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ABSTRACT

At the winter growing season (December, 2014), a leaf spot of broad bean (Vicia faba L.) was
observed in fields belong to Researches and Production Station of National Research centre at Nubaria region,
Beheira Governorate, North Egypt. The pathogenic isolated fungus was identified as Alternaria tenuissima.
Efficacy of the bioagents, Trichoderma harzianum, Pseudomonas fluorescence and Saccharomyces cerevisiae as
well as essential oils, lemon grass and thyme oil were evaluated against the growth of pathogenic fungus in
vitro. All tested factors could inhibit the mycelia growth of the pathogen A. tenuissima at high percentages.
Under natural infection, the growing broad bean plants were sprayed individually twice with interval of 15
days started from the second true leaves age. The applied bioagents spray completely inhibited the disease
incidence. Meanwhile, essential oils reduced disease incidence to 10.0% and 8.3% at lemon grass and thyme
oils comparing with 30.0% infection recorded at control treatment. It could be suggested that foliar spray with
bioagents or essential oils considered as protective application against leaf spot disease of broad bean. It is
thought that this study is considered the first report of leaf spot disease incidence of broad bean caused by
Alternaria tenuissima in North Egypt.
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INTRODUCTION

Broad bean (Vicia faba L.) is cultivated for use as a green or dried, fresh vegetable or for green
manure in many parts of the world. It is also widely grown as a minor garden crop. Broad bean is used as
human food in developing countries and as an animal feed in industrialized countries. In Egypt, broad bean is
grown during September to March throughout the both river Nile sides in Delta and Upper Egypt regions as
well as new reclaimed sandy lands. The production of broad bean is, however, constrained by several diseases
including fungal diseases. Among them, chocolate spot (Botrytis fabae Sard.), rust (Uromyces vicia-fabae),
black root rot (Fusarium solani) and foot rot (Fusarium avenaceum) which contributes to the low productivity
of the crop [1].

A new leaf spot disease of broad bean was observed in fields of Researches and Production Station of
National Research centre at Nubaria region, Beheira Governorate, Egypt. Infected plants with numerous
concentric brown spots on older leaves were quite common in all locations of surveyed field. Alternaria
tenuissima is a common pathogen on a number of plants described in several geographic regions of the world.
Species of the genus Alternaria are widespread pathogens of wheat and other cereals. They are known to be a
cause of wheat leaf blight, black point disease and as a source of food contamination by toxins [2]. Alternaria
tenuissima was found to be able to infect various parts of plants belonging to different families. Many
researchers have found this fungus to be a common pathogen on a number of plants in different parts of the
world. It can, for example, induce late blight of pistachio in the USA [3], and was established as a major cause
of apple dry core rot in South Africa [4]. Alternaria tenuissima can infect a high percentage of cereal grains [5-
6]. The present work was aimed to isolate and identify the causal fungus of leaf spot diseases of broad bean as
well as study its pathogenicity. Moreover, the efficacy of some bioagents and essential oils against the
pathogen growth and disease incidence was also evaluated under laboratory and field conditions.

MATERIAL AND METHODS
Plant cultivar

Broad bean plants Vicia faba L. cv. Giza 3were grown in Researches and Production Station of
National Research centre at Nubaria region, Beheira Governorate, Egypt.

Fungal isolation and identification

Diseased samples were obtained from fields belong to Researches and Production Station of National
Research centre at Nubaria region, Beheira Governorate, North Egypt. Fungal isolates were collected mainly
from sample leaves. Pieces of infected leaf, including a lesion tissue, were surface-sterilized with 70% ethanol
for 20-30 sec. and then washed thoroughly with sterilized distilled water. Then leaf pieces were transferred to
PDA medium plates and incubated at temperature 25°C for 5-7 days. Hyphal tips from appeared fungal
colonies were transferred to a new PDA medium plate, and a single-spore isolation was made from the
resultant colony. Single spore isolates were maintained on slants medium of PDA. The fungal culture was
maintained on PDA slants for further studies. The isolated fungus was identified based on morphological and
microscopic characteristics.

Preparation of spore suspension

A spore suspension was prepared by flooding plates of 7 day-old cultures with sterilized distilled
water and dislodging spores with a glass rod. Spore concentration was adjusted using a hemacytometer.

