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INTRODUCTION

.
i

Some solanaceous crops e.g. tomatoes (Lycopersicon esculentum)

and pepper (Capsicum annum) are extremely important vegetable crops

in Egypt.

These crop plants are subject to the attack by many soil-borne
pathogens causing seedling damping-off, root rots and wilt symptoms,
consequently affect their quantity and quality (Hartman and Fletcher,

1991 and Abada, 1994).

Control of soil-borne diseases are conventionally carried out by
fungicidal seed treatments (Ohep ef al., 1984; Yehia ef al., 1984; Satour
et al., 1986 and Benhamou, 1992).

Recently, non-fungicidal applications for plant fungal diseases is
one of the major objectives of the plant pathologists all over the world.
For the time being, to avoid hazardous of using chemical control,
biological control of plant diseases has attracted the attention of most
workers (Elad ef al., 1983; Sivan et al., 1984; Sivan and Chet, 1987;
Lumsden ef al, 1992; Chambers and Scott 1995; Benhamou and
Chet, 1996 and Khalifa 1997. Therefore, the present study aimed to:
Study the
1. Effectiveness of some antagonists in controlling damping-off and
root rots of tomato and pepper plants. d

2. Effect of culture filtrates of selected antifungal microorganisms.

3. Metabolites produced by certain bioagents.

4. Effect of the tested biocontrol agents on growth of tomato and pepper
plants.
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REVIEW OF LITERATURE

Several soil-borne fungi attack tomato (Lycopefsicon esculentum)
and pepper (Capsicum annum) plants causing damping off, wilt and root-
rot diseases. These wide spread diseases are caused by several pathogens
included  Fusarium  spp., Rhizoctonia solani, Sclerotium spp.,

Phytophthora spp. and Pythium spp.

Fusarium spp. differed in their ability to cause pre-or post
emergence damping off and induces wilt. Fusarium oxysporum f. sp.
Iycopersici is wide spread and destructive soil borne pathogen that may
be responsible for severe tomato yield losses all over the world (Jarvis et
al,, 1975; Jenkins and Averre, 1983; Brammall and Higgins, 1985;
Malathrakis, 1985; Fahim ef al, 1986; Ricker, 1987; Favrin et al,
1988; Forsberg, 1989; Jarvis, 1989; Kapoor and Kar, 1989;
Brammall and Lynch, 1990; Khalifa, 1991 and Lukyanenko, 1991).

Kapoor (1987) found that several isolates of F. oxysporum, F.
solani, F. Semitectum, F. chlanydosporum and F. moniliforme isolated
from wilted tomato plants were compared for their potential to cause pre-

or post emergencé mortality and induce wilting in a transplanted crop.

Fusarium oxysporum - f. sp. Iycopersici now attacks other
Solanaceae species and members of Leguminaceae, Cucurbitaceae and

Chenopodiaceae (Menzies ef al., 1990).

Other pathogens were reported associated with damping off and

root rot of tomato and pepper plants.
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Pythium aphanidermatum was a most serious soil-borne fungus
causing damping-off of tomato seedlings in Florida (Sonoda, 1973) and
Canada (Favrin ef al., 1988).

R. solani is a wide spread soil-borne pathogen causing damping off
and collar rot of wide range of vegetable plants including solanaceous
crops in different countries (Alavi et al.,, 1986; Blancard et al., 1991;
Hadwan and Khara, 1992 and Moustafa and Khafagi, 1992).

Biological control of soil-borne pathogens:

It has long been recognized that the biological control provides the
front-line defence for roots against attacking by pathogens (Baker, 1986
and Bochow, 1989).

The primary approaches to evaluate the biocontrol antagonists
against soil-borne plant pathogenic fungi are to demonstrate some direct
adverse effect-s on the pathogeﬁ mycelium or on the physiology and or
ecology of the pathogen caused by an antagonist metabolites (Dennis

and Webster, 1971a, b).

Numerous references covering the in vitro and in vivo antagonism
of several bacterial, fungal and actinomycetes genera to soil-borne
pathogens were reported (Howell, 1982; Kim and Roh, 1987; Harrison
et al.,, 1991; Askew and Taing, 1994; Duuff et al., 1995; Benhamou et
al., 1996; Mansour, 1997 and Haggag (Wafaa), 1998).

Antagonistic bacteria have been extensively studied as biocontrol
agents effective against soil-borne pathogens. Among 20 genera of

bacteria, Bacillus spp., Pseudomonas spp. and Actinomycetes
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(Streptomyces spp.) were widely used for their characteristics as

biocontrol agents (Cook and Baker, 1983 and Yuen et al., 1985).

Bacillus spp. by their abilities to produce spores tolerating severe
condition were recommended as biocontrol agents in general and B.
subtilis in particular appears to be the most effective as a biocontrol
agent. In vitro, it showed an inhibitory effect on the mycelial growth of
plant pathogenic fungi (Osman ef al., 1986; Dhedi et al., 1990 and Phae
et al., 1992). Lima and Escobar (1990) found that B. subtilis inhibited
germination and grthh of F. equisti isolated from tomato seedling after
24 hours incubation at 27-30°C. Under field conditions, such bacteria
improved plant growth of many plant species in steamed and natural soil,
due to decrease incidence of diseases caused by several plant pathogens

(Merriman et al., 1974; Broadbent ef al., 1977 and Yuen ef al., 1985).

Loeffer ef al. (1986) found that, two antifungal antibiotics were
produced by B. subtilis. One of them was identified as dipeptide
compound named bailysin, which inhibited yeast and bacteria, where as
the other was identified as fengymycin (a complex of closely related
lipopeptide components) showed antibiotic activity to protect plants from
the pathogenic action of soil-borne fungi. Also, Ferreira ef al. (1991)

indicated that Bacillus spp. produced 66 different antibiotic compounds.

