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Biocontrol agent Trichoderma harzianum and fungicide alternatives as chemical inducers; Calcium
sulfate, Cystiene, Disodium phosphate, Potassium metabisulphite, Potassium aluminium sulfate (potash
alum) and Sodium sulfate were evaluated individually in combination for their suppressing effect against
rust disease incidence and severity under natural field conditions. All applied treatments revealed high
response against disease incidence and severity comparing with untreated control. Rust disease
incidence at individual application with chemical inducers ranged between 9.6% up to 12.6% comparing
with 33.6% at control treatment. More efficient influence was observed when these chemicals combined
with the bioagent T. harzianum and revealed disease incidence between 7.6% up to 10.3%. Rust
disease incidence at the fungicide Mancozeb treatment was recorded as 19.3% comparing with
untreated control 33.6% with reduction efficacy calculated as 58.6%. Similar trend was observed
concerning disease severity of faba bean plants, whereas single spray treatment with T. harzianum
showed the lowest record followed by applied treatments of chemical inducers combined with T.
harzianum. A significant reduction in rust incidence and severity of faba bean under field trials was
achieved using integrated treatment application of chemical inducers with the bioagent T. harzianum. It
may be concluded that such treatments are considered applicable, safe and cost-effective method for
controlling such foliar diseases
Keywords: Calcium sulfate, Cystiene, Disodium phosphate, faba bean, Potassium aluminium sulfate (potash alum),
Potassium metabisulphite, rust disease, T. harzianum

INTRODUCTION
Faba bean (Vicia fabaL.) is considered as one
of the world's most important grain legumes crops.
In the Middle East and North Africa is an
important protein source for the people. In Egypt,
the crop is grown for fresh pod utilization and for
dry seed production. A wide range of soilborne
and airborne pathogens attack faba bean plants.
Broad bean rust caused by Uromyces viciaefabae (Pers.) J. Schröt. is one of the most
important diseases where its pathogen survives in
soil and stubble and attacks all above ground
plant parts (Emeran et al.,2005). The pathogen is

a wide-spread disease. It is a major disease in the
Middle East, North Africa, Europe and China,
where moderate to substantial yield losses can
occur (Rashid and Bernier, 1991; Sillero et al.,
2010). Rust is favored by warm temperatures and
the fungus causes small, dusty, dark brown spots
surrounded by a pale yellow halo on leaves and
stems. In some seasons broad bean plots non
treated with fungicide showed serious crop losses
occur due to leaf rust as high as 31%. In the
infection process, a germ tube grows into the
stomata and from it mycelium develop inter
cellularly which forms haustoria within living cells
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plants, eventually erupting as uredospores
(Jakupovic et al., 2006). Different control methods
including chemical, biological, cross protection,
agricultural practices and resistant cultivars have
been studied to control Uromyces viciae-fabae,
the causal pathogen of rust disease on faba bean.
Chemical control against this pathogen has
offered good results but, improper use of
fungicides mostly leads to environmental pollution
hazards and resistance of the pathogen. Broad
bean rust control depends primarily on host
resistance, but unfortunately resistance has not
been long lasting that is because the pathogen of
broad bean rust has high genetic diversity and
ability for new race development. Fungicides are
used against broad bean rust but require timely
and repeated application. Foliar sprays of
mancozeb, chlorothalonil and copper hydroxide
have been recommended against rust (Hawthorne
et al., 2004).
Recently, the growing concern over the use of
pesticides to human health and environment has
brought increasing interest in the use of
alternatives characterized with negative impact on
the environment. Therefore, present activity
focuses on finding compounds that are safe to
human and environment which could used as
plant
defense
inducers.
Using
fungicide
alternatives, i.e. resistance inducers and
biocontrol agents are taken in considerations of
several investigators as modern strategy for
controlling plant diseases. In this regard, the fungi
belonging to genus Trichoderma are the most
promosing bio control agent which acts against a
wide range of plant pathogens. Trichoderma spp.
are capable of controlling a number of diseases of
plants, they control large number of foliar and
soilborne diseases (Papavizas, 1985). It was
reported that biocontrol agents affect the target
pathogens through different mechanisms such as
antibiosis, secretion of volatile toxic metabolites,
mycolytic enzymes, parasitism as well as through
competition for space and nutrients. Therefore the
use of the microbial antagonists like fungi and
bacteria is used successfully for different
biological approaches (Eckert and Ogawa, 1988;
Wisniewski and Wilson, 1992; Droby, 2006;
Korsten, 2006). In Egypt, the rust disease is wide
spread in faba bean cultivation and relatively
important because of the rapid leaf loss.
Therefore, the objectives of this study was made
to evaluate the bioagent, T. harzianum and some
chemical inducers as fungicide alternatives for
effective and eco-friendly management of faba
bean rust under field conditions.

