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ABSTRACT: The effect of some biological controf agents on the growth of
seven isolates of the most frequent isolated pathogens from fruit rot of
peppeor, le. 3 isolates of Fusarium, 2 isolates of Alternaria and 2 isolates of
Aspergillus were studied under laboratory conditions. Eight isolates of
Trichoderma spp and one jsolate of Bacillus subtilis were used for
determination of the antagonistic activities against fungal pathogens in dual
culture laboratory conditions.

Three parameters were measured for antagonistic activities, i.e. linear growth
and reduction of fungal growth under stress of bioagent, as well as over
growth and/or inhibition zone. B. subtilis, Trichoderma hamatum, T.
harzianum and T. viride were found tfo be the most potent biocontrol agents
against most of the pathogens. The antagonistic effe¢t was increased after
irradiation of B. subtilis to radiation dose of 1 kGy and irradiation of
Trichoderma sp. to a dose of 0.2 kGy.
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INTRODUCTION

Bell pepper is an important commetcial crop in the world. Sensory and
nutritional characteristics make it a widely accepted vegetable by
consumers. Peppers are grown in most countries of the world, being Asia the
largest producer (Bosland and Votava, 2000).

Some fungi are plant pathogens and can start the spoilage from the field
while others, aithough they could contaminate the fruits in the field, actually
proliferate and cause substantial spoilage only after harvest when the main
plant defenses are reduced or eliminated. Post-harvest fruit spoilage results
in significant economic losses. Additionally, if the spoiling fungi are
toxigenic or pathcgenic, they could pose a health risk for the consumer.
Toxigenic fungi have been isolated from spoiling fruits. Some of these
moulds could produce mycotoxins while grown on fruits, even during
refrigeration {Tournas and Stack, 2001). Moreover, pathogenic fungi couid
cause infections or aliergies in susceptible individuals (Kurup, 2003; Monso,
2004).
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Postharvest diseases cause considerable losses to harvested fruits and
vegetables during transportation and storage. Synthetic fungicides are
primarily used to control postharvest decay loss. However, the recent trend
is shifting toward safer and more eco-friendly alternatives for the control of
postharvest decays. Of various biological approaches, the use of
antagonistic microorganisms is becoming popular throughout the world.
Severa! postharvest dilseases can now be controlled by microbial
antagonists. Although the mechanism(s) by which microbial antagonists
suppress the postharvest diseases is still unknown, competition for nutrients
and space is meet widely accepted mechanism of their action (Sharma ef al.,
2009).

in addition, production of antibiotics, direct parasitism, and possibly
induced resistance in the harvested commodity are other modes of their
actions by which they suppress the activity of postharvest pathogens in
fruits and vegetables. Microbial antagonists are applied either before or after
harvest, but postharvest applications are more effective than preharvest
applications. Mixed cufttures of the microbial antagonists appear to provide
better control of postharvest diseases over individual cultures or strains
(Sharma et al., 2009).

The use of biological agents to enhance the plant defense mechanisms
against pathogens represents an ecologically friendly ailternative to
pesticides repeatediy used to control plant diseases. This strategy has more
significance against soil borne pathogens

Postharvest decays of fruits and vegetables account for significant levels
of postharvest losses. It is estimated that about 20-25% of the harvested
fruits and vegetables are decayed by pathogens during postharvest handling
even in developed countries (Zhu, 2006; Singh and Sharma, 2007). In
developing countries, postharvest losses are often more severe due to
inadequate storage and transportation facilities.

Synthetic fungicides are primarily used to control postharvest diseases of
fruits and vegetables (Zhu, 2006; Singh and Sharma, 2007). Nevertheless,
attempts to reduce chemical contamination of the environment as well as
health hazards associated with consur.otion of pesticide residues dictate the
reduction of the use of such chemicals. In addition, the recent trend is
shifting toward safer and more eco-friendly alternatives for the control of
postharvest decays.

There is a strong public and scientific desire to seek safer and eco-
friendly alternatives for reducing the decay loss In the harvested
commodities (Mari et al., 2007). Among different biological approaches, use
of the microbial antagonists like yeasts, fungi, and bacteria is quite
promising and gaining popularity (Droby, 2006; Korsten, 2006). There are two
basic approaches for using the microbial antagonists for controlling the
postharvest diseases of fruits and vegetables: (1) use of microorganisms
which already exist on the product itself, which can be promoted and
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managed, or (2) those that can be artificially introduced against postharvest
pathogens.

The objective of this study was to evaluate the potential of using
Trichoderma species as well as B. subtilis as blological control agents to
confrol the pepper fruit rot caused by some fungal pathogens under
laboratory and green house conditions in artificially infected fruits. Also, to
evaluate the effects of y-irradiation on the control of Tricoderma and Bacillus
In vive and in vitro and investigate whether these agents can control the
disease of fruit rot in pepper.