Kapoor and Kar (1989) reported that Bacillus spp. inhibited the
tomato wilt pathogen caused by F. oxysporum f. sp. lycopérsici by
producing antifungal antibiotics in culture. They added that culture broth
as well as cell free filtrates of 4 potent Bacillus isolates had an inhibitory

effect.
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Phae ef al. (1992) suggested that in field trials, when rice straw
was immersed in a culture suspension of B. subtilis and then mixed with
soils infested with F. oxysporum f. sp. radicis-lycopersici, the subsequent
occurrence of crown and root-rot of tomato was reduced. Also, B. subtilis
reduced damping-off caused by R. solani and Pythium aphanidermatum
in cucumber (Wolk and Sorkar, 1994) and F. solani in cowpea and

broad-bean (Mansour, 1997).

Several Pseudomonas spp. especially P. fluorescens have been
associated with inhibition of several soil borne diseases. In vitro studies,
P. fluorescens showed antagonistic activity against R. solani, F.
oxysporum and Pythium spp. which caused damping-off and root rot of
different crops (Howéll and Stipanovic, 1980; Alabouvette, 1990 and
Wolk and Sorkar, 1994). Under field conditions, P. fluorescens reduced
disease incidence caused by R. solanito 40-70% when applied to soil at
10% propagates/g of soil. The suppressive effect was more evident in
steam-sterilized soil than non sterilized field soil (Kim and Roh, 1987).
It has been reported that such bacteria reduced cucumber wilt incidence
to 50% than in untreated plots. Also, P. fluorescens controlled root-rot
disease caused by R. solani and Pythium spp. in cotton (Park, 1990;
Park et al. 1991; Hagendorn and Bardinelli, 1993 and Cartwright
and Benson, 1995) and several soil-borne pathogens in the field and

greenhouse (Benhamou ef al., 1996 and Haggége (Wafaa), 1998).

Several antibiotics were produced by Pseudomonas spp. which
inhibited growth of many soil-borne fungi. Among these antibiotics,
hemipyocianine  chlorofraphin, phenazine 1- carboxylic ' acid,

pyrrolinitrin, pyoluteonin and pseudane which were produced by 21
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Pseudomonas strains (Hasegawa et al., 1990). In addition to Harrison ef
al. (1991) reported that pseudomycins is a family of novel peptides
isolated from P. syringae processing broad-spectrum antifungal activity

against a broad range of plant pathogenic fungi.

Presence and role of actinomycetes in the rhizosphere have been
widely studied and their role as biocontrol agents of soil-borne fungal
diseases was mentioned by Saracchi et al, (1992) and Dormann (1993).
They reported that Streptomyces inhibited growth of Fusarium spp., R
solani in vitro. In greenhouse trials Streptomyces S 57 inhibited 13 out
18 tested fungal species. Application of Streptomyces spp. showed a
significant reducti{on of root rot disease: caused by R. solani and

Fusarium spp. of tomato (Shahida-Pai'veen, et al. 1991).

Numerous fungi have been documented as effective antagonists
against several important soil-borne pathogens Trichoderma spp.,
Gliocladium spp., Penicilium spp. have been most studied in the
biocontrol of root pathogens. Antagonistic Trichoderma spp. are
regarded as being of special interest for use as biocontrol agents and
succeeded to control soil-borne diseases (Harman ef al., 1980; Tu,

1980; Lumsden and Lock, 1989; Papavizas, 1985 and Adams, 1989).

Recently, screening studies in vitro showed that Trichoderma spp.
had high antagonistic effect against root-rot - pathogens. It attacked the
host by hyphal coils, hooks or appressoria. Lysed sites and penetration
holes were found in hypha of the plant pathogenic fungi. Excreted lytic

extra cellular B (1-3) gluconase and chitinase into the growth medium
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and even into the soil (Elad et al., 1980, 1981, 1982 ahd 1983; Datnoff
etal.,, 1995 and Lo et al., 1996).

It was reported that Trichoderma spp. and Gliocladium virens

!
showed strong antagonistic activity to F. oxysporum f. sp. lycopersici
and Phytophthora cinnamomi by mycoparasitism and over growth of the

‘pathogens (Cipriano et al., 1989 and Chambers and Scott, 1995).

Antibiosis is potentially a principal component of mechanism of
the biocontrol by Tﬁ'choderma spp. and Gliocladium spp., G. virens
produced an array of metabolites were identified as antifungal and
antibactérial compounds, i.e. viridin, sesquiterfen, gliotoxin, gliovirin,
gliocladic acid, heptelidic acid (avocetin), viridiol and valinotricin.
Gliotoxin speciﬁéally ‘has been implicated in biocontrol mechanism, in
addition to that suzukacillin _aﬁd alamicine are peptide antibiotics with
antifungal and antibacterial properties. Dermadin is an unsaturated
monobasic acid, active against gram negative and gram positive bacteria
and a wide range of pathogenic fungi (Abd El-Moity, 1981 and Smith et
al., 1990).

:om



MATERIAL AND METHODS

1. Survey, isolation and identification of tomato and pepper

soil-borne pathogens: |

Diseased tomato and pepper plants at different stages of growth
showing various degrees of root-rot, stem rot and wilt symptoms were
collected from different Governorates, i.e., Kafr El-Sheikh, Gharbiya
Dakahliya and Behira during 1995-1996 seasons. Diseased roots and
stem bases were carefully washed by running tap water to remove
adhering soil particles, cut into small pieces and surface sterilized by
dipping in 3% sodium hypochlorite for 3 minutes, then rewashed with
sterilized water several times and finally dried between two sterilized
filter papers. Pieces were planted in Petri dishes containing potato
dextrose agar medium (PDA). Plates were incubated for 3-6 days at 28°C
and examined daily to check up developing fungal growth. Fungi that
grew on such medium were purified through hyphal tip. The fungal

cultures were maintained on PDA medium for further studies.

