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ABSTRACT

Soil samples collected from the rhizosphere of healthy tomato and
pepper plants resulted in isolation of 45 bacterial isolates and 12 fungal
isolates exhibiting marked antifungal activity against Fusarium oxysporum
f. sp. Lycopersici, Rhizactonia solani, Fusarium solani, and Pythium
aphanidermarum the causal fungi of wilt and root rot to tomato and pepper
plants. These biocontrol agents belong to Bacillus spp., Pseudomonas spp.
as bacterial antagonists as well as Actinomyctes isolates, while fungal
isolates belonged to Trichoderma spp., Gliocladium spp., Myrothecium spp.,
Pacecilomyces spp. and Geotrichum spp. Among these antifungal antagonists
Trichoderma harzianum, Gliocladium virens, Pseudomonas fluorescens,
Bacillus subtilis and an Actinomycete sp. proved to have high potentia!
effect against the tested pathogens. Culture filtrates of the most tested
antagonists significantly reduced the growth of the tested pathogenic fungi
when added to PDA medium. The higher the increase in the filtrate
concentration, the more the effect on the tested pathogenic fungi.

The antibiotic gliotoxin was found to be produced by either G. virerns
or T. harzianum. Such antibiotic proved an inhibitory action against all the
tested pathogenic fungi.

INTRODUCTION

Biological control of soil-borne pathogens, manipulated in the last
15 years was used to avoid the ecological restrictions of using fungicides.

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 evaluates the biocontrol antagonists
against soil-borne plant pathogenic fungi are to demonstrate some direct
adverse effects on the pathogen mycelium or on the physiology and or
ecology of the pathogen caused by an antagonist metabolites (Dennis and
Webster, 1971a.b).

Several antagonistic bacterial, fungal and Actinomycetes genera 1o
soil-borne pathogens were reported as biocontrol agents of many pathoge:.s
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induced root-rot and wilt diseases (Duuff et al., 1995; Benhamou and Chet,
1996 and Haggag, 1998).

It has been reported that Bacillus spp. inhibited the tomato wilt pathogen
caused by F. oxysporum f. sp. Lycopersici by producing antifungal
anti-‘otics in culture (Kapoor and Kar, 1989). They added that cuiture broth
as well as cell free filtrates of 4 potent Bacillus isolates had an inhibitory
effect. s

Several antibiotics were produced by Pseudomonas spp. which
inhibited growth of many soil-borne fungi.

Antibiosis is potentially a principal component of mechanism of the
biocontrol by Trichoderma spp. and Gliocladium spp., G. virens produced
an array of metabolites which were identified as antifungal and antibacterial
compounds, i.e., viridin, sesquiterfen, gliotoxin, gliovirin, gliocladic acid,
heptelidic acid (avocetin), viridiol and valinotricin (Smith es al., 1990).

The present work dealt with the antagonistic effects of certain
biocontrol agents on some soil-borne pathogens isolated from roots and
stems of diseased tomato and pepper plants. Also, to study the biochemical
aspects of cultural filtrates of some of these bioagents.

MATERIALS AND METHODS
L. Screening for biocontrol agents:

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. 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. volumes 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 (King et al., 1954 and Waksman, 1957). For
isolating fungal antagonist(s) the method recommended by Elad et al. (1980)
was followed. Actinomycete(s) was isolated on starch nitrate agar medium
(Waksman, 1957).

Actinomycetes were checked for colony growth while fungi were
checked after four days. Different 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.

The bacterial and Actinomyctes antagonists were tested by streaking
2 c¢m-long on one side of the medium within Petri dish (9 cm diameter).
Pathogen disks (6 mm diameter) were taken from 7 day-old cultures were
put on the opposite side of the Petri dish.
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All plates were inocubated at 28°C. Three replicates were used for
each test. The radius of 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. (1997).

Potato dextrose agar medium (PDA) was used for isolating fungai
antagonists. Each of the isolated pathogenic fungi i.e. Fusarium oxysporium
f sp. lycopersici, Rhizoctonia solani, Fusarium solani and Pythium
aphandermatum (6 mm discs) from 7 days old culture previously isolated by
Hammoud (2000) from diseased tomato and pepper plants. Opposite to the
pathogenic fungus, a disc of 7 days-old culture of the antagonist to be tested
was placed at a constant distance a way from the opposite edge of the Petr]
dish. Inoculated plates were incubated at 28°C for 7 days. Degree of
antagonistic effect was scored according the scale adopted by Bell ef ai.
(1982).

