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ABSTRACT

Several fungal species belong to different genera were isolated from
naturally infected tomato and pepper fruits collected from different local markets
at El-Sharkia governorate. Among them Alternaria alternata (Fr.) Keissler was
the most isclated one, therefore A. alternata was chosen for the further studies.
Data indicated that, wounded tomato and pepper fruits at red stage were most
susceptible than tomato at light red stage or pepper at mature green stage than
unwounded ones. Tomato cv. orit and pepper cv. baladi fruits, at both tested
~ stages were highly susceptible to be infected with 4. alternate than tomato cv. Gs
and pepper cv. California wonder.

In vitro study, revealed that, tested essential oils (craway oil followed by
garlic) detergents (citrol and rabso) and tested bio-agents bacteria (Bacillus
subtilis and Psudomonas fluorescensy and or fungi (Trichoderma harzianum and
T. viride) were effective in inhibiting mycelial growth of A. alternata. The effect
of oils and detergents was increased by increasing the concentrations compared to
the control and tested fungicides. Detergents used completely inhibited the
growth of the fungus compared to the fungicides. Scanning electron microscope
(SEM) revealed that, Trichoderma spp. act as mycoparasite on mycelial of 4.
alternata.

In vitro treatment, testing bio-agent isolates revealed significant decrease
in the percentage of infection and diameter of infected area when used
immediately after inoculation. Caraway and garlic oils effectively reduced decay
in tomato and pepper {ruits caused by A. alternata. Washing water contain
industrial detergent (citrol) reduced decay of naturally infected tomato and pepper
Truits. In addition dipping of A. alternata inoculated tomato and pepper fruits in
water contain <itrol reduced the percentage of infection and diameter of infected
area compared to untreated fruiis.

Key words: Tomato, pepper, fruit rots, Alternaria spp. Bio-agents, plant oils,
detergents.
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INTRODUCTION

Decay of tomato (Lycopersicon esculentum Mill.) and pepper (Capsicum
annuum L) fruits during storage, wholesale, retail markets and through
consumption are mainly caused by different pathogenic fungi, i.e. Alternaria
alternata, 4. solani, Alternaria spp., Botrytis cinerea, Fusarivm solani, Rhizopus
stolonifer, Geotrichum candidum, FPenicillium spp., Phytophthore infestans and
Aspergillus spp. (Ragab Mona ef al., 2001; El-Essaway ef al., 2003). Resistance
and susceptibility of tomato and pepper fruits to infect with pathogenic fungi are
depends on: vanety (Aly et al, 1993), mature stage of fruits (Wall and Biles,
1993 and El-Essawy ef al., 2003), presence of wounds (Wall and Biles, 1993 and
El-Essawy, et al., 2003) and infection with insects (Bruton, et al. 1989).

Biological control of post-harvest diseases of fruits has greatly advanced
during the past decade regarding human health and environmental risks
associated with chemical residues in food that has been the main riving force of
the search from new and safer control methods (Droby et al., 1998).

Among the proposed alternatives, the use of naturally occurring
antagonistic microorganisms has been the most extensively studied one. Some of
these microorganisms has been patented and commercially produced (Abadias ef
al., 2003). Several fungi and bacteria have been reported to have antagonistic
effect against post-harvest pathogens on a variety of harvested commodities
(Chand-Goyal and Spotts 1997, El-Ghaouth er al., 1998, Singh, et al, 2000,
Sivakumar ef al., 2000; Jiang et al., 2001; and El-Essaway et a!., 2003).

Moreover, there is an increasing demand among consumers and
regulatory agencies about the health hazards of chemical residues (Beever et al.,
1989). Therefore, alternative control methods for post-harvest diseases are
needed. During the recent years, the search of various naturally occurring
compounds with antimicrobial activity has become quite intense. Various plant
essential oils have been found to possess various degrees of antimicrobial activity
against various plant pathogenic fungi (Srivastova ef al., 1993, Nath, ef al., 1994
and Ragab Moaa et al., 2001). '

In addition, the anti-fungal activity of Litsea cubeba oil against several
pathogens confirmed by Gegoi et al. 1997, Lemon grass oil was tested as anti-
fungal against several plant pathogenic fungi, i.e. 4. alternata, Botrytis cinerea,
Aspergillus spp., Rhizopus spp, F. solani, Penicillium spp. (Inouye et al., 1998
and Ragab Mona ef af., 2001).