2. Pathogenicity test:
The isolated fungi from tomato plants were tested for their
pathogenicity on the Castel Rock tomato cultivar, while those isolated

from pepper plants were tested on California wonder cultivar. J

Seeds of tomato and pepper plants were obtained from Dept. of
Horticulture, Agricultural Research Center, Giza, Egypt. Pathogenicity
tests were conducted in the greenhouse at the Faculty of Agriculture Kafr

El-Sheikh, Tanta University.
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2.1. Preparation of pathogenic inocula and soil infestation: '
Pathogenic inocula of all isolated pathogens were prepared on corn
meal sand medium (95 gm clean moistened sand and 5 gm corn meal)
(Sneh et al., 1991). Medium was placed in glass bottles of 500 ml
capacity and autoclaved for 30 minutes at 1.5 air pressure, inoculated
using agar discs (6 mm diameter) obtained from the periphery of 7 days
old colony of each isolated fungi, then incubated at 28°C for 15 days for
infesting soil. Sterilized pots (25 cm diameter) filled with autoclaved clay
loam soil were inoculated with each of the fungal isolates at the rate of

3% w:w of soil.

The infested soil was moistened thoroughly every other day for
one week. In the check pots, the soil was mixed with the same amount of
sterilized corn meal sand medium. Pots were sown by tomato seeds and
pepper seeds (5 seeds/pot). The seeds were surface sterilized with 3%
sodium hypochlorite for 3 minutes, fhen they were washed several times
with sterilized water. The pots were watered periodically. Three
replicates were used for each treatment which were arranged in

completely randomized design.

The identity of the pathogenic isolates was carried out at the
Department of Agric. Botany, Fac. of Agric., Kafr El-Sheikh, Tanta
Univ. and Confirmed at Mycology Laboratory, Plant Pathology Institute,
Agricultural Research Center, Giza, Egypt.

2.2. Disease assessment:
Disease assessment was recorded as percentage of pre-emergence
damping-off after 15 days of sowing, post-emergence damping off, root-

rot and wilt symptoms were recorded up to 90 days as described by
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Khalifa, (1987). Pre and post emergence damping-off were estimated as

follows:

% Pre emergence damping off = No. of non emerged seeds x 100

No. of sown seeds

No. 6f killed seedings
Total No. of emerged seedlings

% Post emergence damping off = x 100
Survived seedlings were removed, washed and diagnosed, they

were scored for R. solani on (0-3) scale described by (O’Sullivan and

Kavanagh, 1991) as follows: “

0

No necrosis

1 = Slight necrotic lesions on the root or hypocotyls.
2 = Lesions extending around the hypocotyls
3

= Seedling killed by disease (or not emerged seeds).

A disease index for each assessment was expressed as a percentage

of maximum possible infection as follows:
100X +2Y +37Z)

I(W+X+Y +2)

)

Disease index =

Where:
i W = Seedlings in class 0
X = Seedlingsinclass 1
Y = Seedlingsin class2
Z = Seedlingsinclass 3

For the assessment of Fusarium wilt or root rot, survived plants were
removed 45-90 days after sowing. They were scored for disease on 0-5
scale described by Kraft and Papavizas, (1983). Where:

0 : '
1

Healthy plant (no infection).

Very weak infection (tiny discoloration covering 10% ofroot

surface area).

10
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2 = Weak infection (tiny necrotic lesions covering 11-25% of root
surface area).
3 = Medium size lesions with corky tissues covering 26-50 of root

surface area.

4 = Sever infection (necrotic lesion covering 51-75% of root surface
area).
5 = Very sever infection (complete death of plant).

Disease severity was expressed as a weight average of the disease

index per pot. This was calculated by the following equation:

Disease severity = 3" (disease index x number of seedlings)

Total number of seedlings
3.  Screening for biocontrol agent:

Isolation of antagonistic fungi and bacteria were originally isolated
from rhizosphere of healthy root systems of tomato and pepper plants by
collecting adhering soil from the root system, then ten grams of such soil
were added to 90 ml sterilized distilled water in conical flask (250 ml).
After thoroughly shaking for 10 min., dilution series up to (10° CFU/ml)
was prepared. Portions of 0.1 ml from serial dilutions of the obtained
suspension were spread on the surface of Petri dishes containing media
using sterilized dryglasky glass triangle (Suslow and Schroth, 1982).
Plates were incubated at 28°C for 1-3 days. To isolate the bacterial
antagonist(s), nutrient agar and king's B media were used (Waksman,

1957 and King et al., 1954).

For isolating fungal antagonist (s) .the method recommended by
1
Elad et al. (1980) was followed.
For isolating Actinomycete(s) starch nitrate agar medium was used

(Waksman, 1957). After incubation for 24 h. bacteria and

11
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Actinomycetes , were checked for colony growth while fungi were
checked after four days. Differentj separated bacterial or fungal colonies
were picked up, repurified and stored on slants containing the suitable

media in a refrigerator for further study of antagonism.

3.1.1. The bacterial antagonist(s):

The bacterial and ACtinorhycetes antagonists were tested by
streaking 2 cm-long on one side of the medium within Petri dish (9 cm in
diameter). Pathogen disks (6 mm diameter) were taken from 3-7 days-old

cultures were put on the opposite side of the Petri dish.

Plots inoculated with each of the pathogenic fungi only were used
as checks. Plates were incubated at 28°C. Three replicates were used for
each test. The radius of the inhibition zone Between the antagonist (s) and
the pathogenic fungus was measured for dual culture plates when the
fungus had completely covered the control plates as described by
(Ibrahim ef al., 1987) as follows:

Relative power of antibiosis of bacterial antagonists against the

pathogenic fungi (RP.A)= %

Z
C

Diameter of inhibition zone

Diameter of spotted antagonistic isolate.

3.1.2. Identification:

Identification of the isolated bacterial antagonists was performed
according to their morphological and physiological properties (Buchana
and Gibbon, 1974 and Bergey's Manual, 1984). However,
identification was confirmed by Department of Bacterial Disease and
Biological Control, Plant Pathology Institute, Agriculture Research
Center, Giza, Egypt.

12
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3.2. Fungal antagonist (s):

Potato de;xtrosé agar (PDA) plates were inoculated with a disc of
each of the isolated pathogenic 'fungi (6 mm diameter) from 3-7 days old
culture. Opposite to the pathogenic fungus, a disc of 3-7 days-old culture
of the antagonist to be tested was placed at a constant distance away from
the opposite edge of the Petri dish. Inoculated plates were incubated at

28°C for seven days.

Degree of antagonistic effect was scored according the scale

adopted by Bell ef al., 1982.