MATERIALS AND METHODS
Media:

Potato dextrose agar medium (PDA) containing {g/l): peeled and sliced
potatoes 200, dextrose 20; and agar 20. Tryptone glucose yeast extract agar
medium (TGY) containting the following in (g/l): tryptone §; glucose 3; yeast
extract 1; agar 15, pH 7.0 was used for culturing and maintenance of fungal
and Bacillus subtilis strains, respectively.

Collection of infected plant materials:

This work was started by collecting naturally infected pepper fruits
showing fruit rot symptoms, from different pepper growing areas in Minufiya
governorate (Shebin El- Kom, El- Bagour, Quisna, Berkat Al- Sabie and El-
Sadat Districts).

Isolation and purification of Pepper fruit rot causal organisms:

Isolation of the causal organisms and the associated fungi was done from
the diseased samples that collected from the above mentioned locations. The
infected fruits were cut into small pieces, washed thoroughly with running
tap water to remove any adhering soil particles, surface sterilized by
immersing it in 0.25% sodium hypochlorite solution for 4 min., followed by
70% ethanol for 2 min. The samples pieces were then washed several times
in sterilized distilled water and blotted between two sterilized filter papers.
The surface sterilized samples were than transferred onto PDA medium
containing penicillin (50 units/ml), 20 ppm tetramycin and 40 ppm
streptomycin sulphate to avoid the bacterial contamination. The inoculated
plates were then incubated at 25°C for 3-7 days and examined daily for the
occurrence of fungal growth. For purification, the developed fungal colonies
were transferred to other Petri dishes contained the same medium and
incubated at 25°C for 7 day.

Isolation and identification of biological control agents from soil

and rhizosphere:
Soil and rhizosphere samples were taken from pepper fields by uprooting
the infected plants with great care to obtain most of the intact root system.
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The root system was shaken gently to get rid of most of the adhering soil
particles. Root system with the remaining adherent soil particles was
transferred to a wide mouth reagent bottle containing 99 ml sterile distilled
water (soil weight was 1g). The bottles were shaken thoroughly or
mechanically for 15 min, this gave an approximate dilution of less than 1/100,
the root system was then discarded and serial dilutions were made to study
the micro flora. Aliquots from these dilutions were inoculated on
Trichoderma Selective Medium (TSM). The inoculated Petri dishes were
incubated at 28°C and dally checked for the developing fungal colonies. The
developed colonies were marked and transferred onto PDA slants. Moreover,
Baciiius subliiis strain previousiy isolated from soil and ideniifled In {Lab of
Bacteria and Viruses, NCRRT) was used as the bacteriai biological control
agent.

Biological control:

Eight isolates of Trichoderma spp. [T. harzlanum (5 isolates), T. hamatum
{2 isolates) and T. viride (1 isolate] and one isolate of Bacillus sublilis were
utilized as biological control agents, in dual cultures, against seven isolates
of pepper fruit rot pathogenic fungi, namely, Fusarium oxysporum (2
isolates) and F. semitectum, Alternaria alternata, Alternaria citri, Aspergillus
niger and Aspergillus flavus (one isclate of each), under laboratory
conditions.

Petri dishes (90 mm in diameter) each contained 15 ml! of PDA medium
were used to detect the antagonistic effect between the above mentioned
biological control agents and the pathogenic fungal isolates. Different plates
were inoculated with 0.5 cm in diameter disks of each fruit rot pathogen
isolate obtained from the periphery of 4 days oid cultures. Each pathogenic
fungus was inoculated at one side of the plate and the opposite side was
inoculated with either disk of 0.5 cm in diameter, obtained from 3 days old
culture of each biologicai agent {or with loop of bacterial growth cells in line
form 3 days old bacterial culture). Four plates were used for each particular
treatment as replicates. The plates inoculated with the pathogenic fungus
only were served as a control treatment as replicates. The inoculated plates
were incubated at 25°C, when the mycelial growth covered the entire medium
in control treatment; all the plates were then examined for antagonism, hyper
parasitism, growth reduction and/or inhibition zone and over growth. Growth
reduction was determined by measuring the radial growth of the pathogens
was recorded by estimating the mean of colony diameter (mm) as well as the
percentage of growth reduction that pooled out using the following formula:

Reduction (%) = Control - Treatment x 100
Control
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The width of the inhibition zone between the two colonies was recorded in
all treatments. The percentage of inhibition of radial growth of the pathogenic
fungal isolates was calculated by comparing radial growth of the colony
directly opposite to the bioagent colony with the radial growth of the part of
the colony not adjacent to the bioagent (Zhou and Reeleder, 1890).