The aim of this study is to investigate the role of tomato and pepper cvs.,
mature stage, wounds, biological control agents, plant oils and industrial
detergents on the growth and infection decay with 4. alternata the causal
pathogen of tomatc and pepper fruit rots.
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MATERIALS AND METHODS

1- Isolation, and inoculum preparation of the pathogenic fungi:

Rotted tomato and pepper fruits collected from different local markets in
Abou-Hammad and Zagazig provinces, El-Sharkia governorate, as well as from
field growing tomatoes. Collected fruits were surface sterilized and cut into small
pieces then rransferred to water agar medium in 9 cm Petri dishes and incubated
at 27+ 2°C and observed daily. Colonies of developed fungi, were picked-up and
transferred to potato dextrose agar (PDA) medium. The isolated fungi were
purified using single spore and/or hyphal tip technique as described by Brown
(1924} and Pathak (1984), then these isolates were identified according to the
description of Barmnett and Hunter (1998). The isolates were kept in the
refrigerator at 5 =+ 1°C as stock culture for the further studies. Inoculation of
tomato and pepper fruits were done using fungal suspension (spore and mycelial
fragments) obtained from 7days old culture of tested fungi grown on PDA
medium at 27 + 2°C in the dark/light conditions. Spore suspension was prepared
by adding 5 mi of sterile distilled water containing 0.03 % tween 80 per Petri dish
and gently scraping-off the spores using sterile spatula.

2. Bio-agent isolates:

The bic-agent isolates were obtained from Agncultural Botany and Plant
Pathology Department, Faculty of Agriculture, Zagazig University. The bacterial
isolates (Baciilus subtilis and Psudomonas fluorescens) were grown in nutrient
agar and /or King's B medium (King ef al, 1954} in Petri dish. While, the
Trichoderma harzianum and Trichoderm viride isolates were grown on PDA and
or glitoxin fermentation medium (Brain and Hemning, 1945).

3-Pathogenicity test:

The most isolated fungus was identified as A. alternata (Fr.) Keissler.
It's pathogenic capabilities was tested on healthy tomato cv. orit and pepper cv.
baladi fruits. Tomato and pepper fruits immediately transported from field to
Laboratory of Plant Pathology. Faculty of Agriculture, Zagazig University. The
selected healthy appearance fruits, were uniform in size and color as well as free
from microbial infection and physical damage. Selected fruits were washed with
tap water and surface disinfested by immersion in 2 % sodium hypocholorite for 2
min, then rinsed with sterile water and dried using filter papers. Disks 4 mm in
diam of 7 days old culture 4. aiternata grown on PDA medium were transferred
into a smail jap (4 mim in diam.). In other treatment fruits were inoculated with
50ul fungal spore suspension into a small jap using micropipette. Three replicates
were used with ten fruits per each. The inoculated fruits were incubated
separately in sterilized boxes and kept at 27 + 2°C, then observed daily. The
percentage of infection and diameter of infected area were determined.

£-Reaction of some tomato and pepper cultivars at two ripening stages to
infection with Alternaria alfernata;
Tomato cvs. (orit and Gs) and pepper cvs., (baladi and California
wonder) at two ripening stages (light red and red stages of tomato as well as
mature green and red stages of pepper) were tested for their susceptibility to
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infect with 4. alfernata. Fruits were selected and inoculated with disks 4 mm in
diam as mentioned in pathogenicity test. Disease parameters was determined as
mentioned before.