Where:

Class1 = Fungal antagonist completely over grew the pathogen and
covered the entire medium surface.

Class2 = Fungal antagonist over grew at least two-thirds of the
medium surface.

Class3 = Fungal antagonist and the pathogen each colonized
approximately one half of the medium and neither of two
organisms appeared to dominate the other.

Class4 = The pathogen colonized at least two-third of the medium
surface.

Class5 = The pathogen completely overgrew the antagonist and

covered the entire medium surface.

3.2.1. Identification: ,

The bioagent microorganisms were identified according to Gilman
(1957) and Rifai (1969) at the Dept. of Agric. Botany, Faculty of
Agriculture, Kafr El-Sheikh as well as Departmeﬁt of Bacterial Disease

13
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and Biological Control, Plant Pathology Institute, Agriculture Research
Center, Giza, Egypt. '

4. Effect of culture filtrates of the different bioagents on
growth of the tested pathogens:

Different liquid media i.e., PD amended with 0.2% yeast extract
was used for fungi, nutrient glucose media and king's broth media were
used for bacteria. Each bioagent isolate was inoculated in 250 ml flask
contained 50 ml of each medium and incubated at 28°C for 15 and 6 days
for fungi and bacteria, respectively with continuos shaking conditions.
Colonized media were filtered through sterilized membrane (0.45 pm

mesh) (Lifshitz ef al., 1986). The clear filtrates were used as follow:

Aliquots of 0.00, 0.10, 0.25 and 0.50 ml were mixed with 0.50 ml
of potato dextrose yeast extract agar (Abd El-Moity et al., 1982 and
Lumsden et al., 1992).

Sterilized medium containing filtrate of each antagonists was
poured into Petri dishes and inoculated with disc (6 mm diameter)
obtained from 7 days-old colony of each pathogenic fungal growth.
Plates without any culture filtrate were used as a control and'incubated at
28°C. Linear growth of the pathogens were measured until the control
~ plate reached the edges. The inhibition percent was calculated using the

formula of Vincent (1927).

Percent of inhibition of fungal growth (I) = gél
Where
C = Fungal growth of check
T = Fungal growth of treatment.

!

14
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Metabolites produced by certain bioagents:

5.1. Detection and extraction of the antifungal compound(s) of G.
virens and T. harzianum:

The antibiotic produced by G. virens and T. harzianum in vitro
was measured by growing each fungus in 50 ml of liquid media (Park ef
al., 1992) and incubated at 28°C for 15 days on a rotary shaker at 60 rpm
for 20 minutes. The culture of the bioagents was then centrifuged at
16.000 g for 10 min. The antifungal compound of each was extracted
with an equal volume of 80% aqueous. acetone and the acetone was
removed in vacuo. Aqueous residue was ‘extracted with an equal volume
of chloroform, which was removed in vacuo, and the residue was
dissolved in 2 ml of methanol. Samples were spotted (30 pl) on thin layer
chromatography plates of silica gel (200 pm thick) and developed in
chloroform/ethyl acetate solvent (7:3). Developed plates were observed
under 366 and 254 nm ultraviolet light. Re values of the spots were
compared with metabolites extracted from bioagents and purified
gliotoxin was used as standard (from sigma) (Howell, 1991). The extract
were assayed for antifungal activity by mixing 40 pl of extract with an
equal volume of sterile water and placing the mixture in wells cut into
the peripheries of agar in Petri dishes. Potato dextrose gar (PDA) plugs
from 7 days old cultures of the pathogens were placed in the center of the
dishes. After 2-6 days, the dishes were examined for the preéence of clear
zones around the wells. Each dish contained three replicate extracts and

the dishes were arranged in completely randorhized design.

5.2. Total phenols:

Culture supernatant of different antagonistic microorganisms were
subjected to calourimetric determination of total phenols using the folin-
Denis reagent for phenols with spectrophotometer (Association of
Official Analytical Chemists 1975).

15
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6. Greenhouse experiments:
6.1. Biological control:
6.1.1. Bacterial antagonists:
The effect of the most efficient bacterial isolates for controlling
root rot disease incidence of tomato and pepper seedlings was studied in

non-sterilized soil in pots.

6.1.1.a. Preparation of bacterial inoculum and inoculation soil:
Inocula of the antagonistic isolates were prepared by growing them
on nutrient broth media for Bacillus subtilis or on king's broth media for
Pseudomonas fluorescens or P.D. media for Actinomycte sp. in conical
flasks (500 ml) at 28°C for 5 days using shaking incubator (100 rpm).
Cell suspension was diluted and adjusted to 10® CFU/ml of B. subtilis

and P. fluorescens and 107 propagules of Actinomycetes.

Soil was inoculated with antagonistic bacterial isolates at

concentration of 108 cell/gm at time of planting.

6.1.1.b. Design of experimental treatments were:

Untreated (control).

Treated with each pathogen to be tested only 7 days before planting.
Infested soil + suspension of B. subtilis 10® cell/gm of soil.

Infested soil + suspension of P. fluorescens 10® CFU/gm of soil.
Infested soil + suspension of Actinomycte Sp. 10" propagules/g of soil.
Infested soil + benomyl (0.1%).

o v RN

6.1.2. Fungal antagonists:
Different antagonistic fungi were used as suspension or a wheat
bran medium to control root rot disease incidence of tomato and pepper

seedlings. They were studied in non-sterilized soil in pots.

16
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6.1.2.a. Preparation of fungal inoculum and inoculating soil:

For preparation of inocula of isolates, T. harzianum and G. virens
were grown on PDA medium for 7 days. A wheat bran medium was
autoclaved for 1 h. at 121°C on two successive days as described by Elad
et al., 1980. Autoclaved bottles, contain 200 gm of the medium, were
inoculated with 6 mm diameter agar disks of the antagonistic fungal
isolates and incubated for 15 days at 28°C. Soil was inoculated with the
biotic fungal isolates on the day of planting at the rate of:

1. T harzianum: 3% of soil weight. :

2. G. virens: 2% of soil weight.

6.1.2.b. Design of experimental treatments were:
Untreated (control).
Infested soil with each of pathogens 7 days before planting.“
Infested soil + T. harzianum at time of planting.