Biological control under green house conditions:

- The effect of Trichodermia spp. on artificial infection using two isolates of
F. oxysporum, and one isolate of each of F. semitectum, AR alternata, Alt.
citri, Asp. niger and Asp. flavus were tested by inoculating of 6 mm in
diameter disks taken from ths growing cdges of one week-old cultures in the
center of pepper fruits, of genotype Geadon. Infected pepper fruits
(wounded, unwound and neck infectad) were sprayed by Trichoderma spores
and mycelial suspension. Then surface was sterilized and inoculated with
agar discs (4 mm in diameter) from culture of each of the selected
pathogenic fungi grown on PDA medium (7days old) at the base of the fruit
individually. Four replicates, 14 fruits of each, were used for each treatment.
Each replicate was covered with stratch film in foam plate 5x 15x 25 cm. The
inoculated fruits were incubated at room temperature at about 22- 25°C. The
control treatment was surface sprayed with distilled water and infected with
the fungal pathogens. Percentages and disease index of rotted fruits were
recorded, 5 days after inoculation.

Effect of Gamma irradiation of biological agents on their

antagonistic activity:

The most potent bioagents were selected and irradiated to study the effect
of radiation on the antagonistic activity against the pathogenic fungi causing
pepper fruit rot under laboratory conditions as follows:

I- T. hamatum and T. virlde were prepared by culturing on PDA medium at
28°C for 7 days then exposed to doses of y-radiation of 0.2, 0.6 and 0.8
kGy.

Hi- B. subtilis strain was prepared by culturing in TGY medium at 32 °C for 24
h. and exposed to y-radiation at doses of 0.5, 1.0, and 1.5 kGy.

Petri dishes (90 mm in diameter) each contained 15 ml of PDA medium
were used to detect the antagonistic effect between the above mentioned
biological agents and pathogenic fungal isolates. Different plates were
inoculated with 0.5 cm in dlameter disks from each of F. oxysporum {two
isolates) and F. semitectum, Alt. alternata, Alt. citrl, Asp. niger and Asp.
flavus (one isolate from each) were obtained from the periphery of 7 days old
cultures.

Each pathogenic fungus was inoculated at one side of the plate and the
opposite side was inoculated with either disks of 0.5 cm in diameter, of each
fungal biological agent, obtained from 7 days old culture, or with a loopful of

2037



Shaimaa, M. Fahmy, et al.

bacterial growth in line from 3 days old bacterial culture. Eight plates were
used for each particular treatment (two plates for each of the three doses of
y- radiation and two plates for non irradiated bioagents). Non irradiated
plates were served as the control treatment. The inoculated plates were
incubated at 28°C. When mycelial growth covered the entire medium in the
control treatment, all the plates were then examined for growth.

Application of irradiated bioagents on pepper fruits under

laboratory conditions.

The effect of irradiated and non irradiated bioagents on artifictal infection
using two isolates of F. oxysporum and one isolate from each of F.
semitectum, Alt. alfternata, AR. citrl, Asp. niger and Asp. flavus were tested by
placing 6 mm diameter disks taken from the growing edges of 2-week-old
culture in the center of fruits.

T. hamatum, Tvirlde and E. subtilis exposed to selected dose of y-
radiation namely, 0.2 kGy for Trichoderma sp. and 1.0 kGy for B. subtilis were
sprayed under aseptic conditions on fresh fruits of Geadon genotype. Three
replicates, 14 fruits of each, were used for each treatment; each replicate was
covered with stretch film in foam plate 5x 15x 25 ¢cm. The sprayed fruits were
classified into 3 groups, one was infected upon the surface, the second was
wounded infected and the third was infected by neck infection, each of the
_ infected fruits were left at room temperature at about 22- 25°C for 7 days, and
. examined for fruit rot disease symptoms. The control treatment (the same
types of pepper fruits sprayed with non irradiated Trichoderma sp. and B.
subtilis) were examined for fruit rot symptoms as shown above.

RESULTS AND DISCUSSION

Biological control of soil borne pathogens comprises the decrease of
inoculum or of the disease producing activity of a pathogen through one or
more mechanisms. Interest in biological control of soil borne plant
pathogens has increased considerably in the last few decades, because it
may provide control of diseases that cannot or only partly be managed by
other control strategies. Recent advances in microbial and molecular
techniques have significantly contributed to new insights in underlying
mechanisms by which introduced bacteria function (Choudhary and Johri,
2009).

In this study, seven isolates were selected as the most virulent from 370
fungal isolates isolated in pure cultures in 2005 and 2006 seasons from
materials collected from different pepper growing areas in Minufiya
governorate.
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Data Iin Table (1) showed that with F. oxysporum Isclate one, the highest
linear growth {mm) was recorded by T. viridl while the least one (the best
control) was recorded with B. subtiiis (20 mm)}, The highest pathogen growth
reduction was recorded by B. subtilis whereas the least one was recorded by
T. harzianum {Th4). T. harzianum (Th5), T. hamatum (Tm1 and Tm2) and B.
subtilis recorded inhibition zone with F. oxysporum isolate one. The rest
fungal biocontrol agents were grown over pathogen mycelia growth. The
most over growth was recorded with T, harzianum (Th4) followed by T viridi
and (Th2}, while the least one was happened with (Thd).