The bacterial and fungal antagonists were identified at the Dept. of
Agric. Botany, Faculty of Agriculture, Kafr El-Sheikh as well as at the Pian:
Pathology, Institute, Agriculture Research Center, Giza, Egypt.

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

Different liquid medias, i.e., PD amended with 0.2% yeast extract
was used for fungi, nutrient glucose media, King's broth media were used
for bacteria and starch nitrate media was used for Actinomycetes. Each
bioagent isolate was inoculated in 250 mi flask contained 50 ml of specific
medium and incubated at 28°C for 15, 6 and 10 days for fungi, bacteria and
Actinomyctes, respectively, with continuous shaking conditions. Colonized
media were filterated through sterilized membrane (0.45 pm mesh) (Lifshitz
et 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 a/., 1982 and Lumsden
et al., 1992). Sterilized medium containing filtrate of each antagonists was
poured into Petri-dishes and inoculated with discs (6 mm diameter) obtained
from 7-day-old colony of each pathogenic fungal growth. Plates without
any culture filtrate were used as control and incubated at 28°C. Linear
growth of each of the tested pathogens was measured until the pathiogens in
the control plate reached the edges. The inhibition zone were measured
according to Klemant et al. (1990).

Metabolites produced by certain bioagents:
Detection and extraction of the antifungal compound(s) of G. virens and
T. harzianum:

The antibiotic produced by either G. virens or T. harzianum in vitro
was measured by growing each fungus in 50 m! of liquid media (Park ¢/ «. ..
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1992) and incubated at 28°C for 15 days on a rotary shaker at 60 rpm for 20
minutes. The cultures of the bioagents were then centrifuged at 16.000 g for
10 min. The antifungal compound of each was extracted with an equal
voiume of 80% aqueous acetone which was removed in vacuo. Aqueous
.sidue was extracted with an equal volume of chloroform, which was
removed 1n vacuo, and the residue was dissolved in 2 ml of methanol.
Samples were spotted (30 ul) on thin layer chromatography plates of silica
gel (200 pm thick) and developed in chloroform/ethyl acctate solvent (7: 3).
Developed plates were observed under 366 and 254 nm ultraviolet light. R
values of the spots were compared with metabolites extracted from
bioagents and purified gliotoxin was used as standard (from sigma) (Howell,
1991). The extract was assayed for its 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 agar
(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
presence of clear zones around the wells. Each dish contained three replicate
extracts and the dishes were arranged in completely randomized design.

Statistical analysis:

Complete randomized design was applied to laboratory experiments.
Data were subjected to analysis of variance according to Duncan (1995)
using the computer program (IRRISTAT).

RESULTS AND DISCUSSION
L 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 pathogenic fungi. Each of the selected isolates were tested for
purity and disignated with a code number.

Results of physiological and biochemical testes indicated that 33 of
the antagonistic isolates were aerobic Gram (+)} and spore forming which
proved to be identical to Bacillus subtilis. Nine isolates were pigment
rroducer Gram (-), aerobic and short rods, which were identical to
Pseudomonas fluorescens. While 3 isolates proved to belong to
Actinomycetes spp. (Tables 1, 2).

The effect of the selected antagonistic bacteria on the tested
phytopathogenic fungi were determined using a standardized test.
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Table (1): Morphological characteristics and biochemical activities of
the antagonistic isolate (Bs) identified as Bacillus subtilis.
- Tests Results
Shape of cell Rods
Sporulation, spore shape + , oval
Maotility Motile
Anaerobic growth -
Gram reaction +
Citrate utilization +
V.P. reaction +
Lecithinase production (LV reaction) -
Nitrate reduction +
Indole formation -
Growth in 7% NaCl +
Urease activity +
Gelatin hydrolysis +
Casein hydrolysis +
Catalase reaction +
Starch hydrolysis +
Fermentation reaction:
Glucose Acid
Sucrose Acid
Galactose Acid