1
2
3
4. TInfested soil + G. virens at time of planting.
5. Infested soil + Benomyl (0.1%).

6

Infested soil + wheat brane alone at time of planting.

6.2. Effect of tested biocontrol agents on morphological
characteristis of tomato and pepper plants:

The effect of tested biocontrol agents on different
morphological characteristics i.e., plant height, average number of
leaves, dry weight of shoot and dry weight or root/plant was
studied at the end of experiment.

7. Statistical analysis:
Complete randomized design was applied to laboratory and
greenhouse experiments. Data were subjected to analysis of variance

according to Duncan (1955) using the computer program (IRRISTAT).
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RESULTS

1. Survey and isolation of tomato and pepper wilt and root-
rot pathogens:
A survey study was carried out during 1995/96 season to detect the
main pathogens associated with wilt and root-rot symptoms of tomato and

pepper plants.

Isolation trails were carried out from diseased samples collected
from different localities at Kafr El-Sheikh, El-Gharbia, El-Dakahliya and

El-Behira Governorates.

Isolation of the pathogens was performed from roots at different
stages of plant growth resulted in 60 fungal isolates belong to six fungal
genera, i.e. Fusarium spp., Rhizoctonia spp., Pythium spp., Sclerotium
spp., Verticillium spp. and Alternaria spp. The occurrence and frequency
of fungi associated with diseased samples differed according to the
Jocality from which the samples were collected. The highest number of
fungi was isolated from samples collected from Kafr: El-Sheikh
Governorate (25 isolates) followed by Gharbia (14 isolates), Behira (11
isolates) and Dakahliya (10 isolates).

The prevalence of each fungus was not always the same in the four
Governorates (Table 1). F. oxysporum was the most dominant at Kafr El-
Sheikh, followed by R. solani and Pythium sp. At Al-Gharbia R. solani
showed the highest frequency of isolates followed by F. oxysporum. At
El-Behira, Sclerotium spp. was the dominant pathogen while at Dakahlia
Verticillium spp. showed the highest occurrence followed by Pythium
spp.

1
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Table (1): Fungi isolated from wilted and root-rotted tomato and pepper
plants collected from different Governorates of the Delta

during 1995/96 season.

Governorates No. of isolates Isolated fungi

Fusarium oxysporum
F. moniliforme

F. semitectum

Kafr El-Sheikh F. solani
Rhizoctonia solani

Pythium spp.

N A A NN WX

Alternaria spp.

—

F. semitectum
F. oxysporum
F. solani
El-Gharbia
R. solani
Alternaria spp.

Pythium spp.

F. solani
F. oxysporum
Beheira R. solani

Sclerotium spp.

N W NN NN NN AN W

Pythium spp.

—_—

F. solani

) Verticillium spp.
Dakahliya

N W

Pythium spp.

1 F. oxysporum

Total isolates 60
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2. Pathogenicity test:

The pathogenic potentialities of the most frequent isolated fungi
i.e. Fusarium oxysporum f. sp. lycopersici, Rhizoctonia solani, Fusarium
solani and Pythium aphanidermatum were tested under the greenhouse
conditions using Castle Rock tomato cultivar and California Wonder

pepper cultivar.

Data presented in Table (2) show pre & post emergence damping
off as well as disease index of tomato seedlings grown in soil infested
with F. oxysporum f. sp. lycopersici or R. solani. Results indicated that R.
solani was the most aggressive pathogen in inducing pre-emergence
damping off ’of .tomato plants (93.33%), while F. oxysporum f. sp.
Iycopersici showed the highest percent of post emergence damping off
(58.33%).

Data presented in Table (3) show the reaction of California Wonder
pepper cv. toward infection with the tested soil-borne fungi. These data
show that Pythium aphanidermatum followed by Rhizoctonia solani
caused the highest percent of pre-emergence damping off (93.33 and
86.67%, respectively). On the other hand, percent of post emergence
damping off was indicated by Fusarium solani (58.89%).

3. Biological control studies:
3.1. The in vitro experiments:

The initial screening of more than 250 bacterial colonies originated
from different soil rhizosphere samples resulted in the isolation of 45
different bacterial isolates exhibiting obvious antibiosis against one or
more of the tested phytopathogenic fungi. Each of the selected isolates
was tested for purity and designated with acode number. Preliminary
examination indicated that 33 of the antagonistic isolates were aerobic
and spore forming, whereas 9 isolates were pigment producer, aerobic

and short rods and 3 isolates were Actinomycetes.

20
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Table (2): Pathogenicity tests of fungal isolates to Castle Rock tomato

cv. under greenhouse condition.

Disease expressions

Tested fungi % pre- % post % survival | Disease index
emergence emergence plants
damping off | damping off
Fusarium oxysporum f. sp. 33.33b 58.33a 8.34b 78.33 b
lycopersici
Rhizoctonia solani 9333a 0.00 b 6.67c 92.11a
Control (non-infected) 6.67c 0.00b 9333 a 0.00 ¢
L.S.D.5% 0.94 0.38 - 1.96

Table (3): Pathogenicity tests of fungal isolates to California wonder

pepper cv. under greenhouse condition.

Disease expressions

Tested fungi % pre- % post % survival Disease index
' emergence emergence plants
dampiné off | damping off
Fusarium solani 30.00¢ 58.89 a 11.11 8l.11c
Rhizoctonia solani 86.67b 0.00b 13.33 8599 b
Pythium aphanidermatum 9333 a 0.00b 6.67 92.59 a
Control (non infected) 6.67d 0.00b 93.33 0.00d
L.S.D.5% 2.57 0.94 - 1.60
21
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Identification of Bacillus spp. and Pseudomonas spp. were carried
out using the morphological and physiological properties which presented
in Tables (4, 5).Data presented in Table (4) indicated that the identified
bacteria was Bacillus subtilis. While data presented in Table (5) indicated

that the identified bacteria was Pseudomonas fluorescens.

The efficiency of the selected antagonistic bacteria against the

tested phytopathogenic fungi were determined using a standardized test.