5. In vifro experiments
5.1. Effect of the bio-agents isolates on mycelial growth of Alternaria
" alterngta;

The antagonistic interaction between different bacteria (B. subtilis and
Pseudomonas fluorescens) isolates on the mycelial growth of 4. alternata. were
‘tested under laboratory conditions. Petri dishes (9 cm in diameter) containing
PDA medium were inoculated in the center with a disk (5 mm&) taken from 7
days old culture of 4. alternata. Dishes -were inoculated with the bacterial
isolates, by streaking with a loop on the surface of the media beside the fungal
growth (at the distance of 1.5 cm from the edge of the dishes) with the aid of dual
culture method. However, in case of fungi (7. Aarzianum and T viride) isolates
dishes were inoculated with disks (5 mm) of the tested fungi at the distance of
L5 ¢m from the edge of the dishes. Dishes inoculated with A. alternata. alone
were used as a control. Three dishes were used for each treatment. Then dishes
were incubated at 27 + 2°C. When the dishes of the control were filled with the
mycelial growth of 4. alternata the mean diameter of the mycelial radical growth
in different treatments was measured. Percentage of growth reduction were
caiculated from the following formula (Gang et of, 1994).

The percentage of growth reduction = (1-T/C) x 100,
Whereas
T = mycelial growth in the treatment and C = mycelial growth in the control.

5.1.1. Scanning electron microscope (SEM):

The interaction zone between A. alternata and T, harzianum and T.
viride was checked using scanning electron microscope. Agar blocks with 3x7
mm {in dimension) of the interaction zone were cut out and fixed in 6% aqueous
glutaraldhyde over night at 4 °C, washed twice in 2-methoxy-ethanol for 20
minutes. Blocks were then washed twice in absolute acetone then dried in CO; in
a critical point drying apparatus, mounted on stubs with double sided sticking
tape and coated with gold in a polaron sputter coater (Harley and Fergusen,
1990). The specimens were examined and photographed through Jeol scanning
electron microscope (Fac. Agric, Ain Shams Univ.).

5.2, Effect of different plant oil concenirations on mycelial growth of
Alternaria alternata:

The crude oils were obtained from the local market. Different
concentrations (0, 1.25, 2.50 and 5 %) of the crude oil (caraway, garlic, aloe and
brassica) and or fungicides (benlate and zeinb) were directly added to PDA
medium, The oil concentrations were solubilized in the PDA medinm using 0.03
% tween 80. Twenty ml of the mixture (medium with the different oil
concentrations) were poured ino Petri dishes (9 cm in diameter). Dishes with the
same percent using tween 80 in sterile distilled water served as a control. Dishes
then inoculated at the center with a disk (5 mm@) taken from 7 days old culture
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of A. alternata. Dishes were incubated at 27 + 2°C. Three dishes were used for
each treatment. When the dishes of control were filled with the mycelial growth
of A. alternata the mean diameter of the mycelial radical growth in different
treatments was measured. The percentage of growth reduction was calculated as
mentioned before.

5.3. Effect of different concentrations of industrial detergents on mycelial
grovwth of Alternaria alternata;

Different concentrations (0, 1.25, 2.50 and 5 %} of industrial detergents
{citrol and rabso) were directly added 0 PDA medium. Twenty ml of the mixture
{medium with the different aforementioned concentrations) were poured into Petri
dishes (9 cm in diameter). Dishes with only sterile distilled water were used as a
control. Dishes were inoculated, incubated and results were taken as mentioned
before. Three dishes were used for each particular treatment.

6. In vivo experiments
6.1.Biological control of Affernaria alternata fruit rot of tomato and pepper:
Fruits of tomato cv. orit at light red stage and pepper fruit at mature
green and red stages, were selected and surface disinfested as mentioned before.
Selected fruits were divided into several groups. The first group was inoculated
with a mycelial disk of 4. alternata as mentioned before, the second group was
left without inoculation. The third group was inoculated, then was dipped for 5
min in prepared concentration of bio-agents (B. subfilis and P. fluorescens)
isolates at 10% cfu and both of 7. harzianum and T. viride at 10° cfu), control
treatment has been carried out using sterile water. Treatments were then
separately put in plastic boxes and incubated for ten days. Diseases parameters
were determrined as mentioned before.

6.2. Effect of essential plant oils on Alternaria alternata fruit rot of tomato
and pepper:

Tomato and pepper fruits were selected as mentioned before, surface
disinfested, inoculated with 4. alternata then dipped in essential plant oils of
caraway and garlic at 2.5% in addition to 0.3% tween 80%. Fruits were then
packed in plastic boxes separately and incubated. Three replicates with ten fruits
were used for each treatment. Then discase parameters were determined as
mentioned before.