Pathogenicity test

Detached healthy leaves of broad bean plants were used for pathogenicity test in vitro under
laboratory conditions. Sterilized detached leaves were put onto moisten filter paper in Perti-dishes (18 mm
diam.) A spore suspension of the isolated fungus, obtained by flooding with sterile water and rubbing 7-10-
day-old cultures grown on PDA medium, was used as inoculum. Drop inoculations were carried out with a
pipette on the upper leaf surface. Inoculated leaves were incubated at 25°C under dark for 5-7 days then
examined for disease symptoms appearance.

May - June 2016 RJPBCS 7(3) Page No. 572



ISSN: 0975-8585

Laboratory studies

The inhibitor activities of essential oils, lemon grass and thyme at concentrations of 0.5, 1.0 and 2.0 %
(v:iv), as well as antagonistic bioagents, Trichoderma harzianum, Pseudomonas fluorescence and
Saccharomyces cerevisiae on the linear growth of the pathogen Alternaria tenuissima were evaluated. The
tested essential oils were purchased from Cairo Company for oils and aromatic extractions CID, Egypt.
Meanwhile, the bioagents were supplemented by culture collection unit, Plant Pathology Dept., NRC, Egypt.

For essential oils test, certain volumes of each of lemon grass and thyme were poured into individual
flasks containing sterilized PDA before solidifying and rotated gently to ensure even distribution of proposed
concentration, and then poured into 90-mm Petri dishes. The control treatment was untreated medium with
essential oils. Amended plates were inoculated with a 5-mm disk of the tested pathogen fungus at the centre
of a plate and incubated at 25+1°C for 7 days, then the colony diameter growth compared to the control was
calculated in percentages.

As for antagonistic bioagents test, the bioagent efficacy was also evaluated in vitro performed on PDA
medium using the dual culture technique [7]. A 5-mm disk of each tested bioagent was placed onto the PDA
plate 10 mm from the edge of the Petri dish. Another 5-mm disk of the pathogen growth was placed on the
opposite side of the dish at the same distance. The control treatment was inoculated with mycelial disk of
either a pathogen or antagonist alone.

Both experimental and control dishes were assigned to a completely randomized design, with five
replicates per treatment. All inoculated Petri dishes were incubated at 25+1°C and the diameter of fungal
growth away from and toward the inhibitor agent was measured when the tested fungal growth in the control
treatment had reached the edge of the PDA plate.

These tests were repeated three times and the inhibitor effect was calculated as the reduction
percent in colony diameter growth compared to the control.

Field experiment

Field experiment was carried out at Researches and Production Station of National Research centre at
Nubaria region, Beheira Governorate, North Egypt during 2015-2016 growing season to evaluate the efficacy
of some foliar spray treatments for controlling leaf spot disease incidence of broad bean. This disease is
recorded as the first occurrence at previous season 2014-2015 by the authors as naturally infected with
Alternaria tenuissima pathogen of broad bean at the same field.

Lemon grass and thyme essential oils were sprayed at concentration of 2% (v:v), while the bioagents,
T. harzianum, P. fluorescence and S. cerevisiae sprayed in spore or cell suspension at concentration of 108/cfu.
All foliar spray treatment were applied twice, the first at the emerged broad bean plants (at 2 true leaves age)
and the second after 15 days interval.

The experimental field consisted of plots (7x6 m) each comprised of 12 rows and 30holes/row which
were conducted in completely randomized block design with five plots as replicates for each particular
treatment as well as untreated check treatment. Broad bean seeds Giza, 3 cv. were sown in all treatments at
the rate of 3seeds/hole. All plots received the traditional agricultural practices. Average percent of leaf spot
disease infection was recorded after 15 days after each spray applied and the average accumulated disease
incidence was calculated at the flowering stage of plant growth.