MATERIALS AND METHODS
Tested materials
Faba bean (Vicia faba L.) seeds cv. Giza 3
obtained from Vegetables Crop Research
Department, Agricultural Research Centre, Giza,
Egypt. The tested chemicals; Calcium sulfate,
Cystiene, Disodium phosphate, Potassium
metabisulphite, Potassium aluminium sulfate
(potash alum) and Sodium sulfate were
purchased from Al-Gamhoria Company Ltd. for
chemicals and medicinal instruments, Cairo,
Egypt. The bioagent used in this study is
candidate antagonistic isolate of Trichoderma
harzianum was obtained from culture collection
Unit, Plant Pathology Dept., NRC, Egypt.
Field experiments
The field experiments were conducted for two
successive growing seasons (2015/2016 and
2016/2017) at Researches and Production
Station, National Research centre, Nobaria
region, Beheira governorate, Egypt. This
experiment was carried out to evaluate the
efficacy of the bioagent Trichoderma harzianum
and some chemicals act as fungicidal alternatives
individually or in combinations as foliar spray
treatments for controlling rust disease incidence
and severity of faba bean. The fungicide
Mancozeb WP 75% was applied as comparison
treatment.
The applied treatments were designed as
following:
1. Disodium phosphate (2% w:v)
2. Calcium sulfate (2% w:v)
3. Potassium metabisulphite (2% w:v)
4. Sodium sulfate (2% w:v)
5. Cystiene (2% w:v)
6. Potassium aluminium sulfate (potash alum)
(2% w:v)
8
7. Trichodermaharzianum (10 cfu/mL) (2% w:v)
8. T. harzianum+Disodium phosphate (2% w:v)
9. T. harzianum+ Calcium sulfate (2% w:v)
10. T. harzianum+ Potassium metabisulphite (2%
w:v)
11. T. harzianum+ Sodium sulfate (2% w:v)
12. T. harzianum+ Potassium aluminium sulfate
(potash alum) (2% w:v)
13. The fungicide Mancozeb WP 75% (3gm/L)
14. Untreated control (water)
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 three plots as replicates for
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each particular treatment as well as untreated
control treatment. Faba bean seeds Giza, 3 cv.
were sown in all treatments at the rate of
3seeds/hole. All plots received the traditional
agricultural practices, irrigation, fertilization, etc.
Certain weights or volumes were added to 20L
water to obtain the proposed concentration used
for each treatment. The inoculum of the bioagent
T. harzianum was used as spore suspension at
8
the rate of10 cfu/mL. All foliar spray treatments
were applied three times with 15 days interval
starting at the beginning of flowering stage.
Percent of rust disease incidence and severity
were recorded 15 days after the third spray
treatment. Average percent of disease incidence
or severity for the two seasons was calculated.

assessed by determining the percentage of leaf
area affected by U. viciae-fabae using a visual key
which rated of 1-9 disease scoring scale
(ICARDA, 1986), where 1 indicates no visible
symptom and 9 represents disease covering more
than 80% of the leaf area. Disease severity scores
were converted into percentage severity index
(PSI) (Wheeler, 1969).

Disease Assessment
Faba bean rust disease incidence (DI) was
estimated by counting the number of plants
showing rust symptoms in relative to all examined
plants in percentage (X100). Meanwhile disease
severity (DS) was evaluated in visually estimating
the percentage of leaf area covered by pustules of
rust on the leaves for 25 randomly selected plants
from each replication. Disease severity was

PSI =

Sum of numerical rating X 100
No. of plants scored X maximum score
on scale

Statistical analysis
The obtained data were subjected to IBM SPSS
software version 14.0. Analysis of variance was
determined and the mean values were compared
by Duncan’s multiple range test at P < 0.05.
RESULTS
Evaluation the efficacy of spraying faba bean
plants with the bioagent T. harzianum or chemical
inducers individually or in combination against rust
disease incidence and severity were performed
during two successive cultivated seasons (20152016 and 2016-2017).

