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Trichoderma harzianum and fungicide alternatives as antioxidants; Cystiene and Potassium aluminium
sulfate (potash alum) were evaluated individually in combination for their efficacy as seed dressing
against root rot disease incidence for two successive growing seasons and under natural field
conditions. All applied treatments revealed high response against disease incidence compared with
untreated control. Also, it was observed that percentages of root rot incidence were higher at the first
early summer growing season (March- June, 2016) than these at the second winter growing season
(September- December, 2017) for both pre-, and post emergence growth stages. At pre-emergence
stages of the first and second growing seasons, coating seeds with the bioagent T. harzianum had
superior effect against disease incidence followed by potash alum and cysteine treatments. Similar trend
was also observed with the same treatments at post-emergence stages. The combined treatments
revealed lower effect on root rot incidence compared with each applied individual treatment either at pre, or post-emergence growth stages. These records were true throughout the two successive growing
seasons. The lowest effect on disease incidence recorded at fungicide treatment as at both pre-, and
post-emergence growth stages for the two successive growing seasons compared with untreated control
treatment. A significant reduction in root rot incidence as well as increase in plant stands of green bean
under field trials was achieved using individual application of antioxidants and T. harzianum. It may be
concluded that such treatments are considered applicable, safe and cost-effective method for controlling
such soilborne diseases.
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INTRODUCTION
Common bean (Phaseolus vulgaris L.) is one
of the most widely cultivated food legume species
in the world (Baudoin et al., 2001) for local
consumption and exportation purposes and is a
worldwide food-secure and nutritious worldwide
crop which considered as an important human
food in developing countries. Bean is attacked by
certain pathogenic fungi causing wilt, root-rot and
leaf spot diseases which seriously affected both
plant stand and yield production. The main factor
of plant stands and yield losses in many countries

is attacking the cultivated crops with diseases
caused by soilborne plant pathogens. Fusarium
solani, Sclerotium rolfsii and Rhizoctonia solani
are considered the most deleterious soilborne
fungi causing root rot disease of bean (AbdelKader, 1997; El-Mougy et al., 2007). Root rot
disease affecting emerged seedlings during the
growing season of crops from emergence above
the soil surface to seedling stage, and may earlier
infect seeds during emergence causing preemergence infection lead to the necessity of
replanting the missed hills or dead plants.