Statistical analysis

All in vitro and in vivo experiments were set up in a complete randomized design. One way analysis of
variance (ANOVA) was used to analyze the obtain results concerning the following: 1. Differences between the
tested essential oil and bioagent inhibitor effect and linear growth of pathogenic fungus in vitro, 2. Differences
between tested spray treatments of essential oils and bioagents on the incidence of leaf spot infection under
field conditions. General Linear Model option of the Analysis System SAS [8] was used to perform the analysis
of variance. Duncan’s Multiple Range Test at p < 0.05 level was used for means separation [9].
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RESULTS AND DISCUSSION

The leaf spot disease was observed in the field from the end of November until the middle of
December during 2014-2015 growing season. This field belongs to Researches and Production Station of
National Research centre at Nubaria region, Beheira Governorate, North Egypt. The recorded percentage of
infected plants ranged from 20 to 30. Disease symptoms on broad bean plants illustrated in Figure (1). Lesions
appeared at first on older leaves then spread to the new ones as well as plant stem. Initially, lesions were
distinct, brown, water soaked, and circular or slightly irregular. Then the lesion enlarged and became
concentric, and lesions on mature leaves had extensive necrosis. Under field conditions, the observed severe
disease on leaves at a flowering growth stage, suggesting that repeated infection cycles may be took place for
the necessity of disease to reach an economic level. Thus, the disease occurred irrespective of the plant's
growth stage.

The isolated fungus from the lesions on broad bean leaves growing on PDA medium plates. Colonies
formed on PDA developed aerial hyphae of greyish white colonies, and later on turned to olive-green to black.
The fungus produced conidia in unbranched chains. Based on morphological and microscopic characteristics,
the fungus identified as Alternaria tenuissima (Kunze ex Pers.) Wiltshire as described by [10-11-12].

Under in vitro pathogenicity test, symptoms appeared after drop inoculation of detached leaves.
Repeated isolation of A. tenuissima from a naturally infected leaf spot, production of the same disease
symptom after inoculation of plants completion of Koch's postulates and complete agreement with the natural
disease in surveyed field provided sufficient evidence that the leaf spot disease of broad bean is caused by A.
tenuissima. In this concern, leaf spot of broad been caused by Alternaria tenuissima was earlier recorded in
Japan [13-14], in Korea [15]. Also, the fungus A. tenuissima has been isolated throughout the world from many
diseased crops such as chillies [16], soybean [17], cowpea [18], pigeon pea [19], cotton [20], wheat [21], Jojoba
[22] and apricot [23].

Figure 1: Symptoms of leaf spot of broad bean plants (Vicia fabae L.). The typical Circular lesions appeared on plant
leaves and stem.
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Laboratory studies

Under in vitro conditions, either lemon grass or thyme oils could inhibit the growth of A. tenuissima
(Table 1). This growth inhibition was increased by increasing the essential oils concentration in growth medium
to reach its maximum at concentration of 2%. At this concentration the fungal growth was decreased by 70.0
and 65.5% at lemon grass or thyme oils treatments, respectively (Fig. 2). Essential oils have been reported as
promising alternative compounds which have an inhibitory activity on the growth of pathogens. It was
reported that essential oils could be used in plant disease control as the main or as adjuvant antimicrobial
compounds [25]. It is well established that some plants contain compounds able to inhibit the microbial
growth [26]. Also, [27] reported that Thyme, Lemon grass, Peppermint, Clove and Mint oils had higher
inhibitor effect on mycelial growth of Fusarium oxysporum. Fungal mycelial growth decreased significantly as
the concentrations of essential oils were increased, to reach the fungal growth’s minimum at the highest
concentration used. Moreover, lemongrass oil expressed antifungal activity against Colletotrichum coccodes, B.
cinerea, Cladosporium herbarium, Rhizopus stolonifer and A. niger in vitro [28]. Also, thyme oil proved to be
extremely effective as a fumigant as well as a contact fungicide against a range of the economically significant
fungi Alternaria spp., Aspergillus spp., Botrytis cinerea, Erysiphe graminis [29].

Table 1: Inhibitor effect of some essential oils and bioagents on the linear growth of Alternaria tenuissima in vitro

Tested essential oils and bioagents Concentration % Linear growth (mm)
Lemon grass oil 0.5 57 ¢
1.0 45d
2.0 27 f
Thyme oil 0.5 62b
1.0 52c
2.0 3le
Trichoderma harzianum | - 22 f
Pseudomonas fluorescence | = - 27 f
Saccharomyces cerevisice | = - 22 f
Untreated (Control) |  —m 90 3

Mean values within columns followed by the same letter are not significantly different (P < 0.05).

