Zagazig J. Agric. Res., Vol. 39 No. (5) 2012 849-862

Zagazig Journal of Agricultural Research Fi % b Y
www.zu.edu.eg/agr/journals % .‘__-; #

SUPPRESSION OF BEAN ROOT ROT BY VARIOUS AQUEOUS PLANT
EXTRACTS AND SOME BENEFICIAL MICROORGANISMS IN VITRO AND
IN VIVO CONDITIONS
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ABSTRACT

Three different aqueous plant extracts neem (Azadirachta indica L.) and camphor (Eucalyptus
deglupta L.) leaves as well as garlic {4llium sativum L.) cloves and two beneficial microorganisms
namely Trichoderma harzianum Rifai and Bacillus subtilis Cohn were investigated to evaluate their
antagonistic effect against Rhizoctonia solani (Kuhn.) and Fusarium solani (Mart.) Sacc. under
laboratory and greenhouse conditions. Garlic extract exhibited the best effect in reducing linear growth
of both soil borne pathogens R. solani and F. solani comparing with the other two plant extracts. T.
harzianum shows significant effect in reduction of pathogenic mycelial growth, R. solani, F. solani,
compare with B. subtilis and control treatment. Different concentrations of plant extracts 10%, 5% and
2.5% were used to control damping off disease of bean under greenhouse conditions. Positive
correlation between concentration of plant extracts and reduction in damping off disease, was
observed. Garlic extract revealed the best result in reducing the disease incidence compare with other
plant extracts or control treatment. Two bioagents were used at three different rates i.e. 100, 50, 25
ml’kg seeds. Obtained data revealed that, both bioagents reduced the disease incidence at all used
rates. B. subtilis exhibited better results than 7. harzianum. Positive correlation between doses of
bicagents and percentage of surviving plants was noticed. Plant extracts or bioagents, under test, were
used in two different forms, i.e. as powder or water preparation. Data obtained revealed that, plant
extracts were more effective in powder form than liquid one. Garlic preparation gave the best result in
this regards compare with other plant extracts or contro! treatment. On the contrary, in case of tested
bicagents water preparation when used for bean seed soaking before planting gave better results
compare with using the same antagonist in form of powder. B. subtilis shows more protection effect
for bean seeds compare with T. harzianum or control treatment.

Keywords: Biological control, beans damping off, neem, camphor, garlic, Trichoderma spp., Bacillus
subtilis.

INTRODUCTION

Common bean (Phaseolus vulgaris L.) is the
most important food legume crop grown
worldwide (Wortmann and Allen, 1994;
Wortmann et al., 1998 and Buruchara, 2006).
Beans are considered by many to be the perfect
food as it contain high amount of protein,
micronutrients, vitamins, dietary fiber, and also
have a low glycemic index (Wortmann and
Allen, 1994; Bennink, 2005; Widers, 2006 and
Nzungize et al, 2011). In world crop
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production, preharvest losses due to fungal
diseases may reach 12% in developing countries
(Lee et al., 2001). Fungicides are widely used as
seced or soil treatment to depress various root
diseases. However, use of fungicides causes
environmental hazards and development
resistance pathogen varieties. Control diseases
using chemical fungicides lead to pollution of
atmosphere and negatively affect the properties
of treated plants. Since the end of the Second
World War, there has been a great boom in the
use of fungicides throughout the world. After
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the great justified alarm in the early 60s about
the dangerous consequences to man and
environment in the area of phytotoxicity
(Williams, 1975), there is an urgent need for
alternative methods of plant discase control. In
recent years, more emphasis has been given to
the use of bioagents, plant growth promoting
rhizobacteria (PGPRs) and plant extracts, either
alone or in combination. Integrated management
of root rot pathogens have been reported by
several workers (Bowers and Locke, 2000;
Momin and Nair, 2001; Suriachandraselvan and
Seethuraman, 2002; Sharma and Gupta 2003,
Sobti ef al., 2005; Yadav ef al., 2005 and Sitara
et al,, 2008).