6.3, Effect of industrial detergent on Alternaria alternata fruit rots of tomato
and pepper:

Tomato cv. orit and pepper cv. baladi fruits were selected as mentioned
before, surface disinfested, inoculated, dipped in 2.5% of citrol for 15 minutes
and water as control treatment, packed separately in plastic boxes and incubated.
Three replicates with ten fruits were used for each treatment. Diseases parameters
were determined as mentioned before.

Other experiments were carried out through dipping tomato and pepper
fruits in citrol 2.5% and/or sterile water to serve as control, another group of fruits
were left without treatment with neither of water nor detergent, packed in plastic
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boxes then left for natural infection and incubated at 13 °C, stored for two weeks.
the results were recorded as percentage of infected fruits.

7. Statistical analysis:

Data obtained were subjected to statistical analysis proposed by Gomez
and Gomez (1984), and means were compared using LSD multiple range test
according to Duncan (1954). .

RESULTS AND DISCUSSION

1. Isolated fungi:

Several fungal species belonging to different fungal genera were isolated
from naturally infected tomato and pepper collected from different local markets
in Abou-Hammad and Zazgzig provinces, El-Sharkia governorate {Table, 1).
Alternaria alternata (Fr.} Keissler. was the most isolated fungus followed by
Botrytis spp. Thercfore, 4. alternata was chosen for the further studies. Other
fungal genera such as Rhizopus stolonifer, Penicillium spp., Rhizoctonia solani,
Aspergillus niger, Cladosporum spp., Fusarium spp., and Geotrichum sp. were
isolated. Different fungal genera were previously isolated from infected tomato
and pepper fruits (Aktar ef al., 1994; Ragab Mopa et al., 2001; El-Essaway et al.,
2003 and Tohamy ef al., 2004).

Table (1): Frequency of isoiated fungi from rotted tomate and pepper fruits
collected from different local markets at El-Sharkia governorate.

olated fungi Tomatgre‘luencies Pepper

] Alternaria alternata 45,00 53.00

Alternaria spp. 10.00 12.00
| Botrytis cinerea 11.00 8.00
| Botrytis spp. 4.00 6,00

Rhizopus stolonifer 10.00 7.00
Penicllium spp. 5.00 6.00
Rhizoctonia solani 5.00 2.00
Aspergillus spp. 2.00 1.00
Mucor spp. 3.00 1.00
Cladosporium spp 2.00 3.00
Fusarium spp. 2.00
| Geotrichum sp.

2. Pathogenicity test of 4. alfernata:

Pathogenic capability of 4. alfernata to infect wounded and unwounded
tomato cv. orit and pepper cv. baladi, using fungal suspension (mycelial
fragments and spores) and or mycelial growth disks were tested. Data in Table {2)
reveal that, pathogenic ability of 4. alternata was higher in case of wounded
fruits, which gave 100 % of infection, than of un-wounded tomato and pepper
fruits which, gave 15 % in case of tomato, while, in case of pepper the fungus
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failed to infect the unwounded pepper fruits. As well as, the diameter of infected
area was higher in case of wounded (35 and 37 mm in case of tomato and 20 and
13 mm in case of pepper respectively) fruits than of un-wounded ones. These
results are in agreement with the results optained by several investigators (Ragab
Mona er al., 2001 and El-Essaway et al., 2003).

Table (2): Pathogenicity testes of Alternaria alternata on tomato and pepper
fruits measured as percentage of infection and diameter of
infected area (mm).

Wounded fruits Un-wounded fruits

Fungal Fungal
. Fungai growth . Fungal growth
suspension (Agar disk) suspension (Agar disk)

Treatments {cfu) {cfu)
Diam. Diam. Diam. - Diam.
Infection | infected | Infection | infected | Infection | infected | Infection | infected
(%o) ares (%e) area (o) area (") area
(mm) (mm) (mm) (mm)