El-Mougy and Abdel-Kader

Seed dressing against green bean root rot

In Egypt, where faba bean produced for centuries,
due to consecutively cultivation on the same land
referring to the economic importance of green
bean, this could leads to a high buildup of
pathogen inoculums, and causes serious yield
losses. Although there is an intensive use of
fungicides, they don’t give satisfactory control of
the root disease. Recently there is increasing
interest for the use of fungicide alternatives to
avoid the negative effect on human health and
environment. One of the main procedures used in
the research of biologically active substances is
the systematic screening of the interaction
between microorganisms and plant products. This
procedure has been source of useful agents to
control the microbial survival in different
microbiology application fields (Salvat et al.,
2001). Plant products of recognized antimicrobial
spectrum could appear in food conservation
systems as main antimicrobial compound or as
adjuvant to improve the action of other
antimicrobial compounds (Kaur and Arora, 1999).
These substances have a great economic
potential, especially in the food, pharmaceutical
and perfumery sectors. Thus, the number of
studies on the chemical composition and
biological properties of these oils, as well as the
taxonomic, environmental and cultivation factors
that lead to variations in their quantity and quality,
has been growing (Simões et al., 2003).
The present research focuses on finding natural
compounds that are safe to humans and the
environment. The objective of this study was
made to evaluate the bioagent, T. harzianum and
some chemical inducers, Cystiene and Potassium
aluminium sulfate (potash alum) as fungicide
alternatives for effective and eco-friendly
management against root rot disease incidence of
green bean when used as seed dressing under
field conditions.
MATERIALS AND METHODS
Tested materials
Green bean (Phaseolus vulgaris L.)seeds cv. Giza
4 obtained from Vegetables Crop Research
Department, Agricultural Research Centre, Giza,
Egypt. The tested chemicals; cysteine and
Potassium aluminium sulfate (potash alum) 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 (March 2016 and
September 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,
cysteine and Potassium aluminium sulfate (potash
alum) individually or in combinations as seed
dressing treatments for controlling root rot disease
incidence of green bean. The fungicide Rhizolex50 WP was applied as comparison treatment.
Both cysteine and potash alum applied at the rate
of 0.5 gm/ 100gm seeds, meanwhile the fungicide
Rizolex-T was used as 3 gm/Kg seeds. A spore
suspension of the bioagent Trichoderma
harzianum 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 slide. Soil infestation in the
experimental field was recorded to be
characterized with semi homogeneous distribution
with root rot pathogens mainly Fusarium solani,
Sclerotium rolfsii and Rhizoctonia solani (AbdelKader and El-Mougy, 2016).
At the two successive seasons all applied
procedures were followed. The experimental field
comprised of plots (2×15 m), each comprised of
10 rows (1.5m between rows, 2m long of each
row and 8 holes / row). At the same field green
bean seeds Giza, 4 cv. were sown in all
treatments at the rate of one seed / hole to obtain
a uniform number of 80 seedlings / plot. Green
bean seeds were coated with the proposed
treatment which designed as following:
1. Cysteine at the rate of (0.5 gm/100 gm
seeds)
2. Potassium aluminium sulfate (potash alum)
at the rate of (0.5 gm/100 gm seeds)
8
3. Trichoderma harzianum (10 cfu/mL)at the
rate of (5 mL/100 gm seeds)
4. Cysteine + Potassium aluminium sulfate
each at the rate of (0.5 gm/100 gm seeds)
5. Cysteine (0.5 gm/100 gm seeds) + T.
8
harzianum(10 cfu/mL)(5 mL/100 gm seeds)
6. Potassium aluminium sulfate (0.5 gm/100 gm
8
seeds) + T. harzianum (10 cfu/mL)(5 mL/100
gm seeds)
7. Cysteine + Potassium aluminium sulfate
each at the rate of (0.5 gm/100 gm seeds) +
8
T. harzianum (10 cfu/mL)(5 mL/100 gm
seeds)
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8. The fungicide Rhizolex WP 50% at the rate of
3 gm/Kg seeds.
9. Untreated control
Concerning illustration five replicates for every
specific treatment and in addition untreated plots
were taken in consideration. All plots were
conducted in completely randomized block
design. The traditional agricultural practices, that
is, soil plowing, fertilization, irrigation, etc., were
followed at all experimental plots. Monitoring and
scouting for disease incidence in all cultivated
plots were preformed weekly (El-Mougy, 2001).
Percent of root rot disease incidence as pre- and
post-emergence was recorded after 15 days from
sowing date referring to the numbers of sown
seeds and 45 days referring to the numbers of
emerged seedlings. The field experiments were
carried out at the same field for two successive
spring (March, 2016) and winter (September,
2017) growing seasons. Then, average of disease
incidence for the two seasons was calculated.
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 AND DISCUSSION
Under field conditions evaluation of the
bioagent Trichoderma harzianum and antioxidants
act as fungicidal alternatives, cysteine and potash
alum individually or in combinations as seed
dressing treatments against green bean root rot
incidence was carried out for two successive
growing seasons.
Presented data in Table (1) revealed that all
applied treatments significantly affect root rot
incidence compared with untreated control
treatment. Also, it was observed that percentages
of root rot incidence were higher at the first early
summer growing season (March- June, 2016)
than these at the second winter growing season
(September- December, 2017) for both pre-, and
post emergence growth stages. At pre-emergence
stages of the first growing season, coating seeds
with the bioagent T. harzianum had superior effect
recorded as 11.2% against disease incidence
followed by potash alum and cysteine treatments
as 12.5 and 16.2%, in relevant order. Similar trend
was also observed with the same treatments at
post-emergence
stages,
whereas
disease
incidence records were 11.2, 11.4 and 13.4%, in

