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ABSTRACT

Faba bean (Vicia fabae) is considered the most important legume crop in
Egypt. The varietal reaction of 16 different cultivars against Aggressive isolate of
Alternaria alternata causing Alternaria leaf spot disease revealed that Wadi-I cultivar
was the most susceptible cv while the other tested cultivars were varied in their
susceptibility. The cultivars i.e Giza 429, Giza 3, Maser 1 and Sakha 1 were the most
susceptible ones while Giza 2, Nobaria 2, Sakha 2 and Nobaria 1 were the most
resistant ones. On the other hand the rest cultivars were moderate susceptible. In
disease control trials using the biocides (Bio-ARC 6% and Bio-Zeid 2.5%) Bacillus
subtilis, Trichoderma harzianum, Bacillus megaterium, Trichoderma album, Bacillus
lechniforms and Ulva algae compared with chemical fungicide (Tridex 80% WP),
significantly affected the causal pathogen in vitro, greenhouse, and under field
conditions. Bio-Zeid product followed by the B. subtilis and Bio.ARC; respectively
produced the best results and significant reduction of pathogen growth or infection
severity. B. lechniform, T. harzianum and Ulva lactuca were the less bio-agentagainst
the pathogen. At the same time, period progress after using the tested antagonistic
materials increased disease severity. Accordingly, disease severity was more
aggressive after 7 days.
Keywords: Alternarialeaf spot,chemical fungicide, cultivars, disease control, faba

bean.

INTRODUCTION

Faba bean (Vicia faba L.) is considered one of the most important
legume crops due to its high nutritional value for both energy and as an
excellent nitrogen fixer (Sahile et al., 2008). In Egypt, it is grown mainly as
food for human consumption. Seeds of faba bean are rich in protein (28%),
carbohydrates (56%) and some other compounds thus; it is consider a source
of food for both human and animals (Tewati and Virk, 1996).

In addition, faba bean helps to improve the soil fertility through nitrogen
fixation. Therefore, improving the production of this crop is one of the main
objectives in agriculture in many countries (Boubekeur et al., 2012). Faba
bean is belonging to family Fabaceae, which is native to North and Southwest
of Africa.

Faba bean plants infected with many fungal pathogens which caused a
considerable yield losses (Mahmoud, Nagwa, 1996). Also; it attacked by
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many foliar diseases such as; chocolate spot (Botrytis fabae and B. cinerea),
Alternaria leaf spot (Alternaria alternata), rust (Uromyces fabae), downy
mildew (Peronospora viciae). As well as, root-rots and viral diseases, which
are responsible to cause considerable losses in the yield and its component.
In general; chocolate spot disease was the major problem of faba bean
plants. However, Alternaria leaf spot disease comes predominant on faba
bean during the last years as a consequence of global climate change
especially temperature in Egypt (Reis et al., 2007 and Juroszek 2011).

Different control methods including chemical, biological, cross
protection, agricultural practices and resistant cultivars havwe been studied to
control A. alternate,the causal pathogen of leaf spot disease on faba bean
(Hiremath and Sundaresh, 1985). Sometimes, chemical control against this
pathogen has offered good results but, improper use of fungicides mostly
leads to environmental pollution hazards and resistance of A. alternata
(Kamble et al., 2000). Resistant cultivars are most significant method for
Alternaria blight control (Smita et al. 1998; Kopack&Wagner, 2003; Reis et
al., 2006 and Dillard & Cobb 2008). Biological control is considered an
important approach for controlling many fungal plant pathogens and
exploration for new biological agents is increasing as potential biological
control antagonists. (Porras et al.,2008, Deshmukh et al., 2010 and Ryota et
al.,, 2010 Gweroska and Jovancev, (2011). Trichoderma spp. is most
promising and effective biocontrol agent (Gan et al.,2006 and Boubekeur et
al., 2012). Tran, (2010), Moreower, some strains may enhance plant growth.
Also; there is data on antagonistic and inhibitory effect of Bacillus isolates (in
vitro) was explained by (Mater et al., 2009). Some biological, biocides
products and bioagents compound products (Ulva lactuca, Bio-ARC and Bio-
Zeid) were used to control Alternaria leaf spot disease caused by Alternaria
alternata that contain antibiotics, useful plant nutrients and toxic products as
ethylene and hydrogen Sulphide (Magda, 2009 and El-Metwally et al., 2010).
This work aimed to study faba bean varieties reaction to infection by
aggressive isolate of Alternaria alternata. Also, to detect, isolate and identify
new antagonists from faba bean microorganisms as biological agents with a
potential antagonistic effect against Alternaria alternata compared with
biocide and chemical control.