On the other hand, presented data in Table (1) and Figure (2) showed highest antagonistic effect of
tested bioagents against the growth of A. tenuissima. The pathogenic fungal growth decreased by 70.0, 76.5
and 76.5% by the antagonists, P. fluorescence, T. harzianum and S. cerevisiae, respectively. In this regards,
these microorganisms had been reported to have antagonistic effect against several pathogenic fungi.
Trichoderma harzianum is reported as biocontrol agent that attacks a range of pathogenic fungi and can be
used in the biological control of several plant diseases [30-31-32-33]. Also, Pseudomonas cepacia or
Pseudomonas fluorescence applied to pea seeds act as biological control agent against Pythium damping-off
and Aphanomyces root rot and was able to reduce diseases incidence [34-35]. Also, [36] reported that S.
cerevisiae was reported to have a reduction potential against radial growth of pathogenic fungi Macrophomina
phaseolina and Fusarium solani, the cause of root rot diseases in tomatoes and eggplants.
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Figure 2: Reduction in Alternaria tenuissima growth in response to some essential oils and bioagents in vitro
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Field experiment

According to the present study, a newly emerging devastating disease “broad bean leaf spot” was
proved to be dominant both in terms of occurrence and intensity season after another (2013/2014 —
2014/2015) at the same study area. The successive occurrence of this disease could be further complicated by
addition of new disease in the region and the country as a whole. Furthermore, the occurrence of disease at
early growth stage of the plant suggesting that repeated infection cycles to reach an economic level.
Therefore, the control of this disease is considered important. The control of diseases in broad bean mainly
relies on chemical treatments. However, a number of authors indicate that the effect of leaf pathogens can be
reduced by biological control with Trichoderma [37-38].

In the present study, the efficacy of some foliar spray treatments for controlling leaf spot disease
incidence of broad bean was evaluated under field conditions. Presented data in Table (2) and Figure (3)
revealed announced reduction recorded as 100% at bioagents treatments. Meanwhile, spray with essential oils
reduced disease incidence by 66.6 and 72.3% at treatments of lemon grass and thyme oils, respectively.

These results were in agreement with several previous reports. Early studies on microbial ecology of
the phyllosphere showed that there was considerable potential for use of microbial antagonists for control of
leaf spot diseases of many crops. In a study of [39] spraying vegetables, Cucumber, Cantaloupe, tomato and
Pepper with the bio-agents, T. harzianum, T. viride, B. subtilis, P. fluorescens and S. cerevisiae was effectively
able to reduce the foliar diseases comparing with untreated control. Also, [40] stated that Trichoderma
harzianum regarded as a model to demonstrate bio-control under commercial field conditions. He added that
this bio-control agent controls some cucumber foliar diseases, i.e. gray mold (caused by Botrytis cinerea),
downy mildew (caused by Pseudoperonospora cubensis), foliar blight (caused by Sclerotinia sclerotiorum) and
powdery mildew (caused by Sphaerotheca fusca) under commercial greenhouse conditions. Moreover, [41]
stated that foliar application of Pseudomonas fluorescens combined with a half recommended dose of
azoxystrobin was effective control of downy and powdery mildews of cucumber. Also, [42] suggest that some
bacterial isolates, i.e. Paenibacillus macerans, Serratia plymuthica, Bacillus coagulans, Serratia marcescens-GC,
Bacillus pumilis and Pantoea agglomerans reduced the disease severity of early blight caused by Alternaria
solani in tomato when applied as foliar spray.