Table 1. Average efficacy of foliar spray with T. harzianum and some chemical inducers
against rust disease incidence and severity on faba bean plants under field conditions during two
successive cultivation seasons
*

Rust disease
Incidence %
Severity %
Disodium phosphate
9.6 ±2.4e
23.4 ±1.0cd
Calcium sulfate
9.6 ±1.5e
22.3 ±1.9d
Potassium metabisulphite
10.6 ±0.7d
25.2 ±0.8c
Sodium sulfate
10.8 ±2.3d
24.3 ±1.8c
Cystiene
12.0 ±1.6c
21.5 ±1.1d
Potassium aluminium sulfate (potash alum)
12.6 ±3.5c
20.7 ±2.0de
T. harzianum
6.6 ±3.2gh
12.2 ±1.7g
T. harzianum+Disodium phosphate
7.6 ±1.9g
15.3 ±2.1f
T. harzianum+Calcium sulfate
7.8 ±2.8g
13.2 ±2.1fg
T. harzianum+Potassium metabisulphite
8.7 ±1.4f
16.6 ±0.9ef
T. harzianum+Sodium sulfate
8.3 ±0.9f
18.6 ±2.6e
T. harzianum+ Cystiene
9.7±2.6e
17.3 ±0.5e
T. harzianum + Potassium aluminium sulfate (potash alum)
10.3 ±2.2d
14.7 ±1.8f
Mancozeb WP 75% (3gm/L)
19.3 ±2.2b
34.3 ±3.4b
Control
33.6 ±3.7a
47.7 ±0.9a
Means ± standard deviations within a column followed by the same letter are not significantly different by Duncan
multiple range test at P < 0.05.
Treatment

* percentages of both rust incidence and severity were calculated as average of collected data for the
two successive growing seasons, 2015-2016 and 2016-2017.

____________________________________________________________________________________
Bioscience Research, 2018 volume 15(2): 1415-1423

1417

El-Mougy and Abdel-Kader

Bio and fungicide treatments against faba bean rust

Presented data in Table (1) showed that all
applied treatments revealed high response
against disease incidence and severity comparing
with untreated control. Rust disease incidence at
individual application with chemical inducers
ranged between 9.6% up to 12.6%. Enhancement
of this efficacy against disease incidence was
observed when these chemicals combined with
the bioagent T. harzianum and revealed disease
incidence between 7.6% up to 10.3%. Moreover,
foliar spray with T. harzianum revealed the lowest
disease incidence (6.6%) followed by combined
treatments of T. harzianum and the chemical
inducers, Disodium phosphate (7.6%), Calcium
sulfate (7.8%) and Sodium sulfate (8.3%).
Meanwhile, 10.3% rust incidence was recorded at
combined treatment of [T. harzianum + Potassium
aluminium sulfate (potash alum)]. Meanwhile,
10.3% rust incidence was recorded at combined
treatment of [T. harzianum + Potassium
aluminium sulfate (potash alum)]. Data also
showed that disease incidence at foliar spray with
individual treatment with Disodium phosphate and
Calcium sulfate revealed 9.6% followed by 10.6
and 10.8% at Potassium metabisulphite and
Sodium sulfate treatments. Higher rust disease
incidence recorded as 12.0 and 12.6% at
Cystiene and Potassium aluminium sulfate
(potash alum) individual treatments.
Illustrated data in Fig. (1) showed that spray
with T. harzianum caused the highest reduction in
rust incidence (80.3%) followed by all applied
chemical inducers when combined with the
bioagent T. harzianum ranged between 69.3% at