Tomato cv. orit

Inoculated | 100.00 | 35.00 | 100.00 | 37.06 ] 100.00 ] 15.00 | 100.00 ] 12.00

Control 000 | 000 | 000 | 000 | 000 | 0.00 | 0.00 0.00

LSD at 0.5 | Sig. | 0.214 | Sig. | Sig. [ 0214} Sig. | 0214

Pepper cv. baladi

Inoculated | 100.00 | 20.00 | 100.00 ] 13.00 | 00.00 | 0.00 ; 00.00 | 0.00

Control 0.00 | 6G.00 0.00 | 000 | 0060 | 0.00 | 0.00 0.00

LSD at0.5 | Sig. | 0.214 | Sig. | 0.214

3. Reaction of different tomato and pepper cultivars at two ripening stages to
infection with A. alternata:

Data in Table (3) indicate that, fruits at red stage were most susceptible
than in light tomato red stage and at mature green stage of pepper, that shows the
highest percentage of infection and the widest diameter of infected area. Tomato
cv. orit at both tested stages was highly susceptible to be infected with A4.
alternata compared with Gs one which shows the lowest percentage of infection
and the narrowest diameter of infected area. In case of pepper fruits, baladi cv.
was more susceptible to the infection with 4. alternata than California one.
Similar results were obtained by Aly et al., (1993) and Reda et af, (15388).
Differences between tomato cvs. and or pepper cvs. to the infection with A.
alternata might be due to morphological and or biochemical genetic resistance
(Reda er al., 1988). Fruit rcpining stages play an important role on the infection
with A. affernata, whereas, the infection increased by increasing the maturing
stage. Similar results were obtained by Wall and Biles (1993). Schidsser, 1977
found that, differences in susceptibility to the infection at maturity stages may be
attributed to the antifungal material (tomatin) presents in green tomato fnuits that
decrease rapidly by fruit development and ripening, reaching traces in red
maturing stage. In addition, Labavitch et /. (1598) mentioned that when ripening
start, the natizral defenses are not longer effective.
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Table (3): Reaction of different tomato and pepper at two reipning stages to
infection with Alternaria alternata

Wounded fruits
Fungal Fungal growth
Treatments Stage suspension (¢fu) | {Agar disk)
g s 1750 s
area {(mm) arga (mm)

Orit at red stage 100.00| 3500 98.00 | 35.00

Orit at light red 80.00 25.50 78.00 16.50

Tomato |Gs at red 93.00 { 2500 | 9000 { 18.00
Gs at light red 78.00 20.00 71.00 14 .00

1LSD at 0.5 1.487 1.471 0218 0.295

Baladi at red 16000 | 20.00 10000 | 19.67

Pepper |Baladi at mature preen stage | 83.33 13.00 80.67 | 13.00
Calivornia wounder at red 100.00] 18.00 96.50 17.33

Calivornia ~ wounder at| 79 5o | 1550 | 7467 | 1150

mature green stage
LDS at 0.5 1.538 1.667 1.603 1.250

4, In vitro experiments
4.1. Effect of the bio-agent isolates on mycelial growth of Alternaria alternata
Bacillus subtilis, was the most effective bacterial isolates in reducing
radial growth of A. alternata, followed by P. fluorescens. T. viride was the most
effective fungal in reducing radial growth of 4. alternata, followed by T
harzianum compared to the control treatment (Table, 4). Similar results were
obtiand by EI-Ghaouth et al, (1998), Singh, er af,, (2000), Sivakumar et al,
{2000) Jiang ef al., (2001), El-Essaway et al., (2003). The differences between the
bioagents in reducing radial growth of A. alternata might by due to the
differences between them in their mechanisms and production of anti fungal
substances and their interaction on A. afternata (Singh, ef al., 2000, Sivakuinar ef
al., 2000, Jiang et &f., 2001 and El-Essaway et al., (2003).

Table (4); Effect of different bio-agents on mycelial growth reduction
nercent of Alfernaria alternata
Mycelial growth Mycelial growth
{%e) reduction (%)
| Trichoderma harzianum 34,74 65.26
Trichoderma viride 32.00 68.00

Bicagents

| Bacillus subtilis 68.42 31.58
i Pseudomonas fluorescens 47.37 52.63
| Control 106.00 00

[LSD at 0.5 0.287

Scanning electron microscope (SEM) micrograph gave an overview on
the role of Trichoderma spp. on reducing mycelial growth of A. afternata. Fig.1
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show that, the mycelintn of Trichoderma spp. proved to grow around and over the
mveslial growtt of A. alternata and coiled around it. This phenomenon with
mycoparasitsm. Trichoderria spp. can be penetrate and grow within mycelial of
different fungal genera which eventually destroved anc inconsequence no more
growth in addition to production of toxic substances {Chet (1984) found that,
Trichoderma sp. apparently acts as mycoparasite which detects its host by suger-
lectin linkage and begins to excrete exteracellular enzymes such as f-1,3-
glucanase, chitinase, protease and or lipase.