Garlic cloves is reported to contain volatile
oils, alliin (S-allyl-L-cysteine sulfoxide «(S-
methyl-L-cysteine sulfoxide and allinase). It is
rich in vitamins like thiamine, riboflavine and
niacin. Volatile oil contains allicin (diallyl
thiosulphinate), an active odour principle of
garlic. Other major compounds present are
diallyl disulphide, diallyl trisulphide, ailyl
methyl trisulphide and allyl methyl disulphide
(Husain er al., 1992). Bulbs also have anti-
bacterial and anti-fungal activity (Joy et
al.,1998). Garlic extract was used as seed
treatment to depress Pythium aphanidermatum
growth .Inhibition of plant pathogen is due to
the effect of plant products used, which inhibit
hydrolytic enzymes production in the pathogen
by different degrees (Kurucheve and
Padmavathi, 1997). Garlic cloves extract is very
effective against F. solani, R. solani and
Sclerotinia sclerotiorum the causal organisms of
watermelon and cantaloupe damping off
(Shalaby and Atia, 1996). Soil amendment with
neem {Azadirachta indica) seed cake, was
significantly effective against F. solani,
Macrophomina phaseolina and R. solani
(Ehteshamul e al., 1998). Moslem and El-
Kholie (2009) reported that neem leaves and
seed extracts were effective as antifungal against
Alternaria solani, F. oxysporum, R. solani and
S. sclerotiorum. Plant extracts of neem, camphor
leaves and garlic cloves reduced linear growth
of cucumber soil-borne pathogens. The most
effective concentrations in this regard were 5%
that led to significant reduction in damping off
disease incidence (Tohamy et al, 2002).
Trichoderma spp. occur worldwide and are

commonly associated with root soil and plant
debris (Howell, 2003). Past research indicated
that Trichoderma spp. can parasitize fungal
pathogens and produce antitiotics. Weindling
(1932) described in detail the mycoparasitism of
a fungal pathogen causing damping off disease
JRhizoctonia solani, by the hyphae of
Trichoderma, including coiling around the
hyphae, penetration, and subsequent dissolution
of the host cytoplasm. He also described an
antibiotic gliotoxin; which was toxic to both R
solani and Sclerotinia americana. In the
following year similar results were reported by
other plant pathologists. The mechanism of
antibiosis was demonstrated in several studies.
An antibiotic, gliovirin, from T virens
demonstrated strong inhibition of Pythium
ultimum and the Phytophthora species (Howell
and Stipanovic, 1995).

More recent research indicated that certain
strains of Trichoderma can induce systemic and
localized resistance to several plant pathogens.
In this respect, plants treated with Trichoderma
in the root zone can produce higher levels of
peroxidase, chitinase, deposition of callose-
enriched wall appositions and pathogenesis-
related proteins on the inner surface of cell
walls. Moreover, some strains may enhance
plant growth and development (Howell, 2003).
Many researchers have demonstrated the
potential of Trichoderma spp. in controlling
damping-off and wilt diseases of crop plants
caused by R. solani and F. spp. (Dubey et al.,
2007 and Rojo et al., 2007). Abo-Elnaga, (2006)
used B. subtilis as a biocontrol agent for
controlling sugar beet damping-off disease. The
usage of B. subtilis as seed treatment reduced
the percentage of damping-off incidence of
sugar beet under greenhouse conditions. Tomato
plants treated with B.subtilis only and/or T.
harzianum have shown biocontrol activity
against damping off and root rot disease and
gave high yield of tomato (Morsy, 2005;
Zaghloul et al, 2007 and Morsy et al. 2009).
Both Trichoderma spp. and Bacillus spp. are
wide spread throughout the world and have been
recognized as the most succesaful biocontrol
agents for soil borne pathogens. Several modes
of action of the efficiency bioagents on reducing
plant diseases have been described, including
competition for nutrients, antibiosis, induced
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resistance, mycoparasitism, plant growth
promotion and rhizosphere colonization
capability (Bailey et al., 2008; Hassanein ef al.,
2006; Siddiqui and Akhtar, 2007 and Abd-El-
Moneim, 2011).

The main objective of the current study is to
evaluate using of T. harzianum and B. subtilis as
biocontrol agents and three different aqueous
plant extracts (neem, camphor leaves and garlic
cloves) against root rot disease incidence of
bean and its causal pathogens.