[T. harzianum + Potassium aluminium sulfate
(potash alum)] treatment up to 77.3% at [T.
harzianum + Disodium phosphate] treatment.
Meanwhile a disease reduction between 62.5% at
[Potassium aluminium sulfate (potash alum)]
treatment up to 71.4% at [Disodium phosphate]
and [Calcium sulfate] treatments was observed for
applied individual chemical inducers. Rust disease
incidence at the fungicide Mancozeb treatment
was recorded as 19.3% comparing with untreated
control 33.6% with reduction efficacy calculated
as 58.6% Similar trend was observed concerning
disease severity of faba bean plants (Table 1),
whereas single spray treatment with T. harzianum
showed the lowest record (12.24%) of disease
severity followed by applied treatments of
chemical inducers combined with T. harzianum
which ranged between 13.27% at [T. harzianum +
Calcium sulfate] treatment up to 18.66% at
treatment of [T. harzianum +Sodium sulfate].
Furthermore, spraying with T. harzianum
individually recorded the highest reduction
(74.3%) in disease severity (Fig. 1) followed by
72.2, 69.1, 67.9, 65.8, 63.6 and 60.9% at
combined treatments of T. harzianum and
Calcium sulfate, Potassium aluminium sulfate,
Disodium phosphate, Potassium metabisulphite,
Cystiene and Sodium sulfate, in respective order.
Meanwhile, individual applied treatments of
chemical inducers revealed reduction in disease
severity ranged between 47.0% at Potassium
metabisulphite up to 56.5% at Potassium
aluminium sulfate (potash alum) treatments.

Figure (1). Reduction in rust disease incidence and severity of faba bean plants in response to
foliar spray with T. harzianum and some chemical inducers under field conditions during two
successive cultivation seasons.
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DISCUSSION
The present works aimed for developing
fungicides alternative rust disease management
strategy by biological means in integration with
induce resistance compounds. An approach of
foliar application with the candidate bioagent
synergized with plant elicitors for resistance
induction as control measures could allow a
solution of the rust disease problem. Such
achievements were recorded by several
investigators.
Plant associated microbes used as biocontrol
agents can play a role in reducing losses to such
diseases, thus assuring a more sustainable
agriculture and the long term ability of our land to
produce food. Biological control should play a
major role in reducing the population of plant
pathogens with management systems (AbdelKader, 1999). As one of several possible means
for controlling plant pathogens without any
damage to the host plant antagonistic
microorganisms
have
been
suggested.
Antagonists considered as a potential costeffective means for reducing population of plant
pathogens (Wright et al. 2003). Numerous reviews
and several books subjected antagonists as
biological means for controlling plant pathogens.
Also, some of foliar diseases could successfully
controlled by using biocontrol agents. AbdelKader et al., (2012) tested bio-agents,
Trichoderma harzianum, T. Viride, Bacillus
subtilis,
Pseudomonas
fluorescens
and
Saccharomyces serevisiae for their efficacy
against foliar diseases, i.e. powdery, downy
mildews of cucumber, cantaloupe and pepper as
well as early, late blights of tomato under open
greenhouse conditions. They found significant
reduction at all treatments either alone or in
combinations comparing with untreated plants.
Similarly, Kiss (2003) stated that there is a large
number of fungi have been identified as hyper
parasites of rust fungi. Also, when susceptible
bean leaves were treated with Trichoderma
harzianum in a liquid medium showed local
protection against anthracnose (Bigirimana et al.,
2000). These reports confirmed the obtained
results in present study that the application of T.
harzianum as three times foliar spray could
minimize the rust disease incidence and severity
to 6.6 and 12.24% with reduction calculated as
80.3 and 74.3%, comparing with control treatment
which recorded as 33.6 and 47.76%, in respective
order. Furthermore, the use of efficient natural
compounds such as organic and inorganic salts is
one of the best alternatives. Bicarbonate and