Table (1): Effect of some bioagents on growth of Fusarium spp., the causal
organism of fruit rot disease of pepper fruits under laboratory

conditions.
;ungus F. o m-1 E. oxys| -2 F. semHectum
loageants L .G inh, L. 0.6 Inh. L. 0.6 | Inh.
g G. red Zone g G. red zane v G.red zone
T harzianum | 1 | 32.0 | 648 | 335 | — | 410 | 683 | 36 — | 440 | 500 | — | 216
2 350 | 566 | 4.25 -_— 35.0 58.4 - 2.47 | 38, 81.0 — 483
3 300 | 588 | 400 —_ 380 | 68.7 2.93 — 28, B5.2 — 1.03
4 [450 | 478 | 450 | — | 430 | 556 | 363 | — | 270 | 80.7 | — | 243
5 350 | 593 -_ 350 | 440 | 546 3.81 — 8. 71.3 — 1.33
T, hamatum 1 | 420 | 558 | — | 3.80 | 45.0 | 524 | — | 2.31 | 460 | 527 L — | 487
2 37.0 | 504 — 410 | 20 | B0d -—. [ 410 | 43, 573 - —
T. viride 1 | 450 {4700 | 420 | — | 250 | 75.0 | — | 28 | 340 | 602 | — | 253
B. subtilis 200 [ 77.78 — 1.05 | 200 | T20 — 113 | 400 | 5558 — 1.20
Control 90.0 0.0 ] 90.0 :
Fungi Alternaria aiternata Alternaria citri
Lg G. [+ Nc] Inh. L.g G. 0.6 Inh.
red zone red zone
T. haraignum 1 28.0 £0.0 1.54 - 40.0 62.5 —_ 1.97
2 2r.0 61.0 — —_— 33.0 65.6 —_ 0.82
3 29.0 80.0 2.05 — 50.0 56.4 —_ 0.93
4 38.0 53.3 — —_— 30.0 76.2 — 0.91
5 40.0 50.0 2.18 -_ 40.0 625 —_ 1.55
T. hamatum 1 36.0 51.7 0.63 —_ 43.0 60.0 — 0.8
| 2 25.0 82.0 217 — 20.0 82.5 —_— —
T. viride 1 19.0 69.3 2.14 — 28.0 71.3 — 1.13
B. subtilis 10.0 88.9 _— 1.9 53.0 52.2 —— 1.4
Control 80.0 90.0
Fungus Aspergitlus niger Mpggﬂim flavus
Lg G. 0.6 Inh. L.g 0.G Inh.
rod Zone red zohe
T. haraianum 1 38.0 58.3 — —_— 30.0 56.0 -_ -
2 420 | -55.6 — 0.6 43.0 50.8 —_ _—
3 375 47.3 — — 38.0 46.7 — 0.7
4 43.0 58.0 — —_ 43.0 407 — 0.5
5 38.0 £6.0 e 0.76 41.0 46.9 —— -
1 38.0 £8.2 — 0.77 378 50.0 e o
T. hamatum 2 32.0 58.8 — 0.8 18.0 76.0 — -
T. viride 1 27.5 62.8 —_ — 22.5 66.7 —_— 0.8
B. subtills 20.0 | 66.67 — 1.02 15.0 83.33 _— 1.3
Control 90.0 90.0

L. g: linear growth {mm) G. red: growth reduction (%), O. g: over growth {cm), inh. zone:
inhibition zone (cm),
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F. oxysporum isolate two was affected by different biocontrol agents. The
highest linear growth was recorded by (ThS) while the lowest linear growth
{Tm1). The highest fungal growth reduction was recorded by (Tm2). Whereas
the lowest fungal growth reduction was recoded by (Tm1).. The highest
inhibition zone diameter was recorded by Tm2 (4.1cm), while the lowest
inhibition zone diameter was recorded by B. subtilis (1.13cm), the rest fungal
biocontrol agents were grown over pathogen myceiia growth. The most over
growth was recorded with (Th5), while the least one was happened with
(Th3).

in the case of F. semitectum, the highest linear growth of pathogen
noticed by Tm1. The lowest linear growth of the pathogen was recorded by
Th3. The highest fungal growth reduction was recorded by Th3 (85%). The
Jjowest growth reduction was recorded with (Th1) {50%]}. No one of biocontroi
agents were grown over pathogen mycelia growth. 7. hamatum (Tm2) was
contacted with the pathogen mycelia growth only; over growth and/or
inhibition zone absent, while the rest fungal biocontrol agents gave inhibition
Zone. The most inhibition zone recorded by T. viride (2.5cm), whereas the
lowest inhibition zone recorded by (Tm3) {1.03cm).

Biocontrol agents achieve a better disease control via a microbial
antagonism, which Iimplies a direct interaction with the causal agent of
disease and/or an indirect action involving the host (Benhamou et al., 2002).
The direct effect is usually a result of an antagonism between the biocontrol
agent and the pathogen due to antibiosis or nutrient competition and/or
parasitism, whereas the indirect interaction results from the enhancement of
the plant defense mechanisms against the invading pathogen (Cherif et al,
2002; Getha and Vikineswary, 2002). Assoclation of both effects can be
noticeable using some biocontrol agents {(Benhamou et al., 2002).