MATERIALS AND METHODS

The present work was carried out during
season 2010 and repeated 2011 at the Central
Lab. of Organic Agriculture, ARC, Giza, Egypt
and in greenhouse belongs to Ministry of
Agriculture, Dokki, Giza.

Isolation and Identification of the Causal
Organisms

Samples of bean plants doubted to be infect
with root rot and showing identical symptoms of
damping off were collected from the naturally
infected plants grown in greenhouse belongs to
Ministry of Agriculture in Giza (Dokki). The
collected root samples were washed using tap
water then dried, and surface sterilized using 5%
chlorine solution for 3 minutes. Sterilized
surface plant materials were then washed several
times with sterilized distilled water then dried
between two sterilized filter papers. Dried
sterilized plant materials were cut into small
pieces with sterilized scalped and cultured on
plain agar medium in Petri plates 9 c¢cm in
diameter. Plates were incubated at 28°C.
Incubated plates were examined periodically and
the developed mycelia were transferred to
nutrient glucose agar (NGA) medium. The
isolated fungi were purified using hyphal tip
and/or single spore techniques (Hawker, 1960).
Pathogenicity test of isolated fungi toward bean
plants (cv. Giza 3) was estimated (Sallam ez a/.,
2008). Artificial inoculum of pathogenic fungi
was prepared by growing each fungus on
sorghum-sand rnedium as described by Abd El-
Khair and FEl-Mougy (2003). The most
aggressive isolate of each pathogenic fungus
was used in vitro experiments.

Beneficial microorganisms

Different bio-control agents used in these
studies i.e. (Trichoderma harzianum and
Bacillus subtilis) were kindly obtained from the
Central Lab. of Organic Agriculture ARC, Giza,
Egypt. T. harzianum was grown for 9 days on
liquid gliotoxin fermentation medium (GFM)
developed by Brain and Hemming (1945) under
complete darkness to stimulate toxin production
(Abd-El-Moity and Shatla, 1981). B.subtilis was
grown on nutrient glucose broth (NGB) medium
developed by Dowson (1957) for 48 h. Different
biocontrol agents were formulated as
suspension or powder using method developed
by Abd-El-Moity (1985). Prepared suspension
or powder were adjusted to be contain 30 x 10°
cfu/ml or g for all used antagonists.

Aqueous plant extracts

Garlic (Al/lium sativum 1.) cloves, neem
(Azadirachta indica L. ) leaves and camphor
(Eucalyptus deglupta L. ) leaves extracts, were
prepared by mixing 10 g frozen plant materials
with 100 ml of water using electric blender for
10 minutes.

The plant extracts were filtrated through
double layer of cheesecloth. The filtrated plant
extract was centrifuged at 3000 rpm for 10
minutes. The centrifuged plant extracts were
sterilized using Millipore 0.2 pm. Each
sterilized plant extract was adjusted to be 100 ml
by using sterilized filtrated water as a final
volume. Plant extracts for greenhouse treatment
were used without any sterilization. Resulted
extracts were considered as 10%.

In vitro Studies

Effect of different plant extracts on
reduction percentage of the mycelial
growth of the tested pathogenic fungi

Preparation of plant extracts

Three different plant extracts were used
(garlic, neem and camphor). Different plant
extracts were prepared as mentioned before.
Each sterilized plant extract was added to plates,
each contain 15 ml of gliotoxin fermentation
medium (G F M) described by Brian and
Hemming (1945) at the rate of 1.5 ml/plate.
Plates having medium mixed with the piant
extracts were inoculated with different
pathogens. Different plates were inoculated with
discs (6mm in diameter) obtained from the
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periphery of 4 days old pathogenic colonies.
Five plates were used for each treatment. Plates
recieved only GFM were inoculated with
pathogens to serve as control. All inoculated
plates were incubated at 25°C. Data were
recorded when mycelial growth of pathogenic
fungi cover all surface medium in control ones.
Reduction percentages in mycelial growth due
to adding plant extracts were calculated using
the next formula:

X=100-[G2/Gl x 100]
Where
X: % of reduction
G1: growth of pathogenic fungi in control plates.
G2: growth of pathogenic fungi in treated plates.