+ Positive reaction

- Negative reaction

Table (2): Morphological characteristics and biochemical activities of the

antagonistic  isolate (P.3s) identified as Pseudomonas
fluorescens.
Tests Results
Shape of cell Short rods
Spotulation Non-spore former
Motility Motile
Gram reaction -
An aerobic growth -
Gelatin hydrolysis -
Oxidase test +

Growth of KBA medium
Casein hydrolysis

Starch hydrolysis _
Fermentation reaction:
Glucose )
Sucrose

Galactose

Production of flucrescent pigment

Acid
Acid
Acid

+ Positive reaction

- Negative reaction

Data presented in Table (3) show that some of the antagonistic
isolates of B. subtilis had limited inhibitory spectrum namely isolate no. B,.
By; and Bss which inhibited growth of R. solani, F. oxysporum f. sp.
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Lyocpersici and F. solani respectively. Similarly P. fluorescens isolate no.
19 inhibited growth of R. solani only. On the other hand, some of the
antagonists had a wide spectrum of inhibitory action capable to inhibit all
th~ tested pathogenic fungi namely isolates of B. subtilisno. 5, 8, 13, 18, 24,
33, 35, 44 and 51 as well as isolates of P. fluorescens no. 5 and 35.
However, isolate no. 5 of B. subtilis was the best antagonist among all
isolates of such a bacteria. Also, the obtained results show that two isolates
of Actinomycetes spp. (no.2 and 3) had limited inhibitory spectrum, while,
isolate no. 1 was the best antagonist among all isolates of such micro-
organism.

The obtained results agreed with the finding of many investigators
who noticed the inhibitory effect of different Bacillus spp. particularly B.
subtilis on many bacterial and fungal pathogens (Loeffer er af., 1986,
Ferreira et al., 1991). Also, it was reported that Pseudomonas spp. inhibited
different pathogens by producing antibiotics and/or sidrophore which were
suppressive to a large number of phytopathogenic fungi (Farvel, 1988 and
Kraus and Loper, 1992).

Presence and role of Actinomycetes spp. in the rthizosphere of tomato
and pepper plants as biocontrol agents are in accordance with the finding of
other investigators (Saracchi et al., 1992 and Dormann, 1993).

The present study cleared that more than 200 fungal isolates were
tested for their antagonistic effect on the tested phytopathogenic fungi.
Twelve 1solates out of these isolated fungi exhibited antagonistic effect
against one or more of the tested pathogens. Six of these fungal isolates
were identified. as Trichoderma spp. One of them was identical to T.
harzianum. Three isolates proved to belong Gliocladium spp., whereas, one
of them was identified as G. virens. The rest of these antagonistic fungi were
Paecilomyces sp., Myrothecium sp. and Geotrichum sp. (Table 4, 5),
However, T. harzianum isolate proved to have the highest effect against all
the tested pathogenic fungi while, Trichoderma spp. isolates no. T,, Ty, Ts,
Ts, showed moderate effect, while, T; had the least effect in this respect
(Table 4).

Results also, show the inhibitory effect of Myrothecium sp., G. virens,
Gliocladium spp., Paecilomyces sp. and Geotrichum sp. against the tested soil-
borne fungal pathogens of tomato and pepper plants (Table 5). However, G.
virens was the best antagonist. This finding is in accordance with (Bell ez a/.,
1982; Papavizas, 1985 and Chamber and Scott, 1995).