Fig. (1): Scanning electron microscope (SEM) micrographs showing the
hyperparasitism (mycoparasitism) of Trichoderma spp. on the
mycelium of A. alternata (notice, coiling of the mycelium of
Trichoderma spp. around the mycelium of 4. alfernata.
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4.2. Effect of different plant oil concentrations on mycelial growth of
Alternaria alternata:

different essential plant oils were tested against fungal growth of 4. alternata
iv vitro. Caraway oil was the most effective one followed by garlic oil then brassic il
(Table, 5). The inhibitory effect of the tested oils increased by increasing the
concentrations compared to the control and the fungicides used to control A
alternata. Similar results using plant oils were obtained by Srivastova er al., (1995),
Nath, er al,, (1994), Ragab Mona et al, (2001) and Tbrahim et of., 2003). The
inhibitory effect of essential plant oils to pathogenic fungal growth may be regard to
the presence of antifungal substances which may affect the synthesis of DNA and
RNA (Xia et al., 1995) and damaged the cell wall and cell membrane of the fingi i.e
A. alternata (Gegoi et al., 1997 and Ragab Mona et al., 2001).

Table (5): Effect of different o¢il concentrations on the reduction of 4.
alternate mycelia growth compared with fungicides
e A S S ——

. Concentrations | Mycelial growth Mycal growth
Treatments (%) (%) reduction (%)

0.00 100.00 5.00 |
175 106.00 0.00
Aloe 3.50 §5.67 3433
500 36 28 312
Mean 860.64 19.36
o 160,00 0.00
_ WE G150 38,50
Garlic 350 35.00 45.00
3.00 50.00 50.00
Mean 66.63 33.37
0.00 100.00 0.00
. 1733 80,00 70,00
Caraway 7,50 4567 51.33
5.00 3733 63.67

64.5 355 j
5.00 150.00 0.00
o 1735 %5.00 13.00
Brassic 550 65.00 35.00
500 33.45 41355

Mean 7791 23.59 .
5.00 160.00 0.00
135 56,20 33.80
Benlate 300.00 34,70 65.30
1000.00 73.00 72,00
Mean 57.23 42,717
.00 160.00 0.00
. VE 30,08 16.02
Zeinb 360,00 10,07 35,03
1600.00 59,01 50.99
Mean 67.27 32.73

e

LSD at 0.5

Treatments (1) = 0.127

rConcenU'ations {C)=10.163

TxC=0399 |
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4.3, Effect of different concentrations of industrial detergents on mycelial
growth of Alternaria alternata

The antifungal effect of industrial detergents against the growth of 4.
alternata was determined /v vitro. The different concentrations of two tested
detergents completely inhibited the growth of A. alfernata compared to the check
(control) and the fungicides used to control A. alternata (Table, 6). Similar results
were observed (El-Sharouny, 1988, Shkaraba ef al., 1991; Stanghellini and
Miller, 1997 and Al-Dahmashi, 2004), who obtained the same effects with
different detergents on different fungal genera.

Table (6): Effect of different concentrations of industerial detergents on
m)ccliai orowth reduction of Alternaria alternata.