Effect of the antagonistic microorganisms
on the reduction percentage of the linear
mycelial growth of pathogenic fungi

Different bioagents were evaluated under
laboratory conditions for their antagonistic
effect against the pathogenic fungi (Rhizoctonia
solani (Kuhn.) and Fusarium solani (Mart.)
Sacc.). Petri dishes 9 c¢cm in diameter each
contains 15ml of GFM were used to determine
the antagonistic effect of the used antagonist on
the isolated pathogenic fungi. Plates contain
NGA medium were used to determine the effect
of antagonistic bacterium against pathogenic
fungi. Different plates were inoculated with
discs (6mm in diameter) obtained from the
periphery of 4 days old pathogenic colonies. The
pathogenic fungus was inoculated at one side
where the opposite side was inoculated with
either disc of 7. harzianum or with loop full of
antagonistic bacteria grown for 48 hrs on liquid
NGB medium. Five plates were used for each
treatment. Plates inoculated only with the
individual pathogenic fungi served as a control
treatment. Inoculated plates were incubated at
25°C. When mycelial growth covers medium
surface in control treatment, all plates were
examined and reduction percentages in mycelial
growth of pathogenic fungi were calculated
using the formula mentioned before.

Greenhouse Experiments

In all greenhouse experiments unless
indicated, a greenhouse (60m X 9m = 540 m’)
belongs to Central lab. for Agricultural Climate,
Agricultural Research Center, Ministry of
Agriculture and Land reclamation, Dokki, Giza,

was used. Soil in this greenhouse is highly
natural infested with Rhizoctonia solani (Kuhn.)
and Fusarium solani (Mart.) Sace. Selected bio-
control agents T. harzianum and B.subtilis in
addition to three different aqueous plant extracts
(neem, camphor leaves and garlic cloves) were
applied to determine their efficacy in controlling
root rot disease of beans.

Bean (Phaseolus Vulgaris 1..) var. Giza3 was
cultivated. Experiments were designed in
complete randomized plots .Each treatment
contains 5 replicates and each replicate (2m X
2m) was cultivated using 20 bean seeds. Pre and
post-emergence damping off were determined
according to discase index (Categories 3, 4
includes pre- and post-emergence damping off)
developed by (Ismail, 2011) The percentage of
pre-emergence was determined after 8 and
11days from sowing seeds whereas percentage
of post-emergence was determined after 30 days
from sowing. Percentages of surviving plants
were determined after 45 days from sowing
time. All experiments were carried during
season 2010 and repeated in 2011.

Effect of different concentrations of plant
extracts on root rot disease incidence in
bean for two seasons under greemhouse
conditions

Three different plant extracts were examined
(garlic, ncem and camphor). Different plant
extracts were prepared as mentioned before.
Obtained extracts were considered as 10% and
other concentration (5 and 2.5%) were prepared
and adjusted by using distilled autoclaved water.
Bean seeds were soaked in the different
concentrations of the tested plant extracts for 30
minutes using tween 80 to ensure the
distribution of the extracts on and in seeds. For
each plant extract, three concentrations
treatment were used. Seeds only soaked in water
for the same period acted as control. Pre and
post emergence damping off were determined as
described before.

Effect of different doses of antagonmistic
bioagent (as seed spray) on percentage of
bean root rot disease for two successive
seasons under greenhouse conditions

Different antagonists were kindly obtained
from the Central Lab. of Orgznic Agriculture
ARC, Giza, Egypt. Bioagents were used as
suspension in different doses. Used doses were
25, 50, 100 ml / kg seeds. Pre emergence and
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post emergence root rot disease incidence were
determined, as described before.

Effect of using formulated plant extracts
in powder or liquid form on the
percentage of bean root rot disease
incidence in two successive seasons under
greenhouse conditions

Different plant extracts under test were
formulated as liquid or as powder. The liquid
was prepared by extracting 10 g in 100 ml of
water as described before. Liquid form was used
on bean seeds at the rate of 100 ml of each plant
extract / kg seeds. Powder form was prepared by
adding 250 ml from stock solution of each plant
extract to 250 g of talk powder). Powder form
was used as seed dressing by wetting by 5% of
Arabic gum solution and then mixed with the
powdered plant extract at the rate of 10 g/kg
seed .Treated seeds with suspension or powder
were sown in highly natural infested soil in the
greenhouse. Seeds only received water act as
control treatment. The disease assessment was
recorded as mertioned before.