MATERIALS AND METHODS

The following trials were carried out to determine the best methods for
controlling Alternaria leaf spot disease on faba bean under the Egyptian
environmental conditions. The main strategy of these implemented
experiments in vitro and in vivo depends on the comparison between the
effectiveness of biological and chemical methods to control Alternaria leaf
spot disease on faba bean.

I. Laboratory experiment
a) Microorganism

The most aggressive pathogenic fungus of Alternaria alternata (Kafr-
El Sheikh- isolate), was used throughout this study and isolated from
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naturally infected bean plants, showing leaf spot symptoms in Kafr EI-Sheikh
gowvernorate, Egypt. The isolated fungi were identified on the basis of cultural
and microscopic morphological characters .

The bio-control agent (Bacillus subtilis), was isolated from faba bean
phylloplane. Other bioagents of Bacillus lechniforms, B. subtilis, B.
megaterium, Trichoderma harzianum, T. album, Ulva lactuca (green algae as
dried powder) and biocides (Bio-Zeid and Bio-ARC) were obtained from
Biological Resource Center, Plant Pathology Research Institute, Agriculture
Research Center, Egypt.

b) Effect of different biological antagonists on Alternaria alternata
growth

The virulent isolate of Alternaria alternata (Kafr EI-Sheikh isolate) was
grown on PDA medium as an equal disc (5mm in diameter) was plated onto 9
cm PDA plates with different antagonistic bioagents Bacillus lechniforms,
B.subtilis, B. megaterium, Trichoderma harzianum, T. album.One cm from
the periphery in opposite to another for Ulva lactuca (green algae powder)
and 5mm discs for the fungus and individual streak for bacteria. The control
plates were inoculated individually only with the pathogen Alternaria
alternata. All the plates were incubated at 30°C until the growth completely
cowered the control plate (after 10 days), three plates were used as replicates
for each treatment, then the linear growth of Alternaria alternata in the tested
bio-control agents was measured to compare the tested bio-control agents
with control by the following equation.
Reduction % = C - Tx100/C where;
C = the growth of A. alternata in control treatment.
T =the growth of A. alternata in each treatment.

c) Varietal reaction test

Sixteen varieties (Maser-3, Maser-2, Maser-1, Nobaria-1, Nobaria2,
Nobaria-3, Wadi-1, Giza-2, Giza-3, Giza-429, Giza-716, Giza-843, Sakhal,
Sakha-2, Sakha-3 and Sakha-4) obtained from Legume Crops Research
Depart., Agricultural Research Centre, at Giza, Egypt were tested in to
evaluate their reaction against Alternaria leaf spot disease caused by
Alternaria alternata. The method followed by Dereje, (2000) and Marwa,
(2005) was applied and faba bean plant leaflets were obtained from the fifth
node of 6-8 weeks old. The leaflets were incubated horizontally in
polyethylene boxes on sponge grid owerlaid with water soaked filter paper.
One droplet of the spore suspensions (106 spore/ml) was placed on each of
the leaflets (106 spore/ml) proper ten pl of suspension were placed near the
midrib. The trial were cowered with polyethylene sheets to maintain high
moisture and incubated at 30°C. Four replicates were used in test for each
cultivar.
Il. Greenhouse experiment
Effect of bioagents, biocide and chemical fungicide on infection with
Alternaria alternata

Two biocides, three bioagents microorganisms and one chemical
fungicide were tested to control Alternaria leaf spot on faba bean disease
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caused by Alternaria alternata under greenhouse condition. Faba bean plants
of Giza-40 cv. was grown in pots (15cm), each treatment was replicated in
three pots under greenhouse conditions at 27- 30°C. After 45 days plants
were sprayed individually with the suspension of each control treatment, one
day before artificial inoculation with Alternaria alternata spore suspension
(106 spore/ml) according to Marwa, (2005). The Biocides (Bio-Zeid and Bio-
ARC) with active ingredients of Trichoderma album and B. megaterium,
applied at rate of 250g per 100 liter of water as stated by B.R.C.S
manufacturer (Biological Resource Center Standard), Agricultural Research
Center A.R.C (El-Metwally et al., 2010). Each of Bacillus lechniforms, B,
subtilis, B. megaterium were appied at concentration of 10® cfu and 6x10°
spore/ml for Trichoderma album and Trichoderma harzianum microorganisms
and Ulva lactuca (green algae powder) (Ghoneimy et al., 2011). Tridex
fungicide, active ingredient Mancozeb (80% WP); rate of application per 100
liters of water 2509 for Tridex and Ulva lactuca. Control plants were sprayed
with sterilized distilled water followed by Alternaria alternata only. All pots
kept in polyethylene bags in moist chamber of 27- 30°C for one day. Disease
sewerity was recorded 2, 3 and 7 days after treatment. Data of disease
sewverity were recorded according to the scale applied by Abou Zeid (1978).
Effect of biocides (Bio-ARC and Bio-Zeid) on infection with Alternaria
alternata