Cnncentratlons Mycelial Mycelial growth
Treatments (%) ggov{fth (%) rgductioﬁr(%)
0.00 100.00 0.00
. . 125 0.00 100.00
| Citrol Qiquid) 730 0.00 100.00
5.00 0.00 100.00
Mean 25.00 75.00
0.00 100.00 0.00
135 0.00 100.00_
Rabso (powder) .50 6.00 100.00
500 0.00 100.00
Mean 25.00 75.00
0.00 100.00 0.00
Benlate 125 66.20 3380
500,00 34.70 65.30
1060.00 28.00 72.00
Mean 57.23 42.77
.00 100.00 0.00
. 125 89.98 11.02
Zeinb 500,00 30.07 59.93
1660.00 39.01 60.99
Mean 67.27 32.73
LSD at 0.5 Treatments (T) = 0.127

Concentrations (C) = 0.163
TxC=0.399

5. In vive
5.1, Biological control of Alternaria alternata fruit rot of tomaio and pepper:
Bacillus subtilis treatments of A. alternata inoculated tomato and pepper
fruiis showed the lowest percentage of infection (20 and 18.67 % of tomato and
pepper, respectively), followed by P. fluorescens (22 and 19.5 % for tomato and
pepper, respectively). T. viride was also effective in controlling fruits rot of
tomato and pepper (25 and 22.67 %, respectively) than T. harzianum being (30
and 27.15%, respectively) as shown in Table (7). Obtained results were highly
effective if compared with the tested fungicides.
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Table (7): Effect of different bio-agents on tomato and pepper fruit rots
caused by Alternaria alternata.

Infection Disease severity
Host | Ireatments Infected | Reduction | Infected | Reduction
(%) (%) diam {cm) (%)
T hargianum 30.00 70.00 136 65.39
T.viride 25.00 75.00 1.23 68.70
Bacillus subtilis 20.00 80.00 1.70 56.74
Tomato Pseudomonas
22.00 78.00 1.58 59.80
[fluorescens
Control 100.00 0.00 3.93 0.00
LSD at 0.5 1314 1.667 1.052 1.091
T harzianum 27.15 72.85 1.25 44.20
T.viride 22.67 77.33 1.18 47.33
Racillus subtilis 18.67 81.33 1.44 35.72
Pepper Pseudomonas
19.50 80.50 1.38 38.40
Horescens
Control 100.00 0.00 2.24 0.00
LSD at 0.5 1.800 0.233 0.622 1.030

T. viride was the most effective bio-agents in reducing the diameter of
infected area of tomato and pepper being (1.23 and 1.18 cm for tomato and pepper
respectively) followed by 7. harzianum (1.36 and 1.25 cm, respectively). However,
Bacillus subtilis was the lowest one, Similar results, were obtained by Tohamy, et al,
(1994); Chand-Goyal and Spotts (1997); El-Ghaouth ef al., (1998); Sivakumar ef af.,
(2000); Hang ef al., (2001) and El-Essaway ef al., (2003).

Trichoderma spp. proved to be active against plant pathogenic fungi
through, production of metabolites in the medium such as gliotoxin, which has a
fungi-static effect (Brain and Hemning, 1945). Production of certain antibiotic i.e
tricholin, which inhibit the mycelial growth when spread in the medium(Lin et
al., 1994) proved to producers for lytic enzymes, which degrade fungal cell wall
(Sivan, & Chet, 1989 and Benhamou & Chet, 1993). In plant discase control,
application of bacteria for controlling the diseases through producing salicylic
acid (Chen et al., 1999), bacterial metabolites (Steiner and Schonbeek, 1995),
induction of laytic enzymes i.e chitinase and B,1-3,gluconase (Chen et al.,1999,
Esh & El-Kholi, 2005 and Kishore ef al.,2005),

5.2. Effect of essential plant oils on Alternaria alternata fruit rot of tomato
and pepper:

Caraway and garlic oils at a concentration 2.5% effectively controlled
tomato and pepper fruit rots incited by 4. alternata. Caraway oil was higher than
garlic in reducing the percentage of the discase. However garlic was higher than
caraway in reducing the diameter of infected area of both tomato and pepper. The
effect of tested oils on disease percentage was similar to the effect of fungicides
tested. While the opposite was true in case of the diameter of infected area (Table,
8 and 9). Similar results with ¢ssential oils were obtained by Inouye et al., (1998);
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Ragab Mona ef al., (2001) and Ibrahim ef al., (2003). The effect of plant oils on
disease reduction might be regard to the presence of antifungal substances which
may affect the synthesis of fungal DNA and RNA (Xia et al., 1995) and damaged
the ceil wall and cell membrane of the fungi i.e 4. alternata (Gegoi et al., 1997,
Wilson, et al., 1997 and Ragab Mona ef al., 2001).