respective order for the two successive seasons.
Another feature was observed in combined
treatments. The combined treatments revealed
lower effect on root rot incidence compared with
each individual treatment either at pre-, or postemergence growth stages. Referring to presented
data in Table (1) it was observed that when
potash alum combined with cysteine or T.
harzianum revealed disease incidence recorded
as 17.5, 12.1% and 12.1, 15.8% at pre-, and postemergence growth stages, respectively. Similarly,
lesser effect on root rot disease incidence for the
treatments of [cysteine + T. harzianum] and [T.
harzianum + Cystiene + potash alum] were
recorded as 18.7, 13.8% and 22.5, 17.7% at pre-,
and post-emergence growth stages, in respective
order. These records were true throughout the two
successive growing seasons. Data in Table (1)
also showed that the lowest effect on disease
incidence recorded at fungicide treatment as
(25.0, 25.0%) and (22.5, 22.5%) at both pre-, and
post-emergence growth stages for the two
successive growing seasons compared with
untreated control treatment which recoded as
(37.5, 32.6%) and (35.0, 30.7%), in respective
order.
Presented data in Table (2) revealed that all
applied treatments as seed dressing had
protective effect against root rot incidence
resulted in reduction in disease incidence and
subsequently increased the number of healthy
survival bean plants. In this concern, the highest
disease reduction was recorded at individual
treatment of T. harzianum as 70.1, 65.6% and
75.1, 73.2% followed by potash alum and cysteine
at both pre-, and post-emergence growth stages
for the two successive seasons, in respective
order.
Meanwhile, combined treatment of [T. harzianum
+ Cystiene + potash alum] recorded the highest
disease reduction as 40.0, 45.7% and 42.8,
49.1% followed by of [T. harzianum + potash
alum], of [T. harzianum + Cystiene] and [Cystiene
+ potash alum] at both pre-, and post-emergence
growth stages for the two successive seasons, in
respective relevant. Regarding to the number of
sown seeds (80 seeds), data in Tables (1 and 2)
showed that throughout the two growing seasons
the highest healthy survivals was 63, 67 plants
which represent 90.9, 86.1% over untreated
control at T. harzianum individual treatment
followed by 87.8, 80.5% and 75.7, 69.4%) at
treatments of Potash alum, Cystiene, respectively.
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Table 1: Efficacy of seed dressing with cystiene, potash alum and T. harzianum against green bean root rot incidence under field
conditions
Root rot incidence and healthy plant survivals (%)
First spring growing season
Second winter growing season
(March 2016)
(September, 2017)
Seed dressing
Treatment

Pre-emergence*

Cystiene
Potash alum
Cystiene + potash alum
T. harzianum
T. harzianum+ Cystiene
T. harzianum+ potash alum
T. harzianum+ Cystiene + potash soda
Rizolex (3gm/Kg)
Control

Plants
No.
13
10
14
9
15
17
18
20
30

Disease %
16.2 ± 2.08de
12.5 ± 1.08f
17.5 ±0.7d
11.2 ±0.8f
18.7 ±1.2d
21.2 ±1.9c
22.5 ±1.8c
25.0 ±3.2b
37.5 ±0.9a

Postemergence**
Plants
No.
9
8
8
8
9
10
11
15
17

Disease
%
13.4 ±0.8e
11.4 ±1.5fg
12.1 ±0.9f
11.2 ±0.5fg
13.8 ±1.4e
15.8 ±0.9d
17.7 ±2.7c
25.0 ±0.9b
32.6 ±1.5a

No. of
Survivals
58±2.6e
62 ±2.6f
58 ±3.6e
63 ±2.6f
56 ±2.6cd
53 ±10.5c
51 ±1.7c
45 ±1.0b
33 ±1.0a

Postemergence

Pre-emergence
Plants
No.
11
8
12
7
13
15
16
18
28

Disease
%
13.7 ±0.7f
10.0 ±0.3g
15.0 ±1.1e
8.7 ±0.98h
16.3 ±0.9d
18.7 ±0.9c
20.0 ±3.0b
22.5 ±2.5b
35.0 ±3.3a