Filtrates of antagonists were examined for their inhibitory action on all
tested phytopathogenic fungi. It is clear from the data that cuiture filtrate of 7
harzianum had the highest effect which inhibited mycelial growth of the
different tested phytopathogenic fungi (Table 6).
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Table (3): Relative power of antibiosis (RPA) of bacterial antagonists against
the tested soil-borne fungal pathogens of tomato and pepper plants.
Code No Values of RPA of iesled bacterial antaponists apainst pathopens infect:
of ’ Tomato plants Pepper planis
No. antagonistic Fusarium Rhizoctonia| Fusarium Rhizocronia Py ”'_1 um
isolates | @Sporum f h P\ solani salani solani aphanidermat
lvcopersici um
1 By 2.2] bed 1.91 ¢-h 2.18 cde 2.10 def 1.23 gh
2 B; 2.54ab 217 de 2.36bc 325a 1.78 cd
3 By 2.19 bed 1.87e-i 1.98 d-g 2.35cd 149 ¢
4 By 1.83 d-i 1.72 g5 1.79 i 1.23pq L.tk
5 B, 2.99a 2.52bc 254 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 c-i 195 efg 1.64 hn 19l c
8 Bs, 1.87d-g 1.81 £ 122 kL 0.00r 0.00i
9 B, 197 cf 1.53 i-n 1.38jkL 1.25 pq 0.00 i
10 By 0.00) 0.00p 125 L 0.00r 0.00 i
11 By 146 f-i 1.28 mno 1.59 hij 1.68 h-m 1.73d
12 Bo; 291a 000p 1.78 ghi 0.00r 0001
1 By 1.77 d-i 000p 280a 0.00r 0.00 i
14 Ba, 1.61 £ 1.47j0 1.77 ghi 1.86 £ 1.45¢cf
i5 Bys 1.35 hi 1.31L-o 1.92 efg 1.27 opq 0.00 i
16 Bys 1.77d-i 1.48 jo 1.28 kL 0.00r 0.001
17 Bios 2.13be 185e-i 231 be 0.00 137 efg
8 Bios 1.59 f-i 1.32L-0 1.94 efg 1.75 g-m 0.00
19 B, 2.17 bed 1.98 efg 2.10c-f 1801k 0.00 i
20 B, 0.00j 1.68 gk 0.00 m 1.56 j-P 0.00
21 Byo 1.39 ghi 000p 0.00 m 0.00r .00
2 B.; 0.00] 1.73 g 0.00 m 1.65 h-n 0.00 i
23 By, 29a 32la 272a 2.87b 0.001
24 Bgs 1.75di .36 k-o 0.00m 1.352 nq 0.00i
25 Bgg 1.97 cf 0.00p 1.84 fgh 1.11q 1.34 efg
26 Bs, 1.85 d-h 1.78 g+ 1.92 efg 1.15q 1.22 gh
27 By, 132i 1.160 1.61 hij 1.96 ¢-h 0.001
28 By 1.63 e-i 1.66 g-i 0.00 m 245¢ 0.00 1
29 Bios 244 bc 2.19de 1.92 efg 0.00r 0.00 i
30 B|37 000j 1.28 mno 0.00m 1.59i-0 0.001
31 By 0.00 j 239cd 0.00 m 1.78 £-L. 0.00 i
32 Be 0.00] 1.69 gk 0.00 m 2.21 cde 0.00
33 Bgo 0.00j 1.25n0 0.00m 0.00r 0.001
34 P 1.321i 1.61 h-m 1.61 hi} 1.46 L-q 1.28 fgh
35 P.s 2.54ab 276b 282a 292b 263a
36 P.aso 1.87d-g 1.92¢-h 1.98d-g 1.68 h-m 0.001
37 Pt 0.00 j 0.00 p 1.58 hij 1.72 h-m 0.00
38 P.s7 1.48 £ 1.24 no 1.36 jkI 133 n-q 0.0v i
39 | 0.00] 000p 1.51ik . 1.91 e-i 1.28 fgh
40 P 1.79 di 188 e 0.00 m 1.44 mq 0.001
41 P 0.00 j 0.00p L.I2L 0.00r 0.00 i
42 P.1og 0.00j 1.87 c-i 0.00 m 0.00r 0.00 i
43 Act. 1 2.80a iola 253 ab 2385b 2.68a
44 Act. 2 0.00) 1.86 e-i 0.00 m 1.48 k-q 0.00 1
45 Act 3 0.00] 121n0 |  000m 1.20q 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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Table (4):  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 .
. . . , 1 Pythium
spp. oxysporum f.|Rhizoctonial Fusarium |Rhizoctoni )
. ] . |laphanidermatu
2 solani solani a salani m
Iycopersici
Trichoderma harzianum 1 2 i 2 . LI
Trichoderma sp. (2) 2 3 3 2 2
Trichoderma sp. (3) 2 4 4 4 3
Trichoderma sp. (4} 3 2 4 3 2
Trichoderma sp. (5) 4 3 3 2 1
Trichoderma sp. (6} 3 3 3 3 1

Antagonist completely over grew the pathogen.

