degradation of fungal cell
wall (Chet et al. 1990; Ashwini and Srividya
2014).

In the current study B. subtilis and T harzianum
were able to produce some hydrolytic enzymes
like chitinase and protease responsible for fungal
cell lytic leading to inhibition of growth, this can
be clearly observed in Fig 1b, ¢) where in case of B.
subtilis the part of fungal growth toward bacterial
growth was pushed to produce sclerotia earlier
than the other side of growth which not subjected
to the effect of growing bacteria leasing to shorten
its life cycle. The suggested strategy used in
this case may by the production of siderophores
leading to iron starvation which affect pathogen
growth. Previous studies have demonstrated that
Trichoderma species can be used as a biocontrol
agent in controlling a number of plant diseases
with high efficacy (Kucuk and Kivanc 2003;
Omara et al. 2017, 2018; Elkhwaga et al. 2018).
Also, the light microscope image illustrates the
possible mechanism used by the Trichoderma to
inhibit fungal growth where the affected pathogen
mycelia appeared empty from cytoplasm and its
component in addition to loss of septation, so it is
likely that the mechanism involved in this case is
related to the hydrolytic enzymes.

Essential oils are promising antifungal agents
that can be easily produced and purchased. The
potential of these oils can be related to the activity

TABLE 8. Effect of biocontrol agents (B. subtilis and T. harzianum) and different essential oil concentrations on
oil percentage of geranium plants during 2017 and 2018 seasons.

Oil %
Treatments 2017 2018
1t cut 2" cut 3 cut 1 cut 2" cut 3rd cut
T1 0.28® 0.22 0.15¢ 0.23% 0.23" 0.15¢
T2 0.21° 0.21 0.14¢ 0.21¢ 0.21° 0.14¢
T3 0.32: 0.26 0.30° 0.34 % 0.26% 0.31%
T4 0.35%® 0.30 0412 0.29b¢ 0.29 0.404%
T5 0.452 0.30 0.38» 0472 0.312 0.392
T6 0.33% 0.25 0.37: 0.37% 0.25® 0.35%®
T7 0.31% 0.22 0.29° 0.33% 0.23° 0.31%
T8 0.25° 0.27 0.34% 0.27% 0.28% 0.32%
T9 0.32% 0.24 0.35% 0.37% 0.23° 0.33%
T10 0.34 0.25 0.37¢ 0.39 0.27¢ 0.37:
T11 0.29% 0.27 0.29° 0.29b 0.29% 0.29°
L.S.D 0.05 0.11™ n.s 0.062 0.1™ 0.05 ™ 0.055 ™

For more details about the treatments, please refer to Table 1
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of many ingredients such as phenols, thymol and
carvacrol. Several studies (Carmo et al. 2008;
Gallucci et al. 2014; Fayaz et al. 2017; Shabana
et al. 2017; Elkhwaga et al. 2018) considered
phenol compounds as the most effective
ingredient with the highest antifungal activity
among all terpene compounds of essential oils.
The suggested mechanism is that monoterpene
alcohols disrupt the permeability of the fungal
plasma membrane and inhibit the respiration
process on mitochondrial membrane (Cox et al.
2000; Deba et al. 2008). There are several studies
about improving growth dynamics and increased
availability of nutrients in the rhizosphere
(Patten and Glick 2002). It is clearly observed
that B.subtilis and T. harzianum treatments and
essential oils caused sharp increase in vegetative
growth such as plant height, branches, leaves
number, and oil yield (Lu et al. 2017; Sadeghi et
al. 2017; Omara et al. 2018).

Conclusion

In general, disease severity was reduced as a
result of microbial and essential oils application
compared with the control. The average reduction
of pathogen infection was about 92% compared to
infested control in most treatments except in case
of treatment with some concentrations of essential
oils. Microbial treatment not only reduced the
fungal infection but also enhanced plant growth
parameters including both vegetative growth and
oil yield. It is clearly observed that B.subtilis and
T harzianum as well as essential oils treatments
caused sharp increase in plant growth such as
plant height, branches, leaves number, and oil
yield in both seasons.
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