Effect of various formula of different
bioagents on the percentage of bean root
rot disease incidence in two successive
seasons under greenhouse conditions

Two different forms suspension and powder
of each bioagents were used. Suspension was
used as soaking bean seeds at the rate of 100
ml/’kg seed and left for 30 minuets before
sowing. On the other hand, powder formula was
used as seed dressing, where bean seeds were
wetted using 5% solution of Arabic gum. Ten
grams of each hio-control agent was formulated
as powder then added to the wetted seeds and
mixed thoroughly. All treated seeds were sown

in heavily infested soil in the greenhouse. Seeds

only received water act as control treatment. The
disease assessment was recorded as mentioned
before.

Statistical Analysis

Statistical analysis was carried out using the
procedures ANOVA (Snedecor and Cochran,
1980).

RESULTS AND DISCUSSION

The Causal Pathogens

Isolated fungi were identified according to
their culture and morphological characteristics
according to keys developed by (Gilman 1957,
Singh 1982 and Barnett and Hunter 1996). The
purified isolated pathogens were identified as
Rhizoctonia solan (Kuhn.) and Fusarium solani
(Mart.) Sacc. Identification of pathogenic fungi
were kindly confirmed through the Mycology
and Plant Disease Survey Research Dept., Plant
Pathology Research Institute, A.R.C., Egypt.

Effect of different plant extracts on
reducing percentage of the mycelial
growth of the tested pathogenic fungi

Data in Table 1 and Fig. 1 indicate that all
plant extracts except camphor extract showed
inhibition effect to the mycelial growth of
Rhizoctonia solani and Fusarium solani
compare with control treatment. Garlic extract
exhibit high significant effect on linear growth
of both R. solani and F. solani compare with the
other two plant extracts or the control treatment.
This might be due to the effective presence of
certain disulfide amino acids in the garlic extract
(Husain et al. 1992) which acts as antibacterial
and antifungal activities (Joy et al. 1998). In
addition, garlic extract might have special
materials that inhibit the activity of hydrolytic
enzymes production of the pathogen by different
degrees (Kurucheve and Padmavathi 1997).
Neem extract showed also significant effect on
the reduction percentage of the mycelial growth
of both investigated pathogens compare with
control treatment. The explanation of the
obtained results might confirm that neem leaves
extract has antifungal, antibacterial activities
(Jarvis and Morgan, 2000; Dai et al., 2001;
Mossini ef al,, 2004; Amadioha, 2004; Sanjeet
et al., 2005; Moslem and El-Kholie, 2009).
Camphor extract was the least effective one on
mycelial linear growth of F. solani and has no
effect on R.solani.
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Table 1. Effect of different plant extracts on reducing percentage of the mycelial growth of the

tested pathogenic fungi
o of P— - - -
Plant extracts “o of reduction in the linear growth of pathogenic fungi
Rhizoctonia solani Fusarium solani
Garlic 55.5 66.6
Neem 333 44.4
Camphor 00.0 11.1
Control 00.0 : 00.0
L .S.D. at 5% 0.23 0.21

B8 % of recduction in the linear growth of

TUT
pathogenic fungi R. solani

% of reduction in the linear growth of pathogenic fungi |

® % of reduction in the linear grcwth of
pathogenic fungi F solani

i

Garlic Nesm camphor Controi

Fig. 1. Effect of different plant extracts on reducing percentage of the mycelial growth of the
tested pathogenic fungi
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Effect of the antagonistic microorganisms
on reduction percentage of the linear
mycelial growth of the pathogenic fungi

Data in Table 2 and Fig. 2 indicate that
T. harzianum is the most effective antagonist
against Rhizoctonia solani and Fusarium solani
pathogens under investigation. This high
potentiality in suppression might be due to that
Trichoderma spp. act through different actions
as production of antifungal substances (Turner,
1971; Abd - El-moity, 1981 and Hayes, 1992). It
also acts through production of destructive
enzymes i.¢ chitenase (Bolar ef al, 2000 and
Harman, 2006), which attack and destroy
pathogenic fungi structures. Trichoderma also
attacks through mycoparasitism (Weindling,
1932; Abd-El-moity, 1981 and Abd-El-monaim,
2011). Bacillus subtilis also showed significant
reduction on the growth of both tested
pathogenic fungi. This might be due to that, B.
subtilis act through production of number of
antibiotics (Ferreria ef al., 1991 and Asaka and
Shoda 1996).