Sixteen Cultivars named Maser-3,Maser-2,Maser-1,Noubaria-
Noubaria- 2, Noubaria-3, Wadi-1, Giza-2, Giza-3, Giza-429, Giza-716, Giza-
843, Sakhal, Sakha-2, Sakha-3, and Sakha-4 were inoculated with the
pathogen after 24 hrs from sprayed by the two biocides. Disease sewerity
values were determined after 14 days from inoculation.

I1l. Field experiment

This experiment was curried out under field condition at (Kafer El-
Sheikh). Faba bean seeds (Giza- 429) were sown on first week of November
during season 2011/2012. The fungicide (Tridex 80% WP) were sprayed 4
times started at the mid January (flowering stage), 15 days intervals
(Teshome et al., 2013). On the other hand, the bio-agent (Bio-Zeid 2.5%, Bio-
ARC 6%), T. harzianum and B. lechniforms were sprayed on faba bean
plants 4 times beginning at the flowering stage (mid January), 15 day
intenals.

RESULTS

I. Laboratory experiment
a) Microorganisms isolation

Alternaria alternata (Kafr- EI Sheikh- isolate), was used throughout this
study and isolated from naturally infected bean plants, showing leaf spot
symptoms in Kafr EI-Sheikh gowvernorate, Egypt. The isolated fungi were
identified on the basis of cultural and microscopic morphological characters
Also; the bio-control agent (Bacillus subtilis), was isolated from faba bean
phylloplane.
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b) Effect of different biological antagonists on Alternaria alternata
growth

Data in Table (1) were collected after 10 days from incubation of the
inoculated plats with the antagonistic bio-microorganisms and the pathogen
(A. alternata). Control was inoculated with the pathogen only. All the tested
bio-microorganisms showed clear significant effect compared with control
treatment. Reduction percentage was differed from bio-agent to another. The
two tested Trichoderma (T. album and T. harzianum) gawe the best effect
against A. alternata and decreased the linear growth from 8.9 to 3.3 and
4.2cm, respectiwely.

Table 1: Effect of different antagonists on linear growth of Alternaria
alternata on PDA plates.

Bioagents linear growth (cm)after 10 days Reduction %
B. subtilis 4.4 50.56

B. megaterium 5.4 39.32
Trichoderma album 3.3 62.92

B. lechniforms 5.8 35.5

T. harzianum 4.2 53.3
Ulva lactuca 6.5 27.7
Control 8.9 0
L.S.D 0.05%: 1.03

Data in Table (1) showed that effect of antagonistic bacteria (Bacillus
subtilis, B. megaterium and B. lechniforms) ranked the second position after
Trichoderma spp antagonists against A. alternata. It caused gradual
reduction in pathogen linear growth percentage i.e. 50.56, 39.32 and 35.5%;
respectively. The algae named Ulva produced the lowest effect, it decrease
the linear growth from 8.9cm to 6.5cm with reduction percentage of 27.7%.

c) Cultivar Reaction:

Faba bean susceptibility to leaf spot disease caused by A. alternata was
tested by detached leaves technique. Sixteen cultivars were inoculated with
A. alternata spore suspension on detached leaves. Data obtained were
recorded on interval of 3, 5and 9 days.

Results in Fig (1) revealed that all tested faba bean cultivars were found
susceptible to Alternaria leaf spot disease while disease sewerity was in
variable degrees in these tested cultivars. Also, prolonging incubation period
increased disease sewerity. The most susceptible cvs are ranked as Giza
429, Wadi 1, Giza 3, Sakha3, Giza 843, Maser 1 and Sakha 1 while; Giza 2,
Nobaria 2,and Sakha 2 while Nobaria 1 was the most resistant cv. The other
cultivars were moderately susceptible.
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Fig.1l: Disease severity of Alternaria alternata (Kafr El- Sheikh isolate)
on sixteen faba bean cultivars using detached leaves technique
scale (0-9)

Il. Greenhouse experiment
a) Effect of bioagents, biocide and chemical fungicide on infection
with Alternaria alternata
Data in Table (2) illustrated that all tested materials showed
significantly differences compared with control. Chemical fungicide (Tridex
80% WHP) produced the best effect in disease control after three disease
sewerity assessment periods more than all other the tested treatments. Bio-
Zeid product was the best biocide followed by Bacillus subtilis and Bio-ARC,
respectively. B. lechnifom and Ulva were the less effect bioagents in against
A. alternata. Ulva produced the lowest effect in this respect. Also, it was
observed in obtained data that the greatest disease sewerity was resulted
after 7 days for all tested materials. On the other hand, the least values of
disease sewerity were obtained after two days.