Trichoderma spp. have been developed into several commercial biological
control products and are used in field crop and greenhouse systems
(Harman, 2000). Rojo et al {2007) found that Trichoderma species were
effective in controlling F. sofani, the causal pathogen of peanut brown rot
root, in both naturally Infested and artificially contaminated fields. Among the
Trichoderma species evaluated T. harzianum was the most effective
biocontrol agent.

It was also showed that linear growth of Alt. alternata was affected also by
growing against biocontrol agents in dual culture. The highest linear growth
was recorded by {Th5) (40mm). The lowest linear growth was recorded by B.
subtilis {10.0 mm). The highest pathogen growth reduction was observed by
B. subtilis (88.89%), whereas the lowest growth reduction was happened with
ThS. All biocontrol agents gave inhibition zone except Th2 and Th4, B.
subtilis was grown over pathogen mycelia growth (1.9cm). Th2 and Th4 were
contacted with the pathogen mycelia growth only; over growth andior
inhibition zone absent. The most over growth was recorded with ({Th5)
(2.18cmy}, while the least one was happened with (Tm1) (0.63¢m).
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A. citrl was affected by different blocontrol agents. The highest linear
growth was recorded by B. subtilis, while the lowest linear growth Tm2. The
highest fungal growth reduction was recorded by Tm2, whereas the lowest
fungal growth reduction was recoded by B. subtilis (52.2%). {Tm1) was
contacted with the pathogen mycelia growth only, over growth andior
inhibition zone absent. The most inhibition zone recorded by Th1 (1.97cm),
while the lowest inhibition zone recorded by Tm1 and Th2 {0.82cm).

Asp. niger and Asp. flavus were roacted with biological agents with the
same rate. The highest linear growth of pathogen noticed by Th4 against
both isolates (43 and 48 mm, respectively). The lowest linear growth of the
pathogen was recorded by B. subtilis (20 and 15 mm, respectively). The
highest fungal growth reduction was recorded by B. subtilis {66.67 and
83.33% respectively). The lowest growth reduction was recorded with (Th3)
(47.3%) with Asp. niger and Th4 (40.7%) with Asp. flavus.

Th1, Th3, Th4 and T. viridi were contacted with the pathogen fungal
growth (Asp. niger). Th1, Th2, Th5, Tm1 and Tm2 were contacted with the
pathogen fungal growth {Asp. flavus). No one of biocontrol agents were
grown over pathogen mycelia growth with both isolates. The most inhibition
zone recorded by B. subtilis {1.02 and 1.3mm respectively), whereas the
lowest inhibition zone in isolate Asp. niger recorded by Th2 while in isolate
Asp. flavus recorded by Thd.

In this study B. subtilis was found to be more effective as a biocontrol
agent and this may be due to its ability to form endospores, and because of
the broad- spectrum activity of its antibiotics.

Bacillus species are well known for their ability to control plant diseases
through various mechanisms, including the production of secondary
metabolites. B. subtilis an antagonist of Fusarium graminearum, and other
Bacillus spp. that are antagonists of common fungal pathogens of canola
were screened for peptide synthetase biosynthetic genes of fengycin and
bacillomycin D {(Ramarathnam ef al., 2007).

Chung et al., (2008) demonstrated that B. subtilis suppressed the growth
of 39 out of 42 plant pathogens tested. The strain also suppressed the
disease caused by F. oxysporum on cucumber and Phytophthora capsici on
pepper in pot assays.

Cazorla et al., (2007) observed that B. subtilis strains isolated from healthy
avocado rhizoplantes have shown diverse antagonistic activities and
promising biocontrol ahilities, which are closely linked with the production of
antifungal lipopeptides and good colonization aptitudes,

Pepper fruits genotype ie., Geadon (the highest susceptible) wounded,
unwounded and neck infection were sprayed with the biological control
agents; five species of T. harzianum, two species of 7. hamatum, one strain
of all from T. viride and B. subtilis. Discs of infected species i.e., two isolates
of F. oxysporum, one isolate of each of F. semitectum, Alt. alternata, A. citri,
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Asp.niger and Asp. flavus were spoted on the sprayed pepper fruits and left
for fifteen days.

The infected area was measured in mm. The results represented in Table
{2) showed that the most smelter infected area was found when using B.
subtilis strain as a biological control agent followed by T. viride and T.
hamatum isolate {2) while the five species of T, harzianum and T. hamatum
isolate(1) have no apparent effect compared with B. subtilis, T. viride and T.
hamatum isolate (2).

It was noticed from data in Table (2) that the infected area ranged from
10.8 to 18.5 mm with B. subtilis, T. viride and T. hamatum isolate (2), while
the infected area measured 20.1 up to 76.8 min with other the bioagents.