Antagonist over grew at least two thirds of medium surface.

Antagonist and pathogen each colonized approximately one half of medium surface.

The pathogen colonized at least two thirds of medium surface.

The pathogen completely over grew the antagonist and eccupied the entire medium surface,

& T
o won

Table (5): Effect of different fungal antagonists against the tested soil bornee
fungal pathogens of tomato and pepper plants.

_ Relative power antibiosis (RPA)
Fungal antagonistic Pathogens of tomato Pathogens of pepper
isolates Fusarium Rhizoctonia | Fusarium} Rhizoctoni Fy tﬁmm
oxysporum f. . ) . | aphanidermat
.| solani solani | asolani
sp. lycopersici um
1. Myrothecium sp. 0.00d 0.87¢c 0.80c 143 ¢ 1.83 ab
%i )G”“"’d’"’" virens | 3544 220a | 3092 | 236a 2.13a
3. Gliocladium sp. 1.75 be 1.78 b 247a 191 b 1.89 ab
4. Gliocladium sp. 1.85 be 1.78 b 1.78 b 1.71¢ 2.10a
5. Paecilomyces sp. 152¢ 120 ¢ 1.10¢ 075d 1.38b
6. Geotrichum 0.00d 1.25¢ 0.78 ¢ 0.89d 0.88 ¢

Means followed by a common letter in the same column are not significantly different at the 5% level
by DMRT.

RPA = =
C
z = Diameter of inhibition zone.
¢ = Diameter of fungal antagonistic isolate.

It was found that the more the increase in filtrate concentration, the
higher the effect on the pathogenic fungi.

The inhibition of pathogenic fungi when grown on media included
culture filtrate of each of the tested antagonists was probably due to the
presence of fungitoxic compounds or antibiotic compound(s) which could
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affect fungal growth. The production of toxic metabolites by bioagents is the
principal mechanism of biological control of root-rotting pathogens. These
results are in a harmony with Roberts and Lumsden (1990) and Haggag,
Wafaa, (1998). '

Table (6): Effect of culture filtrates of different antagonistic microorganisms on
percent of fungal pathogens growth of tomato and pepper plants.

% fungal growth reduction of pathogens of
Tomato plants Pepper plants
Antagonists | Filtrate | Fusarium |Rhizoctonia|Fusarium|Rhizoctonia|  Pythium
conc. | oxysporumf.| solani | solani | solani |aphanidermatu
) " |sp. lycopersici m

Trichoderma 0 0.00d 0.00d 0.00d 0.00d 0.00d
s cosinum 1 2854c | 1809¢ [3521¢c| 1428¢ | 27.33¢
2 5190b 3523b | 49.52b | 33.80Db 39.52b

3 58.51a 8952a | 5809a | 8238a 71.90 a

Gliocladium 0 0.00d 0.00d 0.00d 0.00d 0.00d
virens I 2047 ¢ 18.57c | 27.14c¢c | 1761¢c 17.61¢
2 4952 b 42.85b | 3857b{ 39.52b 36.66b

3 5333a 74.76a | 56.19a ] 74.95a 7571 a

Pseudomonas 0 0.00d 02.00d | 0.00d 0.00d 0.00d
fTuorescens 1 2209c 2852¢ | 2076c | 176lc 27.14c¢
2 4533 b 4823b | 39.i14b | 30.52b 32.59b

3 65.52a 8238a | 69.19a | 7695a 80.19 a

Bacillus 0 0.00d 0.00d 0.00d 0.00d 0.00d
Estbitilis 1 22.38¢ 2523c¢ [ 25.71c¢c | 21.14c 26.18¢
2 3571 be 4666b {4285b 7 39.66b 30.23 bc

3 5523 a 68.15a | 48.09b | 65.71a 69.52 a

A ctinomycete 0 0.00d 0.00d 0.00d 0.00d 0.00d
sp. 1 40.95be 5143c¢ | 41.90¢c | 2095¢ 48.38 ¢
2 58.57b 6895b | 5095b | 41.19b 6047 b

3 67.14a 59.52a | 6142a ! 76.65a 68.43 a

Means followed by a common letter in the same column are not significantly different at the 0.05
level by DMRT.