Data presented in Table (6) show that some of the antagonistic
isolates of B. subtilis had limited inhibitory spectrum namely isolate no.
B,, B, and B;3 which inhibited R. solani, F. oxysporum f. sp. lycopersici
and F. solani respectively. Similarly P. fluorescens isolate no. 190
inhibited R. solani only. On the other hand, some of the antagonists had a
wide spectrum of inhibitory action capable to inhibit all the tested
pathogenic fungi namely isolates no. 5, 8, 13, 18, 24, 33, 35, 44 and 51 of
B. subtilis as well as isolates no.5 and 35 of P. fluorescens. However,
isolate no. 5 of B. subtilis was the best antagonist among all isolates of

such a bacteria.

Also, data presented in Table (6) show that two isolates of
Actinomycetes épp. had limited inhibitory spectrum namely isolates no. 2
and 3. However, isolate no. 1 of Actinomycetes sp. was the best

antagonist among all isolates of such microorganism.

Fungal antagonists were isolated from different soil rhizosphere
samples of healthy tomato and pepper plants collected from the different
surveyed Governorates. More than 200 fungal isolates were tested for

their antagonistic effect against the phytopathogenic fungi.
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Table (4): Morphological characteristics and biochemical activities of

the antagonistic isolate (Bs) identified as Bacillus subtilis.

Testes Results

Shape of cell Rods
Sporulation, spore shape +,oval
Motility Motile
Anaerobic growth -
Gram reaction

Citrate utilization

+ + 4+

V.P. reaction

Lecithinase production (LV reaction) | -

+

Nitrate reduction
Indole formation

Growth in 7% NaCl

Urease activity
Gelatin hydrolysis
Casein hydrolysis

Catalase reaction

+ + + 4+ o+ +

Starch hydrolysis
Fermentation reaction:
Glucose Acid

Sucrose Acid

Galactose Acid

+ Positive reaction - Negative reaction
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Table (5): Morphological characteristics and biochemical activities of

the antagonistic isolate (P.3s) identified as Pseudomonas

Sfluorescens.
Testes Results

Shape of cell Short rods
Sporulation Non-spore former
Motility Motile
Gram reaction -
An aerobic growth -
Gelatin hydrolysis -
Oxidase test +

Growth of KBA medium Production of fluorescent pigment
Casein hydrolysis -
Starch hydrolysis - ;
Fermentation reaction:
Glucose Acid
Sucrose Acid
Galactose Acid
+ Positive reaction - Negative reaction
24
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Table (6): Rellative power of antibiosis (RPA) of bacterial antagonists
against - the major soil-borne fungal pathogens of tomato and
" pepper plants.
Values of RPA of tested bacterial antagonists against pathogens infect:
Code No. - Tomato plants = : Pepper plants
N of antagonistic usarium Rhizoctonia usarium Rhizoctonia Pythium
0. . oxysporum f. ; oxysporum f. ; ,
isolates . solani - solani aphanidermatum
sp. lycopersici sp. lycopersici
1 Bs 2.21 bed 1.91e-h 2.18 cde 2.10 def 1.23 gh
2 Bis 2.54 ab 2.17 de 2.36 bc 325a 1.78 ¢d
3 Bis 2.19 bed 1.87e-i 1.98d-g 235cd 1.49¢
4 Bis 1.83 d-i 1.72 g-j 1.79 f-i 1.23 pq 1.11h
5 B; 2.99a 2.52 be 2.54 ab 233 cd 271a
6 B; 2.21 bed 2.15 def 2.26 bed 2.07d-g 231b
7 By 1.75 d-i 1.86 e-i 1.95 efg 1.64 hn 191¢
8 By 1.87 d-g 1.81 f+j 1.22 kL 0.00r 0.001i
9 Bss 1.97 c-f 1.53 i-n 1.38 jkL 1.25 pq 0.00i
10 Bs 0.00j 0.00p 1.21L 0.00r 0.00 i
11 Beo 1.46 f-i 1.28 mno 1.59 hij 1.68 h-m 1.73d
12 By 291 a 0.00 p 1.78 ghi 0.00r 0.00 i
13 B4y 1.77 d-i 0.00p 2.80a 0.00r 0.00i
14 By 1.61 f-i 1.47 j-o 1.77 ghi 1.86 f-j 1.45 ef
15 Bis 1.35 hi 1.31 L-o 1.92 efg 1.27 opq 0.00 i
16 B 1.77 d-i 1.48 j-o -1.28 kL 0.00r 0.001i
17 Bios 2.13b-e 1.85 e-i '2.31 be 0.00 1.37 efg
18 Bios 1.59 fi 1.32L-0 1.94 efg 1.75 g-m 0.001i
19 B, 2.17 bed 1.98 efg 2.10 c-f 1.80 f-k 0.00i
20 B, 0.00j 1.68 g-k 0.00 m 1.56 j-P 0.00i
21 Bgg 1.39 ghi 0.00p 0.00 m 0.00r 0.00i
22 By7 0.00j 1.73 g+ 0.00 m 1.65 h-n 0.00 i
23 By7 296a 321a 272a 2.87b 0.001i
24 Bss 1.75 di 1.36 k-0 0.00 m 1.352n-q 0.00 i
25 Bes 1.97 c-f 0.00p 1.84 fgh 1.1l q v 1.34efg
26 Bs, 1.85d-h 1.78 g-j 1.92 efg 1.15q 122 gh
27 Bso 1.321 1.16 0 1.61 hij 1.96 e-h 0.001i
28 Bg; 1.63 e-i 1.66 g-i 0.00m 245¢ 0.00i
29 Bizs 2.44 be 2.19 de 1.92 efg 0.00r 0.00i
30 By 0.00j 1.28 mno 0.00 m 1.59 i-o 0.00i
31 By 0.00j 239cd 0.00 m 1.78 f-L 0.00i
32 Beo 0.00j 1.69 g-k 0.00 m 2.21 cde 0.001i
33 Biso 0.00j 1.25 no 0.00 m 0.00r 0.001i
34 P.s 1.321 1.61 h-m 1.61 hij 146 Lq 1.28 fgh
35 P.is 2.54 ab 276 b 2.82a 292b 2.63a
36 P.aso 1.87d-g 1.92 e-h 1.98 d-g 1.68 h-m 0.00 i
37 P 0.00j 0.00p 1.58 hij 1.72 h-m 0.00i
38 P.gy 1.48 £-i 1.24 no 1.36 jkl 1.33n-q 0.001i
39 P.g 0.00j 0.00 p 1.51 ijk 1.91 e-i 1.28 fgh
40 P.ys 1.79 di 1.88 e-i 0.00 m 1.44 mq 0.00i
41 P.» 0.00j 0.00 p 1.12L 0.00r 0.00i
42 P.ios 0.00j 1.87 e-i 0.00 m 0.00r 0.00 i
43 Act. 1 2.80a 3.01a 2.53 ab 2.85b 2.68a
44 Act. 2 0.00j 1.86 e-i 0.00 m 1.48 k-q 0.00i
45 Act. 3 0.00j 1.21 no 0.00 m 1.209q 0.00i
In the same column mean followed by the same letter are not significantly different according to