Table {2): Biological control of some bioagents on pepper fruit rot infection
under laboratory conditions using seven causal organisms.

tsofats Traatment T. harzianum T. hamatum 7. B.
p 3 3 2 5 1 2 viride sublilis

F. oxysporum 1 W 40.4 521 38.5 531 547 4.3 17.3 14.9 138
Un n2s 4.2 420 425 65.3 825 13.9 15.1 11.8

NI 20.1 42.1 325 46.2 57.6 431.5 134 12.5 114

F. oxysporum 2 w 324 325 621 513 42.5 4 159 135 146
Un a4 425 583 423 536 8.7 123 11.8 116

Nl 41.1 23.4 426 38 $9.3 294 133 12.2 19.0

F. semitectum w 37.¢ 53.4 41.3 s 398 488 126 117 11.4
un 45.8 51.2 832 38.5 375 385 17.0 11.3 1.8

NI 371 486.2 4311 41.2 40.1 35.1 8.7 13.5 126

A alternats w 45.2 56.2 43.5 70.2 59.4 £5.3 1541 10.9 128
n 325 56.4 64.2 526 57.3 37.6 11.8 121 10.8

NI 38 46.7 325 5.5 423 38.3 121 11.9 12.5

A, cilri w 291 534 435 425 &1.7 29.5 12.8 11.2 11.9
Une 3T 38.7 720 573 43.3 378 126 13.2 1.0

Nl 40.1 46.5 43.2 1.2 41.2 kL) 123 154 119

Asp, niger w 425 78.8 53.2 70.6 621 41.2 1 121 12.2
un 754 48.7 43.8 T 436 5.6 11.2 11.8 12.0

NI 324 467 7.9 43.3 35.9 423 154 13.1 116

Asp. flavus w 4.6 389 54.2 532 0.3 38.2 16.3 18.5 17.%
tUn 32 534 5.3 434 39.5 s 1227 1.8 121

Ni 348 356 51.6 ’_45.1 36,9 28.6 171 _L .1 1.6

W: Wounded, Un: Unwounded, NI: Nick infection

To augment the antagonistic activity of biocontrol agents against the
pathegenic fungi causing fruit rot of pepper, the biocontrol agents were
exposed to low dose of g- radiation. Two isolates of Trichoderma spp. i.e.
Trichoderma hamatum (Tm2) and Trichoderma viridi were irradiated at doses
of 0.2, 0.4 and 0.6 kGy and one isolate from Bacillus subtilis was irradiated at
doses of 0.5, 1.0 and 1.5 kGy, the irradiated bioagents were used for
determination the antagonistic activities against fungal pathogens in dual
culture laboratory conditions, non irradiated bioagents were used as control,
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Compared to the control {(non irradiated) biocontrol agents namely, T.
hamatum (Tm2) and T. viridi, the imadiated straing at 0.2 kGy (Table 3)
showed a significant inhibition to all the fungi causing pepper rot, while the
biocontrol agents exposed to does higher than 0.2 kGy (0.4 or 0.6 kGy ) have
no effect on the growth of causal agents. In the same time, the irradiated B.
subtilis, has significant inhibition of the causal agents when exposed to
doses of 0.5 and 1kGy, which shown the higher inhibition of growth causal
agents compared to the control (non irradiated) while B. subtilis exposed to
1.5 KGy has no effect on the growth of causal agents.

Pepper fruits genotype i.e. Geadon (the highest susceptible) wounded,
unwounded and neck infected were sprayed with the biological control
agents i.e. B. subtilis, T. virlde and T. hamatum (non irradiated and
irradiated}. Discs of infected species i.e. two isolates of F. oxysporum, one
isolate of each of F, semitectum, Alt.alternata, A. citri, Asp. niger and Asp.
flavus were spotted on the sprayed pepper fruits and left for 15 days. The
infected area measured in cm.

B. subtilis species was irradiated at 1 kGy while T, viride and 7. hamatum
were irradiated at 0.2 kGy and examined as biological control for the
infection caused by seven species, non irradlated specles were used as
control,

Table (3): Effect of biocontrol agents exposed to different doses {in kGy) of
v-radiation on the growth of fungi causing pepper fruit rot under

laboratory conditions.
Isolate T. hamatum 2 T. viride B. subtilis
02 | 04 | 06 | C 102 |04 [ 06 | & [05] 1.0 15
F oxysporumi | 30 | 08 | 30 | 30 | 35 | 20 | 30135 | 5 | 30| 15 | 30

F. oxysporum 2 4.5 1.5 3.0 A5 16 | 05 ( 15 | 45| 48 | 25 | 13 | 35

F. semitectum 3.3 0.5 25 25 |15 |07 | 20 | 20 | 40 [ 3.5 [ 1.0 | 45
A. alternata 20 0.5 20 25 20 (05 ] 15 | 15 | 50 | 1.0 | 05 | 45
A citri 1.0 0.2 13 1.3 13} 05 ] 15 [ 1.5 | 49 | 40 | 3.0 | 50
Asp. niger 25 1.6 3.0 25 13 |05} 15 (156 | 38 | 20 | 05 | 17
Asp. flavus 1.5 0.5 1.5 1.5 20 | 10 ] 20 ) 25 | 47 [ 14 ) 06 | 15

C: control, 0.2, 0.4, 0.6, 0.5, 1.0&1.5: doses of y-radiation.