Plants
No.
8
7
7
6
8
9
10
14
16

Disease
%
11.5 ±0.7e
9.7 ±1.3fg
10.2 ±1.2f
8.2 ±0.4g
11.9 ±0.3e
13.8 ±0.9d
15.6 ±0.8c
22.5 ±2.2b
30.7 ±1.8a

No. of
Survivals
61±2.1e
65 ±1.5f
61±2.2e
6 ±1.5g
59±1.4cd
56 ±1.9c
54 ±1.3c
48 ±1.1b
36 ±1.5a

* Root rot incidence at pre-emergence was recorded relatively to the number of sowed green bean seeds= 80
**
Root rot incidence at post-emergence was recorded relatively to the number of emerged green bean seedlings
Means ± standard deviations within a column followed by the same letter are not significantly different by Duncan multiple range test at P < 0.05

Table 2: Reduction in root rot incidence and increase plant healthy survivals in response to seed dressing with bioagent, cysteine and
potash alum during two successive seasons under natural field conditions

Cystiene
Potash alum
Cystiene + potash alum
T. harzianum
T. harzianum+ Cystiene
T. harzianum+ potash alum
T. harzianum+ Cystiene + potash soda
Rizolex (3gm/Kg)

Preemergence
56.8 ±5.0cd
66.6 ±1.5e
53.3 ±2.1c
70.1 ±1.2e
50.1±1.8c
43.4±1.3b
40.0±3.2b
33.3±2.3a

Root rot reduction* and increase healthy plant survivals**
First growing season
Second growing season
(March 2016)
(September, 2017)
PostSurvival
PrePostemergence
increase
emergence
emergence
58.8±4.4d
75.7 ±3.7e
60.8±4.7d
62.5±1.4d
65.0±2.6f
87.8 ±7.5f
71.4±2.1e
68.4±2.6e
62.8±2.3e
75.7 ±1.1e
57.1±1.2c
66.7±3.0e
65.6±3.5f
90.9 ±4.5g
75.1±1.6f
73.2±3.0f
57.6±4.7d
69.6 ±4.5d
53.4±2.1c
61.2±3.2d
51.5±2.2c
60.6 ±4.2c
46.5±2.6b
55.0±5.2c
45.7 ±2.7cd
54.5 ±1.4b
42.8±3.0b
49.1±2.1b
23.3±3.1a
36.3 ±2.1a
35.7±2.1a
26.7±3.6a

Survival
increase
69.4±4.3f
80.5±2.6g
69.4±6.4f
86.1±1.6e
63.8±1.3d
55.5±4.0c
50.0±4.0b
33.3±3.5a

*

Root rot reduction (%) at pre-, and post-emergence calculated in relative to untreated control.
**
Plant survival increase (%) in each treatment calculated relatively to survivals in control.
Means ± standard deviations within a column followed by the same letter are not significantly different by Duncan multiple range test at P < 0.