Table (8): Effect of caraway oil on tomato and pepper fruit rots caused by
Alternaria alternata,

Infection Disease severity
Treatments Infected | Reduction | Infected | Reduction
' (%) (%) | dimem | (%)
At light red stage 15.00 85.00 1.13 48.40
Control 100.60 0.00 2.19 0.00
At red stage 23.85 76.15 1.29 62.20
| At red stage benlate ;|  13.33 86.67 2.33 31.87
| At red stage zeinb 16.53 83.47 2.73 20.17
Lontrol 100.00 0.00 3.42 0.00
LSD at 0.5 0.881 1.439

At mature green| 4 60 86.00 1.30 41.17
stage

Control 50.00 10.00 2.17 0.00
At red stage 23.33 76.67 1.40 35.48
At red stage benlate | 11.67 88.33 0.90 59.27
At red stage zeinb 12.50 87.50 1.3 41.17
Control 100.00 0.00 2.21 0.00
LSP at 0.5 1.477 1.358

Table (9): Effect of garlic oil on tomato and pepper fruit rots caused by
Alternaria alternata.

Infection Disease severity

{Treatmcnts Infected | Reduction I”;‘;;:"d Reduction

| (%) (%) (cm) (%)
At light red stage | 18.00 82.00 | 0.9 56.16
Control 100.00 000 | 219 0.00
At red stage 21.83 78.15 1.10 67.83
Conirol 100.00 - 0.00 3.42 0.00
LSD at 0.5 0.840 0.982
At mature 11.00 8778 0.85 60.82
reen stage
Control 90.00 0.00 2.17 0.00
At red stage 18.33 8167 0.60 72.85
Control 100.00 0.00 2.21 0.00
LSD at 0.5 1.125 1.643

Tomato
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5.3. Effect of industrial detergent on Alternaria alternata fruit rot of tomato
and pepper:

Industrial detergent (citrol at 2.5 %) reduced decay development in tomato
and pepper caused by A. alfernafa after dipping the inoculated fruits for 15
minutes compared to the un-treated one (Table, 10). In addition washing tomato
and pepper fruits in citrol 2.5 % significantly reduced the natural decay of tomato
and pepper fruit rot compared to water washed fruits and or un-treated one
(Table, 11). The effect of detergents in reducing tomato and pepper fruits may be
due to, the anti-fungal cffect of detergents on fungal growth (El-Sharouny, 1988,
Shkaraba ef af., 1991; Stanghellini and Miller, 1997; and Al-Dahmashi, 2604).

Table (10): Effect of dipping infected tomuto and pepper in detergent {citrol)
at 2.5 % for 15 min on the rot infection caused by A. alternata,

Infection Disease severity
Host Treatments Infected | Reduction | Infected { Reduction
(%) (%) | dimem) | (%)
At light red stage 23.33 76.76 1.25 42.92
Tomato Control 100.00 0.00 2.19 0.00
At red stage 29.96 70.04 1.45 57.60
Control 100.60 0.00 342 0.00
LSD at 0.5 1.299 1.167
At mature 4470
Pepper | green sta 15.00 85.00 1.20
Control 90.00 0.00 2.17 0.00
At red stage 24.33 75.67 1.35 38.91
Control 100.00 0.00 2.21 0.00
LSD at 0.5 0.966 1,226

Table (11): Effect of washing tomato and pepper fruits in liquid detergent
(citrol} at 2.5% on the rots of tomato and pepper under
naturally infection

Infection
Host Treatments Infected (%%) | Reduction(%)
Inoculated at light red stage 10.00 90.00
Control (water) 35.67 64.33
Tomato Control (untreated) 63.00 37.00
Inoculated at red stage 13.50 86.5
Control (water) 40.00 60.00
Control (untreated) 67.00 _ 33.00
LSD at 0.5 0.485 0.549
Inoculated at green stage (.00 160.00
Control (water) 33.33 66.67
Pepper Control (untreated) 40.00 £0.00
Inoculated at red stage 20.00 80.00
Conirol (water) 35.50 64.50
Control (untreated) 50.00 50.00
LSD at 0.5 0.315 0.128
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