Data in Table (4) showed that B. subiilis irradiated at 1 kGy has the
highest effect compared to the non irradiated species espacially with the
unwounded fruit. The infected area measured between 10.87-19.0 cm when
the non irradiated B. subtilis was used, while the infected area ranged from
0.13 to 1.17cm when irradiated B. subtilis was used. Also it was noticed that
there was no detected infection of any of the infectious agents.
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In case of using Trichoderma spp., it was noticed that the irradiated T.
viride and T. hamatum have the highest effect on the growth of infections
species compared to the non irradiated specles. 7. viride the infected area
ranged from 109 to 185 cm with the non irradiated species, while the
infected area measured between 0.03- 1.47cm with irradiated species. On
using T. hamatum the infected area measured between 11.2-17.3 W|th hon
irradiated species and 0.1-1.4 cm with the irradiated species.

These results indicated that the increase in the antagnestic activity of
irradiated B. subltilis or Trichoderma species may be due to the increase in
the production of secondary metabolites responsibie for the antifungal
activity

Table (4): Effects of y-irradiation on three bioagents in relation to pepper fruit
rot infection causing by seven causal organisms.

Isolate Isoiate Y, hamatum T. viride B. subtilis
) w Un NI w Un NI w Un

F. oxysporum 1 Non 173 139 1343 149 1547 12.57 138 11.9 11 4
It 0.2 0.13 0.2 0.37 0.0 057 093 a0 0.33

F. oxysporum 2 Non 131 1.2 1333 124 11.87 12.23 12.23 12.0 19.0
Irr 0.1 21 0.17 0.23 0.0 043 03 0.0 1.06

F. semitectum Non 12.8 12.6 18.77 11.2 13.2 135 1.9 11.03 12.53
r 14 0.3 0.27 147 0.2 041 023 0.03 0.37

A. alternata Non 15.1 118 121 10.9 1217 .97 12.53 10.87 12.67
Irr 0.2 017 033 0.3 0.3 0.77 0.2 0.0 0.17

A, chtr Non 128 17 123 1.7 11.3 15.43 11.43 1.8 11.93
Irr 09 087 027 013 013 0.23 0.33 02 0.13

Asp. niger Non 15.8 123 15.47 13.5 118 13.1 148 1.8 1163
I 0.1 0.37 02 037 0.23 013 1.17 017 0.3

Asp, flavus HNon 163 127 1717 18.5 11.8 11.147 1713 1217 116
i 0.1 0.3 017 033 0.33 0.03 0.77 0.3 0.7

W: Wounded, Un: Unwounded, NI: Nick infection, Non: non irradiated, irr: irradiated

In conclusion, this study has investigated the selection of a set of
microorganisms that can act as antagonists against pepper fruit rot
pathogens based on their ability to inhibit more or less strongly their
mycelial growth and/or sporulation. Among the in vitro selected antagonists,
one isolate of B. subtilis, and 5 isolates of Trichoderma have also the ability
to induce defense reactions of pepper without causing any seedlings
mortality.

REFERENCES

Benhamou, N., C. Garand and A. Goulet {(2002). Ability of nonpathogenic
Fusarium oxysporum strain F047 to induce resistance against Pythium
ultimum infection in cucumber. Appl. Environ. Microbiol.; 68; 4044- 4060.

Bosland, P. W. and E. J. Votava (2000). Pepper: vegetable and spices
capsicums. New york, USA: CABI Publishing 204 p.

Cazoria F. M., D. Romero, A. Garcia, B. J. Lugtenberg, A. Vicente and G.
Bioemberg (2007). Isolation and characterization of antagonistic Bacillus
subtilis strains trom the avocado rhizoplane displaying biocontrol activity.
J Appl. Microbiol.103: 1950-. 9,

2044



Augmentation of antagonistic effect of some bloagents against ......

Cherif, M., N. Sadfi, N. Benhamou, A. Boudabbous, A. Boubaker, M. R.
Hajlaoui and Y. Tirilly (2002). Ultrastructure and cytochemistry of in vitro
interactions of the antagonistic bacterla Baclllus cereus X16 and B.
thuringiensis 55T with Fusarium roseum var. sambucinum. J. Plant
Pathol.; 84: 83-93.

Choudhary, D. K. and B. N. Johri (2009). Interactions of Bacillus spp. and
plants-with special reference to induced systemic resistance (ISR).
Microbiol Res.; 164: 493- 513.

Chung, 8., H, Kong, J.S. Buyer, D.K. Lakshman, J. Lydon, $.D. Kim and D.P.
Roberts (2008). Isolation and partial characterization of Baciilus subtilis
ME488 for suppression of soil bome pathogens of cucumber and pepper.
Appl Microbiol Biotechnol. Aug; 80: 115- 23.