carbonate salts known to have low mammalian
toxicity, therefore they have been used as
preservatives, pH regulators, and antimicrobial
agents in food industry (Olivier et al. 1998). These
salts are generally recognized as safe (GRAS) by
the United States Food and Drug Administration
(FDA) (FDA, 2009). In addition, various
investigators reported a wide inhibitory effect
against some foliar fungal plant pathogens,
Alternaria cucumerina, Ulocaladium cucurbitae,
and Colletotrichum orbiculare (Zıv and Zıtter,
1992), Botrytis cinerea (Palmer et al. 1997; Mılls
et al. 2004), Helminthosporium solani (Olivier et
al. 1998) by application of several salts. In many
studies performed to develop alternative
strategies for the control of plant diseases,
researchers tested the organic and inorganic salts
for their effects on plant diseases. They showed
that the salts may eventually be used in the
control of plant diseases. In parallel to this
phenomena the present study showed that
Potassium
metabisulphite
and
Potassium
aluminium sulfate (potash alum) could reduce rust
disease incidence and severity by (68.4, 47.0%)
and (62.5, 56.5%) as well as by (74.1, 65.8) and
(69.3, 69.1%) when applied individually or in
combination with T. harzianum, in respective
order. In this regards, Alum occurs naturally in
rocks that are located in areas where sulfide
materials and potassium-bearing minerals.
Bestoon (2012) reported that alum (Aluminum
potassium sulfate), is crystallized double sulfate
with the formula KAl (SO4)2.12H2O, are generally
characterized as odourless, colourless crystalline
solids that turn white in air. He added that alum is
used as an astringent and antisepsis material in
various food preparation processes such as
pickling and fermentation and as a flocculants for
water purification. Concerning Allum antimicrobial
effect, Dutta et al. (1996) studied the in vitro
bactericidal activity of potash alum when added to
water, against various epidemic causing enteric
pathogens like Vibrio cholerae 01, V. cholerae
0139 and Shigella dysenteriae. They found that
5
Potash alum could inhibit growth (10 ) viable
count per ml) of most of the organisms examined.
Similar results were also recorded by Bnyan et al.
(2014) against bacterial activity of S. aureus, S.
epidermidis, E. coli and Klebsiella pneumonia.
Also, Bezuidhout et al., (1987) recorded that Boric
acid and potassium aluminiumsulphate injections
improved Avocado tree condition in a five-year
trial. Trees injected with potassium hydroxide
responded positively and fewer roots were
infected with Phytophthora cinnamomi.
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Potassium and sodium salts are recorded to
have
antifungal
proprieties.
Dipotassium
phosphate, in combination with another EPAapproved compound (dipotassium phosphonate),
is intended to control fungal plant diseases on turf,
ornamentals, and non-bearing fruit and nut tree
crops (that is, on trees that have not yet
developed the edible crop). The active ingredient
appears to have a mixed mode of action involving
direct toxicity to the pathogen, aided by a boosting
of the plant’s defense mechanisms due the
fertilizing
properties
of
the
compound
(Anonymous, 2002). This active ingredient is
commonly sprayed on leaves as a fertilizer, and
seems also to help control certain fungal diseases
on ornamentals. When used in association with
another fertilizer, dipotassium phosphate is
approved for use in the manufacturing of pesticide
products intended to control certain fungal
diseases on ornamentals. When label directions
are followed, this active ingredient is not expected
to harm people or the environment (Anonymous,
2003). Similarly Umit (2015) evaluated the
antifungal activity of mono potassium phosphate
(KH2PO4) and dipotassium phosphate (K2HPO4)
as possible alternatives to synthetic fungicides for
the control of some phytopathogenic fungi. In
these tests, foliar applications of KH2PO4 and
KH2PO4 at the highest concentration (1%) tested
provided 66.1-72.0% and 70.3-80.2% disease
control against rust fungi P. triticina and U.
appendiculatus, respectively. He concludes that
both potassium phosphate compounds tested
could become natural alternatives to synthetic
fungicides for control of phytopathogenic fungi.
These results are in agreement with those of
Mecteau et al.,(2002 and 2008), who reported that
sodium benzoate and sodium metabisulfite
completely inhibited mycelial growth of F.
sambucinum and F. solani var. coereuleum, and
had a strong inhibitory activity on spore
germination of F. sambucinum. Furthermore,
there has been considerable interest in the use of
sulfur-containing salts were evaluated for their
effects on the mycelial growth of various fungal or
fungus-like pathogens and their ability to control
carrot cavity spot caused by Pythium sulcatum
and potato dry rot caused by Fusarium
sambucinum (Kolaei et al., 2012). They added
that calcium sulfate and ammonium sulfate as well
as sodium sulfate were directly inhibited P.
sulcatum and F. sambucinum, in respective order.
They conclude that sulfate- containing salts have
inhibitory effect against those fungi. Calcium
sulfate and sodium sulfate also significantly