Greenhouse Experiments

Effect of different concentrations of plant
extracts on root rot disease incidence of
bean for two seasons under greenhouse
conditions

Data in Table 3 show positive correlation
between different concentrations of plant
extracts and efficacy of control damping off
disease of bean plants. Plant extract at 10%
concentration revealed the highest significant
surviving plants if compared with 5% and 2.5%.
The obtained results might be due to the
increased amount of the active component in the
high doses of plant extracts.

Garlic extract proved to be the most
significant one in controlling damping off
disease gave £0% and 83% surviving plants
during both successive seasons compared with
the control treatment. The explanation of such
results might be due to that garlic extract has
antibacterial and antifungal activities (Joy ef al.,
1998). Also, it might inhibit hydrolytic enzymes
produced by the pathogenic fungi genera during
pathogenesis. In addition to the presence of
certain disulfide amino acids in garlic extract as
mentioned by Husain ef al. (1992). Neem extract

gave significant result in controlling damping
off disease being 73% and 74% surviving plants
of the two successive seasons, respectively
compared with 40% and 35% in control one.
This might be also due to that, neem extract has
antibacterial and antifungal activities (Jarvis and
Morgan, 2000; Dai ef al,, 2001, Mossini et al.,
2004; Amadioha, 2004; Sanjeet et al, 2005;
Moslem and El-Kholie, 2009) Camphor extract
proved to be the least significant one compared
with garlic, neem or control treatment and/or the
other plant extracts. The effect of camphor also
might be attributed to the presence of volatile
oils present in camphor leaves extract.

Effect of different doses of antagonistic
bioagent (as soil drench) on bean root rot
disease percentage for two successive
seasons under greenhouse conditions

Three different doses of bioagents are tested
to determine the most effective one in
controlling bean damping off disease. Data in
Table 4 indicate a positive correlation between
doses and efficacy of bioagents in controlling
damping off. Data showed that, B. subtilis was
better than 7. harzianum in controlling damping
off disease especially in the second season. This
might be due to that, these bacteria produce
antibiotics (bacteriacin and subtilisin) which act
as inhibitors to the pathogenic fungi (Ferreria et
al. 1991 and Asaka and Shoda 1996). In
addition, B. subtilis also grows very fast and
occupies the court of infection and consumes all
available nutrients, preventing the pathogens to
invade the plant (Wolk and Sorkar 1994). On the
other hand, the destructive effect of T
harzianum could be explained as direct
mycoparasitism or through inducing enzymes
and/or antifungal substances that affect
pathogenic fungi growth and pathogenesis
(Tumer, 1971; Abd-El-moity, 1981; Martin and
Hancock, 1987; and Padares ef al., 1992).

Effect of using formulated plant extracts
in powder or liquid form on the
percentage of bean root rot disease
incidence in two successive seasons under
greenhouse conditions: '

Data in Table 5 showed that bean plants
previously tested with different formula (powder
and /or suspension) of various plant extracts
resulted significant control of disease incidence
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Table 2. Effect of the antagonistic microorganisms on reduction percentage of the linear
mycelial growth of the pathogenic fungi

Different % of Reduction in the linear growth of the pathogenic fungi
antagonistic
microorganisms Rhizoctonia solani Fusarium solani
Trichoderma 82.1 85.5
harzianum ) ’
Bacillus subtilis 322 38.8
Control 00.0 00.0
L.S.D .at 5% 0.23 0.21

90— % of reduction in the linear growth of | -
pathogenic fungi R. solani l"
m % of reduction in the linear growth of |

801 pathogenic fungi F solani

% of reduction in the inear growth of pathogenic fungi

T. harziaum B. subtilis control

Bioagent

Fig. 2. Effect of the antagonistc microorganisms on reduction percentage of the linear mycelial
growth of the pathogenic fungi
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Table 3. Effect of different concentrations of plant extracts on root rot disease incidence of bean
for two seasons under greenhouse conditions