Droby, S. (2006). Improving quality and safety of fresh fruit and vegetables
after harvest by the use of biocontrol agents and natural materials. Acta
Horticulturae, 709; 45-51.

Getha, K. and S. Vikineswary (2002). Antagonistic effects of Sfrepfomyces
violaceusniger strain G10 on Fusarfum oxysporum f. sp. cubense race 4:
indirect evidence for the role of antibiosis in the antagonistic process. J.
Ind. Microbiol. Biotechnol. 28: 303-310.

Harman, G. E. (2000). Myths and dogmas of biocontrol: changes in
perceptions derived from research on Trichoderma harzianum T-22. Plant
Dis. 84: 377 393.

Korsten, L. (2008). Advances in control of postharvest diseases in tropical
fresh produce. Intemational Joumal of Postharvest Technology and
innovation 1: 48-61.

Kurup, V. P. (2003). Fungal allergens. Curr. Allergy Asthma Rep.; 3; 416— 423.

Mari, M., F. Neri and P. Bertolini {2007). Novel Approaches to Prevent and
Control Postharvest Diseases of Fruit. Stewart Postharvest Review, 3(6):
Article 4. Stewart Postharvest Solutions Ltd., London, UK.

Monso, E. (2004). Occupational asthma in greenhouse workers. Curr. Opin.
Pulm. Med. 10: 147- 150.

Ramarathnam, R., S. Bo, Y. Chen, W. G. Fernando, G. Xuewen and T. de
Kievit (2007). Molecular and biochemical detection of fengycin- and
bacillomycin D-producing Bacillus spp., antagonistic to fungal pathogens
of canola and wheat. Can. J. Microbiol. 53: 901-11,

Rojo, F. G., M. R. Maria, F. Marcela, N. C. Sofia, M. T. Adriana, R, B.
Ramarathnam, Y. Chen, W. G. Fernando, G. Xuewen and T. de Kievit
(2007). Biological control by Trichoderma species of Fusarium Ssolani
causing peanut brown root rot under field conditions. Crop Protection; 26:
549-555.

Sharmma R. R,, D. Singh, R. Singh, R. R. Sharma, D. Singh and R. Singh (2009).
Biological control of postharvest diseases of fruits and vegetables by
microbial antagonists, Biological Control; 50: 205 221

2045



Shaimaa, M. Fahmy, et al.

Singh, D. and R.R. Sharma (2007). Postharvest diseases of fruit and
vegetables and their management. In: Prasad, D. (Ed.), Sustainable Pest
Management. Daya Publishing House, New Delhi, India.

Tournas, V. H. and M. E. Stack (2001). Production of alternariol and alternariol
methyl ether by AMlernaria alternata grown on fruits at various
temperatures. J. Food Prot. 64: 528— 532.

Zhou, T. and R.T. Reeleder {1990). Selection of strains of Epicoccum
purpurascens and improved biocontrol of Sclerotinia sclerotiurum. Can. J.
Microbiol., 36: 754- 759.

Zhu, 8. J. (20086). Non-chemical approaches to decay controi in postharvest
fruit. In: Noureddine, B., Norio, 8. (Eds.), Advances in Postharvest
Technologies for Horticultural Crops. Research Signpost, Trivandrum,
india; 297- 313

2046



Augmentation of antagonistic effect of some bioagents against ......

Appaall by shil) s @l g el et A gl saad) A gliall 3345
Laly dach pladiuly JAAY jLa il

—TAl G apall TG sal daaa - pagh daaa slapd
" Ay G padal e — k) il £ sdaa dana alish

A A0 A B Ata L pladll Lo gleiSy Gigagd il a0 g g Seadl aud
3 _aldl

il padld

SpaS Audjan 56 dapa gai o A gl gl Laglia) 205 L ja Sl VA o
G IR 5 LA (o SA3E Ll igdl Ga N B ¥, MEIS CulS g SEEY L el
pililas (pabsaalyll (i (34 W3 Lot gS )T uin (a SH P A pladlad o L pudia sl
i Gl Apaall dds paal) k) gall Sdaal S jad 03¢ din gl gyl Aagliial) il
cApliadl g dslenall Cig B0 A JiNN

Gdlh et (pa Al g jrall g s padl) iy il A gl gl Aa glial) upilin Ciariiand B
% gl I FA) g pail b 4 uplie A duhplad Asias b el ciely Lbuaas
Aihiay sl (uubaday O padd Shill o a8 i 0 Lygad dagliel ulia o
S b o Loy 0K T g TLald Loy g8y sl 5 (pudilen psdpcalal) G 39 Casan Bag Y
coulecilal Aw g 23 o) S 399 A padl) iy el gai UL Ap Sal (s s
@ Al el Aadt G 150 088 0 Y Aol Lo sl Al stop SUS Y A5 al
fama Aille B ) gty s paal) Chag Spal gad 2 DL o3gd slaall JaLlIN Balij Y
o3 il (g gall Sl QRS Bl oDy J RSN 4 fia

2047