DMRT at 0.05 level.
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12 isolates out of these isolated fungi exhibited antagonistic effect
against one or more of the tested pathogens. These fungal isolates were
identified as Trichoderma harzianum and other five different
Trichoderma spp. one isolate of Gliocladium virens and other two
different Gliocladium isolates, Paecilomyces sp., Myrothium sp. and

Geotrichum sp.

Data presented in Table (7) show that isolate T. harzianum proved
to have the highest effect against the tested phytopathogenic fungi while,
T,, T4, Ts, Te isolates showed moderate effect. T; had the least effect
against the tested pathogenic fungi. All Trichoderma isolates had their
antagonistic effect through their growth over the pathogen (Table 7) and
Figs. (1,2, 3, and 4).

Data presented in Table (8) show the inhibitory effect of
Myrothecium sp., G. virens, Gliocladium spp., Paecilbmyces sp. and
Geotrichum sp. However, Gliocladium virens was the best antagonist as
shown in Table (8) and Fig. (4).

3.2. Effect of culture filtrates of the different antagonists on
mycelial growth of the tested phytopathogenic fungi of tomato
and pepper plants:

Filtrate's of the antagonists to be tested were examined for théir
inhibitory action to all the tested phytopathogenic fungi. Different
concentrations of each antagonist i.e. 10, 25 and 50% v/v of the media
were added to the PDA medium at 45°C then poured in Petri dishes. Each
pathogenic fungus disc (6 mm diam.) taken from F. oxysporum f. sp.
lycopersici, R. solani, F. solani, R. solani 1l and P. aphanidermatum old
culture was put in the center of the Petri dish. It is clear from the data the
culture filtrate of T. harzianum had the highest effect which inhibited

mycelial growth of the different tested phytopathogenic fungi.
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Table (7):

Effect of

Trichoderma  spp.

against

the tested

phytopathogenic fungi of tomato and pepper plants.

Values of antibiosis of Trichoderma spp. against pathogens of:
Isolates of Tomato plants Pepper plants
Trichoderma Fusarium
Rhizoctonia | Fusarium | Rhizoctonia Pythium
spp. oxysporum f. sp. )
solani solani solani aphanidermatum
lycopersici
Trichoderma
1 2 1 2 1*
harzianum
Trichoderma
2 3 3 2 2
sp. (2)
Trichoderma
2 4 4 4 3
sp. (3) '
Trichoderma
3 2 4 3 2
sp. (4)
Trichoderma
4 3 3 2 1
sp. (5)
Trichoderma
3 3 3 3 1
sp. (6)
*1  =Antagonist completely over grew the pathogen.
2 = Antagonist over grew at least two thirds of medium surface.
3 = Antagonist a'nd pathogen each colonized approximately one half of medium surface.
4 =The pathogen colonized at least two thirds of medium surface.
5

surface.
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Fig. (1): The antagonistic effect of Trichoderma spp. (1-6) against
P. aphanidermatum (A), R. solani (B).
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Fig. (3): The antagonistic effect of 7. harzianum against Rhizoctonia solani.
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Table (8): Efficiency of other fungal antagonists against the major soil

borne fungal pathogens of tomato and pepper plants.

Relative power antibiosis (RPA)

Fungal antagonistic Pathogens of tomato Pathogens of pepper
isolates Fusarium .
Rhizoctonia | Fusarium | Rhizoctonia Pythium
oxysporum f.
solani solani solani aphanidermatum
sp. lycopersici
1. Myrothecium sp. 0.00d 0.87¢ 0.80c 143 ¢ 1.83 ab
2. Gliocladium virens (1) 2.54 a 2.20a 3.09a 2.36a 2.13a
3. Gliocladium sp. 1.75 be 1.78 b 247 a 191b 1.89 ab
4. Gliocladium sp. 1.85 be 1.78 b 1.78b 1.71 ¢ 2.10a
5. Paecilomyces sp. 1.52¢ 1.20c 1.10¢ 0.75d , 1.38b
6. Gymnotrichum 0.00d 1.25¢ 0.78 ¢ 0.89d 0.88¢c

Means followed by a common letter in the same column are not

significantly different at the 5% level by DMRT.
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Fig. (4): The antagonistic effect of 7. harzianum (1), G. virens (2),
Actinomycete sp. (3) against P. aphanidernatum (A), R. solani (B), F.
oxysporum f. sp. lycopersici (C), F. solani (D)
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Table (9): Effect of culture (filtrates of different antagonistic
microorganisms on the growth reduction percentage of the

soil borne fungal pathogens of tomato and pepper plants.