Bioscience Research, 2018 volume 15(2): 1401-1408

1404

El-Mougy and Abdel-Kader

Seed dressing against green bean root rot

Meanwhile, at combined treatments the
highest increase in plant survivals was recorded
with [Cystiene + potash alum] as 75.7, 69.4%
followed by [T. harzianum+ Cystiene], [T.
harzianum + potash alum] and [T. harzianum +
Cystiene + potash soda], respectively for the two
successive growing seasons. Similarly the
fungicide treatment recorded a number of 45 and
48 calculated as 56.2 and 60.0% healthy survival
plants compared with 33 and 36 calculated as
41.2 and 45.0% at control treatment. The present
study aimed to develop fungicides alternative
against green bean root rot disease management
strategy by biological means of bioagent and
antioxidants induce resistance compounds. As
stated in Tables (1 and 2) approach of seed
dressing treatment with the bioagent T. harzianum
could reduce green bean root rot incidence by
70.1, 75.1% and 65.6, 73.2% at both pre-, and
post-emergence growth stages of the two growing
season. Data also revealed that the percentages
of root rot incidence at both pre-, and post
emergence were higher in the first season than
those of the second one. This observation could
be attributed to the soil temperatures which are
higher during the first summer season (MarchJune) than the winter second season (SeptemberDecember). In this regard, it is well known that
temperature is of major importance in disease
development since it determines pathogen growth
rate. Soil temperature is generally a less critical
factor for soilborne problems on cultivated crops.
Under favorable conditions, warm temperatures,
during the growing season, the pathogens grow
and develop more rapidly and can cause more
disease, meanwhile colder soil temperatures
usually slow pathogen development and reduce
the incidence of disease. Although data on soil
temperature in our experimental field in the
Nubaria region are not available, our results that
bean root rot incidence was more severe at a soil
o
temperature range (20-35 C) during March-June
season than that of (12-17°C) during SeptemberDecember season where cooler temperatures in
this period slow the pathogen’s activity provide a
better explanation as to why root rot disease
develops greater in summer growing season.
These results agreed in a harmony with those of
Ebben and Last (1973) who reported that the slow
effects of Phomopsis scleratioides the causal of
black root rot on cucumber development were
observed at a soil temperature of 10 than 20°C.
Such achievements were recorded by several
investigators. Plant associated microbes used as
biocontrol agents should play a major role in

reducing the population of plant pathogens with
management systems (Abdel-Kader, 1999).
Antagonists considered as a potential costeffective means for reducing population of plant
pathogens (Wright et al. 2003). In this regard, the
fungi belonging to genus Trichoderma are the
most promising 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). Antibiosis, secretion of volatile
toxic metabolites, mycolytic enzymes, parasitism
as well as through competition for space and
nutrients are considered mechanisms and the
mode of action of biocontrol agents. Also, AbdelKader (1997) reported that Trichoderma
harzianum introduced to the soil was able to
reduce root rot incidence of bean plants
significantly more than the fungicide Rizolex-T.
Furthermore, several investigators reported that
Trichoderma spp. are well documented as
effective biological control agents of plant
diseases caused by soilborne fungi (Sivan and
chet, 1986; Wipps and Lamendson, 2001; Mclean
et al., 2004).
On the other hand, the use of efficient natural
compounds such as organic and inorganic salts is
one of the best alternatives. Potassium and
sodium salts are recorded to have antifungal
properties and have widely been used in the food
industry as preservatives, pH regulators, and
antimicrobial agents and are known to have low
mammalian toxicity (Olivier et al., 1998). Many
researchers performed several studies to test the
organic and inorganic salts for their effects on
plant diseases for the purpose to develop
alternative strategies for the control of plant
diseases. They showed that the salts may
eventually be used in the control of plant diseases
(Olivier et al. 1998; Mılls et al. 2004; Umit, 2015).
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 and Shigellady senteriae. They found
that Potash alum could inhibit growth 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
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and fewer roots were infected with Phytophthora
cinnamomi. These reports are in a harmony of the
obtained results in the present study that seed
dressing with potassium aluminiumsulphate
(potash alum) could reduce root rot incidence of
green bean by (66.6, 65%), (71.4, 68.4%) when
applied individually; (53.3, 62.8%), (57.1, 66.7%)
when combined with cysteine; (43.4, 51.5%),
(46.5, 55.0%) when combined with T. harzianum
and (40.0, 45.7%), (42.8, 49.1%) when applied in
combination with [cysteine + T. harzianum], at
both pre-, and post-emergence growth stages of
the first and second seasons, in respective order.
Also at the first and second seasons,
application of cysteine as seed dressing revealed
reduction in root rot disease incidence by (56.8,
58.8%), (60.8, 62.5%) and (50.1, 57.6%), (53.4,
61.2%) when applied individually or in
combination with T. harzianum, in respective
order. These results are confirmed with many
previous reports of several workers which
reported the antifungal effect of cysteine against
plant pathogenic fungi. Cysteine is known as
amino acid which helps to produce glutathione the
antioxidant that plays an important role for
regulating many cellular functions and helps keep
the defense mechanism. Also, the effects of
cysteine in cultures on fungal growth have been
described (Thuy et al., 1981; Pandey et al., 1984;
Daigle and Cotty, 1991). 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 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, Altenariaspecies. Other results have
suggested that cysteine and similar compounds
may be useful in preventing fungal disease
caused by the fungal pathogens Altenaria spp.
Also, Kahlos and Tikka (1994) that cysteine had
antifungal activity of cysteine (2-amino-3mercaptopropionic acid) on mycelial growth in
solid and liquid cultures of Inonotus obliquus at
different concentrations. Moreover, Kruger et al.
(2002) reported that Tomato cysteine proteases,
for instance Rcr3, Pip1, aleurain, and TDI-65, are
necessary during basal host defense against
fungal pathogens. Also, Macalood et al. (2014)
recorded that papain, a cysteine proteinase