reduced carrot cavity spot lesions at 50 mM and
ammonium sulfate, magnesium sulfate, potassium
sulfate and sodium sulfate reduced potato dry rot
lesions at 200 mM. Moreover, Trisodium
phosphate (TSP) is the inorganic compound.
Trisodium phosphate can also be called trisodium
orthophosphate or simply sodium phosphate
which most often found in white powder form.
Some sodium salts are approved as food
additives in the EU such as Sodium phosphates
including monosodium phosphate, disodium
phosphate, and trisodium phosphate. They are
used as antioxidant agents and have the
collective E number E339 (Anonymous, 2014a). In
the United States, sodium phosphates are
categorized as generally recognized as safe when
used in accordance with good manufacturing
practice (Anonymous, 2014b). In many brands of
children's cereal, toothpaste, processed cheese,
meats, and canned soups Trisodium phosphate is
commonly found (Anonymous, 2014c). Sodium
and calcium salts successfully used in
combination with bacterial and yeasts biocontrol
agents to enhance control of postharvest decays
on citrus, pome, and stone fruits (Conway et al.,
1991; Wisniewski et al. 1995; Smilanick et al.,
1999).These reports are clearly demonstrated in
the present study and show that the application of
T. harzianum enhanced the control of rust foliar
disease
when
combined
with
Disodium
phosphate, Sodium sulfate or calcium chloride
spray.
In the present study application of cysteine as
foliar spray revealed reduction in rust disease
incidence by 64.2% and its severity by 54.8%.
Moreover, this efficacy was enhanced to be
71.1% and 63.6% in respective order when
cysteine combined with the bioagent T.
harzianum. These results are confirmed with
many previous reports of several workers.
Generally, cysteine is known as amino acid helps
produce glutathione, an antioxidant that plays a
key role in regulating many cellular functions and
helps keep the defense mechanism. cysteine has
been reported to effectively inhibit PPO-mediated
enzymatic browning of fruit and vegetables
(Joslyn and Ponting, 1951). Also, Kahn (1985)
reported that L-cysteine was shown to be the
most effective inhibitor of browning in banana and
avocado tissues. On the other hand, several
investigators reported the antifungal effect of
cysteine against plant pathogenic fungi. In this
concern, the effects of cysteine in cultures on
fungal growth have been described (Thuy et al.,
1981; Pandey et al., 1984; Daigle and Cotty
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1991). According to these investigations, cysteine
can be used as an effective control agent against
various fungal diseases in animals and human
beings. Cysteine possesses strong mycotoxicity, a
broad range of activity, persistence of toxicity at
high temperature and resistance to endurance of
heavy fungal doses. Most previous investigations
of the effect of cysteine on fungi have been
performed with dermatophytes, such as
Epiderrnophytum, Microsporum, Trichophyton
species. The concentrations used were as low as
0.01-0.06 mM and they completely inhibited
growth in the cultures (Thuy et al,. 1981; Pandey
et al., 1984). According to Daigle and Cotty (1991)
cysteine also inhibits spore germination of some
fungal weed pathogens, Altenaria species, at
concentrations as low as 1 mM. Other results
have suggested that cysteine and similar
compounds may be useful in preventing fungal
disease caused by fungal pathogens in Altenaria
species. Also, Kahlos and Tikka (1994) studied
the antifungal activity of cysteine (2-amino-3mercaptopropionic acid) on mycelial growth in
solid and liquid cultures of Inonotus obliquus at
cysteine concentrations of 0.9 and 9.0 mM. They
found that cysteine had greater antifungal activity
at 9.0 than at 0.9 mM. Moreover, Kruger et al.
(2002) reported that Tomato cysteine proteases,
for instance Rcr3, Pip1, aleurain, and TDI-65, are
necessary during basal host defence against
fungal pathogens. Pip1 and Rcr3 are strongly
induced by effectors during fungal development
as well as by hormones such as salicylic acid.
Also, Macalood et al., (2014) stated that Carica
papaya L. latex is known to contain a lot of
phytochemicals including papain, a cysteine
proteinase thought to effectively involved in plant
defense against herbivorous insects, mollusc,
fungi and other farm pests.

treatment application of chemical inducers with
the bioagent T. harzianum. It may be concluded
that such treatments are considered applicable,
safe and cost-effective method for controlling such
foliar diseases.

CONCLUSION
The importance of the present study,
therefore, based on the use of induce resistance
compounds and biocontrol agents in integration
that able to suppress diseases incidence and
development as well as to compete undesirable
conditions in order to, adapt easily to
environments when applied, and eliminate the
necessity of using the pesticides for controlling
plant pathogens as well. The present investigation
proved the importance of Trichoderma as a
biological control agent and its application towards
management of plant diseases. Also it revealed a
significant reduction in rust incidence and severity
of faba bean under field trials using integrated
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