Table.2: Effect of fungicide, two biocides, and bioagents on faba bean
leaf spot disease compared with Tridex under greenhouse
conditions at Giza

Disease severity % after (days)

Treatments 5 3 7 Niean
B. lechniforms 15 17 17 16.3
B. subtilis 9 10 10 9.6
Bio-ARC 6% 11 13 13 12.3
T. harazianum 18 20 19 19
Bio-Zeid 2.5% 9 9 9 9
Ulvalactuca 28 30 29.6 29.2
Tridex-80 % 7 7 6.6 6.8
Control 80 80 90 83.3
Mean 22.1 23.2 24.2
L.S.D. 0.05% = Bio-agent: 2.9

= Period:1.9

= Interaction : 5.1
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b) Evaluation of biocides Bio-ARC and Bio-Zeid against A.alternata
This experiment was carried out to evaluate the efficiency of the two
biocides i.e. Bio-ARC and Bio-zeid. Sixteen cultivars were inoculated with the
pathogen after the 2 biocides were sprayed before inoculation. Table (3)
showed disease sewerity values recorded after 14 days. Results obtained
indicated the effect of two biocides that produced significant differences after
14 days of inoculation compared with control treatment.
As obsened before in the other trails of previous trend. Also, current results
showed that progress of inoculation periods affected disease severity
significantly. On the other hand, reaction of tested cultivars played an
important role on disease control. Bio-ARC and Bio-Zeid proved their control
efficiency compared with control treatment. Also, Bio-ARC and Bio-ARC
showed non-significant differences in leaf spot disease control. On the other
hand, the cultivar reaction of the tested ones was clear. Giza 2 was the less
susceptible one under the prevailed environmental conditions in this trial
while Wadi-1 showed the higher susceptibility determined as disease sewerity
with both tested biocides. The rest cultivars showed various degrees of
susceptibility and resistance.

Table.3: Evaluation of two biocides against Alternaria alternata
pathogen of faba bean leaf spot disease

Treatments
Cultivers Bio-ARC Bio-Zeid
Diseaseseverity] Efficiency % [Disease severity[Efficiency %)

Maser -3 38.8 33.9 24.2 58.8 58.7
Maser -2 41 36.9 47.3 27.2 65
Maser -1 47 31.2 52.5 23.1 68.3
Nubaria -1 315 45.2 42 26.9 57.5
Nubaria -2 26.3 44.04 35.5 24.5 47
Nubaria -3 35.5 32.3 46 12.2 52.4
Wadi -1 35 60.04 41 53.2 87.6
Giza -2 21 16.7 25.2 0.0 25.2
Giza -3 50 29.6 48 324 71
Giza -459 52.3 29.8 50.2 32.6 74.5
Giza -716 27.2 43.3 31.5 34.4 48
Giza -843 50.2 27.6 34.5 50.2 69.3
Sakha -1 43 34.8 36.7 44.4 66
Sakha -2 28.3 42.6 42 14.8 49.3
Sakha -3 51.2 30.2 48 34.5 73.3
Sakha -4 37.7 37.2 40 33.3 60

L.S.D. 0.05 2.57 -- 2.05 -- 2.53

4. Field trial:

Two biocides (Bio-ARC and Bio-Zeid) and bio-agents Bacillus subtilis
and T. harzianum compared with one fungicide, related to Mancozeb (Tridex
80% WP) was used in this experiment under Kafr EI-Sheikh gowvernorate
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conditions. Statistical analysis of data is shown in Table (4). Recorded results
showed that effectiveness of the tested fungicide was more pronounced than
bio-agents. Bio-Zeid was more effective than Bio-ARC but there were non-
significant differences between them, followed by B. subtilis and T.
harzianum. At the same time, there were no differences between the two
tested bio-agents B. subtilis and T. harzianum.