% fungal growth reduction of pathogens of
Tomato plants Pepper plants
Antagonists |Filtrate|  Fusarium Rhizoctonia | Fusarium | Rhizoctonia Pythium
conc. |oxysporum f. sp. solani ‘ solani solani  \aphanidermatum
. lycopersici

Trichoderma 0 0.00d 0.00d 0.00d 0.00d 0.00d
harzianum 1 28.54 ¢ 18.09 ¢ 3521c 14.28 ¢ 2733 ¢
2 51.90b 3523 b 49.52b 33.80b 39.52b

3 58.51a 89.52a 58.09 a 82.38 a 71.90a

Gliocladium 0 0.00d 0.00d 0.00d 0.00d 0.00d
virens | . 2047 ¢ 18.57 ¢ 27.14¢ 17.61c¢c 17.61 c
2 49.52 b 42.85b 38.57b 39.52b 36.66 b

3 5333 a 74.76 a 56.19a 74.95a 7571 a

Pseudomonas 0 0.00d 02.00d 0.00d 0.00d 0.00d
fluorescens 1 22.09¢ 28.52¢ 20.76 ¢ 17.61 ¢ 27.14c
2 4533 b 4823 b 39.14b 30.52b 32.59b

3 65.52 a 82.38a 69.19a 76.95 a 80.19a

Bacillus 0 0.00d 0.00d 0.00d 0.00d 0.00d
subtilis 1 22.38¢ 2523c¢c | 2571c¢ 27.14 ¢ 26.18¢
2 35.71 be 46.66 b " 42.85b 39.66 b 30.23 be

3 5523 a 68.15a 48.09b 65.71a 69.52a

Actinomycele 0 0.00d 0.00d 0.00d 0.00d 0.00d
sp. 1 40.95 be 5143 ¢ 4190¢c 2095¢ 48.38 ¢
2 58.57b 68.95b 50.95b 41.19b 60.47b

3 67.14a 59.52a 6142a 76.65a . 6843a

Means followed by a common letter in the same column are not significantly different at the
0.05 level by DMRT.
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Fig (7): Effect of different culture filtrate concentrations of T.

harzianum on mycelial growth of P. aphanidermatum (A)

and R. solani (B).
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Fig. (8) Effect of different culture filtrate concentrations of G. virens on

mycelial growth of P. aphanidermatum (A) and R. solani (B).
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Fig. (9) Effect of different culture filtrate concentrations of P.

fluorescens on mycelial growth of P. aphanidermatum (A) and

R. solani (B).
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Fig (10) Effect of different culture filtrate concentrations of an
Actinomycetes sp. (isolated no. 1) on mycelial growth of F.

solani.
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The more the increase in filtrate concentration, the higher the effect

on the pathogenic fungus. (Figs. 5, 6, 7, 8,9 and 10)

3.3. Detection and extraction of the antifungal compound (s)
extracted from Gliocladium virens and Trichoderma
harzianum:

Extraction and purification of antifungal compound (s) produced
by G. virens and T. harzianum using thin layer chromatography technique
indicated the existence of the antibiotic Gliotoxin by both fungi (Fig. 11).
The solvent system, chloroform ethyl acetate (7: 3) was the most effective
in separating the compound. The nﬁetabolite was particularly prominently

visible in short wave Uv/250 nm) at RF value at (92.1).

3.3.1. Effect of Gliotoxin on mycelial growth of certain
phytopathogenic fungi:

Gliotoxin was assayed for its effect on the tested pathogenic fungi
isolated from diseased tomato and pepper plants. Data in Table (10)
indicated that, Gliotoxin showed an inhibitory action on the tested
pathogenic fungi. However, R. solani was the most affected pathogen by
the antibiotic while Fusarium solani was the least affected one. It is also
clear from the data that concentration of the antibiotic extracted from G.

virens was higher than those extracted from T. harzianum Fig. (12)
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Table (10): Effect of Gliotoxin producted by either Trichoderma

fungi of tomato and pepper plants.

harzianum or Gliocladium virens on the tested pathogenic

Relative power antibiosis (RPA) against fungal isolates of

Antagonists Tomato plants Pepper plants
Fusarium Rhizoctonia | Fusarium| Rhizoctonia Pythium
oxysporunt f. sp. solani solani solani aphanidermatum
lycopersici
T. harzianum 2.24b 2.49 ab 149¢ 2.09b 293 a
G. virens 277b 336a 1.68 ¢ 3.01a 2.24b
Control
. 0.00d 0.00d 0.00d 0.00d 0.00d
(without Gliotoxin)

In the same row means followed by the same letter are not significantly

different according to DMRT.

Table (11): Total phenolic compound in culture filtrates of the different

antagonists.

Antagonists

Total phenols/ml

G. virens

B. subtilis

T. harzianum

P. fluorescens

!

ctinomycete Sp.

0.054
0.084
0.223
0.068
0.173
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Fig. (11) Defecti_on and extraction of Gliotoxin from G. virens and T

‘harzianum by thin .layer chromatography
A: Gliotoxin (standard)

B: G virens

C: T harzianum
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A: B!
Fig. (12) Effect of Gliotoxin produced by G. virens (A) and T.
harzianum (B) (in holes) on mycelial growth of: Pythium
aphanidermatum (1), Rhizoctonia solani (2), Fusarium
- oxysporum f. sp. lycopersici. (3) Fusarium solani (4)
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3.4. Determination of total phenolic compounds in culture filtrates
of different antagonists:
Total phenolic compounds were determined in culture filtrates of

the different antagonists using folin-dinnes reagent.

!
Data presented in Table (11) show that the bacteria P. fluorescens
proved to have the highest content of phenolic compounds followed by

the Actinomycete sp. and G. virens.

4. The in vivo experiments:
4.1. Biological control of soil borne pathogens affecting tomato and

pepper plants:

An isolate each of T. harzianum, G. virens, P. fluorescens, B.
subtilis and Actinomycetes sp. were used for controlling damping off and
root-rot of tomato and pepper plants under greenhouse conditions during

1997 and 1998 growing seasons.

Data presented in Table (12) indicéte that all the tested biocontrol
agents as well as the fungicide benomyl significantly reduced post-
emergence damping off, root-rot and disease index caused by F.
oxysporum f. sp. lycopersici during 1997 growing season. However
benomyle was the most effective in this respect. The same trend was also
obtained during 1998 growing season. Whereas no significant differences
were observed between the effect of benomyle and T harzianum on the
post emergence damping off and disease severity index caused by the

pathogen (Fig. 13, 14).

Data presented in Table (13) and Fig. (15, 16) show that T.
harzianum and G. virens were more effective biocontrol agents on

controlling the post emergence damping off and disease severity index of
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