First season 2010 Second season 2011
Different damping off  Syrviving damping off Surviving
treatments (%) plant (%) plant
Pre Post (%) Pre Post (%)
Garlic
10 % 12 8 80 11 6 83
5% 17 9 74 15 7 78
25% 25 11 64 24 11 65
Neem
10 % 15 12 73 14 12 74
5% 20 14 66 20 13 67
25% 29 20 51 30 19 51
Camphor
10 % 35 13 52 35 10 55
5% 38 18 44 39 17 44
25% 40 19 41 40 18 42
control 45 15 40 47 18 35
L.S.D. 0.31 0.22 0.24 0.32 0.21 0.23

Table 4, Effect of different doses of antagonistic bioagent (as soil drench) on bean root rot
disease percentage for two successive seasons under greenhouse conditions

Different First season 2010 Second season 2011
Treatments damping off Surviving damping off Surviving
(%) plant (%) plant
ml /kg seed Pre Post (%) Pre Post (%)
Trichoderma harzianum
100 6 2 92 5 0 95
50 12 4 84 12 5 83
25 15 5 80 14 4 82
Bacillus subtilis
100 4 3 93 0 0 100
50 6 6 88 6 7 87
25 11 7 82 13 6 81
control 45 15 40 47 18 35

L.S.D. 0.41 0.32 0.23 0.26 0.31 0.33
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Table 5. Effect of using formulated plant extracts in powder or liquid form ou the percentage of
bean root rot disease incidence in two successive seasons under greenhouse conditions

First season 2010 Second season 2011
Different damping off Surviving damping off Surviving
treatments (%) plant (%) plant
Pre Post (%) Pre post &)
Garlic ex.

Suspension 11 7 82 10 7 83
Powder 10 5 85 9 4 87

Neem ex.

Suspension 14 10 76 15 9 76
Powder 12 9 79 11 10 79

Camphor ex.

Suspension 35 11 54 35 i1 54
Powder 30 12 58 30 8 62
control 45 15 40 47 18 35
L.S.D. 0.31 0.22 0.42 0.32 0.25 0.44

if compared with the control treatment. Data
also showed that powder form of different plant
extracts was the most effective in reducing root-
rot disease incidence of bean. Thus, it could be
explained that food base or it's formula played
an important role on efficacy of the treatment
{Abd-El-moity, 1981). However, garlic extract
was the most significant in depressing disease
incidence if compared with neem and camphor
extracts.

Effect of various formulae of different
bioagents on the percentage of bean root
rot disease incidence in two successive
seasons under greenhouse conditions

Data in Table 6 showed that, suspension
form of the different bioagents used for seed

spraying was more effective than powder form
used as seed dressing in controlling root-rot
disease of bean. Data also irdicated that, B.
subtilis had better effect than T. harzianum in
reducing the disease incidence. An action of B.
subtilis is due to that, the bacterium grown faster
and occupy the court of infection and producing
high level of antibiotics (Ryder et al., 1999) that
delay pathogenic fungal growth or its action.
This fast growth and production of antibiotics
act as barrier surrounded the root tissues and
prevent pathogens to invade these healthy plant
tissues. Trichoderma spp. Also act through
certain mechanisms including mycoparesitism
(Harman, 2006) and may also act through
enzyme and/or antifungal substances production
(Hayes, 1992 and Bolar ef al., 2000).
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Table 6. Effect of various formulae of different bioagents on the percentage of bean root rot
disease incidence in two successive seasons under greenhouse conditions

First season 2010 Second season 2011
Different - — - "
damping off Surviving damping off Surviving
Treatments
(%) plant (%) plant
Pre Post (%) Pre Post (%)
Trichoderma harzianum
Seed dressing 11 3 86 10 3 87
Seed spraying 7 2 o1 6 2 92
Bacillus subtilis
Seed dressing 8 7 85 7 5 88
Seed spraying 4 4 92 4 1 95
control 45 15 40 47 18 35
L.S.D. 0.31 0.41 042 0.41 0.20 0.42
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