Table.4: Effect of bioagents,two biocides comparing with one fungicide
against A. alternata under field conditions, Kafer El-Sheikh

governorate
Treatments Disease severity Efficiency%
T. harzianum 15.7 77
Bacillus subtilis 15.7 77
Tridex 80% WP 8.6 87.4
Bio-ARC 6% 11.6 83
Bio-Zied 2.5 % 10.8 84
Control 68.3
L.S.D 0.05: 4.2

DISCUSSION

Utilizing of some bio-microorganisms and biocides under greenhouse
and field conditions compared with fungicide related to Mancozeb group
revealed that fungicides is still had the superiority in controlling A. alternata
the causal pathogen of leaf spot disease on faba bean (Hiremath and
Sundaresh, 1985), and (Kamble et al., 2000).

In laboratory, T. harzianum was more effective than B. subtilis due to
its antagonistic effect against A. alternata. These results may be attributed to
the reactions among the tested biocides products and bio-agent materials
and the host pathogen relationship. These data were in harmony with Tran,
(2010) who reported that certain strains of Trichoderma spp can induce
systemic and localized resistance to seweral plant pathogens. Moreower,
some strains may enhance plant growth and dewlopment. Also, data of
antagonistic and inhibitory effect of Bacillus isolates (in vitro) was explained
by Mater et al., (2009). These data were in agreement with Gweroska and
Jovancev, (2011) who found that biological control is an efficient, in
contemporary way of protection to achieve a healthy and clean environment.
They, also reported that Trichoderma harzianum is strong antagonist for
control of brown spot disease on tobacco caused by Alternaria alternata.
Also, EI-Afifi, (2003) indicated that Trichoderma spp were the most effective
than Gliocladium spp in controlling Botrytis fabae while, Bacillus isolates
showed the highest value of relative power than the isolate of Pseudomonas
fluorescence.

The active bio-agents tested in this trial were reacted with the causal
pathogen through their biocidal uses while they were affected host plants
through their analytical enzymes and excerpts materials. These data were
accepted with Sahile et al., (2011) and Babu et al., (2000) who found that
Bacillus and Pantoea had strong antifungal activity both in in vitro as well as
in vivo conditions, Time progress caused increase of disease sewerity due to
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the destine of the biocides material yielded by these tested bio-agents. Ulva
lactuca decreased disease severity may refer to its products such as Hydroge
Salphyade (toxic gas) or Mithane (Magda, 2009). On the contrary, Zbakh et
al., (2012) found that marine macro algae are the most interesting algae
group because of their broad spectrum of biological activities such as
antimicrobial (antifungal and antibacterial).

The chemical fungicide named Tridex 80% was the more effective
among the tested materials. This was referred to its fast and chemical
multisided action against the pathogen cells components. These conclusions
may be attributed to the mode of action of Zinc and Manganese in mancozeb
which had effect on poison action against the fungal cell (Wadiphasme et al.
1994). On the other hand, the mode of action of the tested bio
microorganisms compared with biocide was referred to their secretions which
concluded antibiotics, useful plant nutrients. These data were harmony with
Sahile et al., (2011) who stated that chocolate spot disease (Botrytis fabae
Sard) is one of most yield limiting constraints of faba bean (Vicia faba) and
there is promise in using biological control agents to control chocolate spot
diseases.

Disease sewerity caused by A. alternata on sixteen faba bean cultivars
was varied from cultivar to another due to their changes in morphological and
anatomical characters such as cuticle layer, leaf thin, leaf secretion and
chemical components. Similar results were obtained by Smita et al., (1998)
who evaluated ten varieties, lines of sunflower against leaf bright caused by
A. alternata in pots experiments and they showed different degrees of
susceptibility.

At the same time increasing of incubation period increased disease
sewerity, may be due to increase of the toxin of secreted by the causal
pathogen in the plant cell These data were harmony with Maskova et al.,
(2012) who studied that Alternaria species produce more than 70 secondary
metabolites which are toxic to plants.

The results showed the similar effect of the two tested biocides while
they were varied significantly with control treatment. This similarity and non-
significant results in both of them may be attributed to the prevailing
conditions such as meteorological conditions, percentage of disease
incidence, \irulence of the used isolate to carry out inoculation and reaction
of tested cultivars to evaluate the efficiency of some hiological biocides under
greenhouse conditions Bio-ARC and Bio-Zeid products (El-Metwally et al.,
2010). On the other hand, disease sewerity was varied on the used cultivars
of faba been due to their morphological and anatomical characters, their
chemical components. As general trend, increasing inoculation periods led to
increase disease severity.
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