thought to effectively involved in plant defense
against herviborous insects, mollusc, fungi and
other farm pests.
They found that these
phytochemicals were included in Carica papaya L.
latex extract.
The obtained results in the present study
revealed that the applied treatments of T.
harzianum, potash alum and cysteine individually
proved to be having protective effect against root
rot soilborne pathogens at the seed bed
throughout the seed germination stage and
extended at seedling stage up to 45 days old (the
experimental period). They caused disease
reduction ranged between (56.8 – 70.1%); (58.8 65.6%) at the first growing season and (60.8 75.1%); (62.5 - 73.2%) at the second growing
season for both pre-, and post-emergence stages,
respectively (Table, 2). It was interesting to note
that the efficacy of all individual applied
treatments against root rot incidence was reduced
when either both or each of potash alum and
cysteine combined with T. harzianum. These
results indicate that these materials could have
inhibitor effect on the bioagent T. harzianum
which reflected on lesser efficacy on root rot
pathogens comparing with higher efficacy when
applied as individual treatment. These results
agree with those reported by El-Mougy and AbdelKader (unpublished data). They stated that faba
bean rust disease incidence and severity were
reduced at individual application of T. harzianum,
cysteine and potash alum. Enhancement of this
efficacy, more disease reduction, against disease
incidence and severity was observed when these
chemicals combined with T. harzianum. These
differences in the efficacy of combined treatment
of cysteine, potash alum and T. harzianum could
be attributed to the court application medium
which was foliar spray in their study and seed
dressing in our work although, they used cysteine
and potash alum at a rate of 2% (w:v), meanwhile,
we used a rate of 0.5% (w:w). Moreover, the sown
seeds in soil could be affected by several factors
one of them the rhizosphere, which is defined as
the region surrounding a root that is affected by it.
The rhizosphere is subject to dramatic changes,
e.g. temperature, rain and daytime drought which
can be resulted in fluctuations of salt
concentration, pH, osmotic potential, water
potential and structure of soil particle, etc. Over
longer temporal scales, the rhizosphere can
change due to root growth, interactions with other
soil biota, and weathering processes (Hawes,
1991).
In the present study it was observed that the
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applied treatments as seed dressing reflected on
the increase percent of healthy survival plants
ranged between 54.5, 50.0% up to 90.9, 86.1%
compared with 36.3, 33.3% in fungicide seed
dressing over the control check treatment for the
two growing seasons, respectively. The increases
in yield produced in these treatments are
expected although the obtained yield was not
determined in our study. This expectation could
be due to the parallel increase in plant stand at
different treatments and subsequently increase in
yield. This phenomenon was also reported by
several workers (Abdel-Kader and Ashour, 1994;
Abdel-Kader, 1997; El-Mougy et al., 2014).
CONCLUSION
The importance of the present study,
therefore, based on the use of induce resistance
compounds and biocontrol agents that able to
suppress diseases incidence, and eliminate the
necessity of using chemical fungicides for
controlling plant pathogens as well. The present
investigation
proved
the
importance
of
Trichoderma as a biological control agent,
antioxidant
chemical
inducers
and
their
application towards management of plant
diseases. Also it revealed a significant reduction
in root rot incidence of green bean under field
trials using cysteine, potash alum as well as T.
harzianum. It may be concluded that such
treatments are considered applicable, safe and
cost-effective method for controlling such foliar
diseases.
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