Table 2: Efficacy of some bioagents and essential oil on leaf spot disease incidence of broad bean under field conditions

Spray treatment Disease incidence
Lemon grass oil 10.0b
Thyme oil 8.3b
Trichoderma harzianum (108 spores/ml) 0.0c
Pseudomonas fluorescence (108 cells/ml) 0.0c
Saccharomyces cerevisiae (108 cells/ml) 0.0c
Untreated (Control) 30.0a

Mean values within columns followed by the same letter are not significantly different (P < 0.05).
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Figure 3: Reduction (%) in leaf spot disease incidence of broad bean in response to application of some bioagents and
essential oil under field conditions
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The mode of action of biocontrol mechanisms was explained by many investigators. Trichoderma spp.
have received major attention as biocontrol agent against several plant pathogenic fungi and are excellent
candidates for successful exploitation [31]. Proposed mechanisms of antagonism resulting in biocontrol are
antibiosis [43-44], mycoparasitism [45], and competition [46]. Furthermore, [40] stated that The BCA (an
isolate T39 of Trichoderma harzianum) suppressed enzymes of B. cinerea, such as pectinases, cutinase,
glucanase and chitinase, through the action of protease secreted on plant surfaces. A combination of several
modes of action is responsible for biocontrol. However, biocontrol is not achieved by means of antibiotics or
by mycoparasitism, in spite of the fact that BCA has the potential to degrade cell-wall polymers, such as chitin.
Recently, it has been known the potential of Bacillus sp. to synthesize a wide variety of metabolites with
antifungal activity [47]. Most of these substances belong to lipopeptides, especially from surfactin, iturin and
fengicin classes [48]. Also, antibiotics of the iturin group were found to act upon the sterol present in the
cytoplasmic membrane of the fungi [49]. On the other hand, the mode of action of antagonistic yeasts might
be attributed to competition for space and nutrients [50], production of cell-wall lytic enzymes [51], and
induction of host resistance [52]. Moreover, the bio-control activity of S. cerevisiae against pathogenic fungi
might have possibly resulted from mycoparasitism [53], secretion of lytic enzymes such as 8-1,3 glucanase [54]
and production of antibiotics [55].

In the present study, foliar spray with essential oils proved to have high potential effect for reducing
disease incidence. Essential oils as natural alternatives that are user friendly and demonstrate low toxicity to
humans are desirable to be tested in the present work. Thyme oil applied showed effective reduction in foliar
diseases incidence more than 50%. In this regards, several investigators reported the antifungal effect of
essential oils. Thyme and Egyptian geranium oils are considered antimycotic natural compounds may be useful
for inhibition of mold fungi on wood in service or during storage of building materials [56]. Moreover, [57] had
the first report on the use of Thymol for controlling a plant disease under field conditions, which indicated that
this compound provided effective control of bacterial wilt on susceptible tomato cultivars. Also, Thymol has
been reported to have fungicidal activities and fumigation with thymol has been used for control of
postharvest fungal diseases [58-59]. Modes of action of the antibacterial property of thymol appeared to
include disruption of bacterial cell membrane integrity by altering protein reactions [60-61].

The preliminarily recorded results in the present work showed that foliar spray with bioagents or
essential oils can have a considerable activity against leaf spot of broad bean under field conditions. Their non
chemical properties suggest potentials for commercial formulation and application which could suggested as a
broad spectrum use against foliar pathogens under field conditions. The present findings demonstrate that the
future use of antagonistic microorganisms and essential oils on a commercial scale for controlling such
diseases. Considering their attribute and broad-spectrum activities, successful development of such
compounds as antifungal would not only provide a potent tool for control of plant foliar diseases, but also
could promise success in multipurpose biorational alternatives to conventional fungicides for the management
of plant diseases.

CONCLUSION

The present study, however, appears to be the first description of disease symptoms, morphology,
and pathogenicity of A. tenuissima, as a pathogen of broad bean causing a destructive leaf spot disease
observed in fields located in North Egypt. Moreover, this disease occurred during two successive growing
seasons at the same area under natural conditions as well as under in vitro under artificial infestation the
causal fungus proved to be A. tenuissima

This finding disagreed with a recent study of [24] who recorded that fourteen fungi related to 9
genera were isolated from diseased leaves of broad bean collected from different cultivated regions in Qena
governorate in Upper Egypt. They found that eight fungal species (represent 57.15% of total fungi tested) were
positive and successfully able to infect broad bean leaves appearing leaf spot symptoms. Meanwhile, six
species (42.85%) including Alternaria tenuissima had negative pathogenicity result and unable to infect the
leaves of broad bean plants and failing to produce any leaf spot symptoms.
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