IL. Detection and extraction of the antifungal compound(s)
extracted from gliocladium virens and Trichoderma harzianum:
Identification of antifungal compound(s) produced by either G

virens or T. harzianum using thin layer chromatography technique indicated

the existence of the antibiotic Gliotoxin by both fungi (Fig. 1). The solvent
system, chloroform ethyl acetate (7: 3) was the most effective in separating
the compound. The metabolite was particularly prominently visible in short

wave UV/250 nm) at RF value at (92.1).

III.  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 (7) indicated
that, Gliotoxin showed an inhibitory action on the tested pathogenic fungi.
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However, R. solani was the most affected pathogen by the antibiotic while
Fusarium solani was the least affected one. It was also clear from the data
that concentration of the antibiotic extracted from G. virens was higher than
those extracted from 7. harzianum.

In the present study gliotoxin is likely to be responsible for
biocontrol activity in vitro effect against soil-borne pathogenic fungi. This
result is in agreement with Howell (1982 and 1991); Lumsden er al. (1992)
and Howell and Stipanovic (1995) who cited that the gliotoxin serve to
inhibit soil microbial competitors, and affect germination and growth of
soil-borne pathogens to bring about biological control. Gliotoxin is a major
component of the biocontrol systems of G, virens.

A C

Fig. (1)  Detection and extraction of Gliotoxin from either G. virens or T,
harzianum by thin layer chromatography

A: Gliotoxin (standard)

B: G virens

C: T harzianum
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Table (7): Effect of Gliotoxin producted by either Trichoderma harzianum
or Gliocladium virens on the tested pathogenic fungi of tomato
., and pepper plants.

Relative power antibiosis (RPA) against fungal isolaies of
Antagonists Tomato plants Pepper plants
Fusarium hizoctonia) FusariumtRhizoctoniql Pyihium
oxysporum f. | solani solani solani  \aphantdermutun
sp. lycopersici
T. harzianum 224b 2.49 ab 1.49 ¢ 2.09b 2.93a
G. virens 2.77b 336a 1.68¢ 3.0la 224 b
Control
(without Gliotoxin) 0.00d 0.00d 0.00d 0.00d 0.00d

In the same row means followed by the same letter are not significantly different according to DMRT.

REFERENCES

Abd El-Moity, T.H.; Papavizas, G.C. and Shatla, M.N. (1982). Induction of
new isolates of T. harzianum tolerant to fungicides and their
experimental use for control of white root of onion. Phytopathology
72: 369-400.

Baker, R. (1986). Biological control: An over view. Can. J. Plant Pathol., &:
218-221.

Bell, D.K.; Wells, H.D. and Markham, C.R. (1982). In vitro antagonism of
Trichoderma  species against six fungal plant pathogen.
Phytopathology 72: 379-382.

Benhamou, N. and Chet, L. (1996). Parasitism of sclerotia of Sclerotinum
rolfsii by Trichoderma harzianum: Ultrastructural and cytochemical
aspects of the interaction. Phytopathology 86: 405-416.

Bochow, H. (1989). Use of microbial antagonists to control soil-born
pathogens in greenhouse crops. Acta Hort. 225: 271-280.

Chambers, S.M. and Scott, E.S. (1995). In vitro antagonism of
Phytophthora cinnamoni and P, citricola by isolates of Trichoderma
spp. and Gliocladium virens. J. Phytopathology 143: 471-477.

Dennis, C. and Webster, J. (1971a). Antagonistic properties of species
groups of Trichoderma 1. Production of non volatile antibiotics.
Trans, Br. Mycol Soc. 57: 25-39. In: Sivaprakasam, K. and
Seetharaman, K. 1993. Crop Diseases Innovative Techniques and
Management. Mrs. Usha Rajkumar for Kalyam Publishers, New
Delhi-110002 pp. 584.

Dennis, C. and Webster, J. (1971b).Antagonistic properties of species group
of Trichoderma 1l." Production of volatile antibiotics. Trans. Br.
Mycol. Soc. 57: 41-48. In: Sivaprakasam, K. and Seetharaman, K.



20 - El-Kazzaz, M.K. et al.

1993. Crop Diseases Innovative Techniques and Management. Mrs.
Usha Rajkumor for Katyani Publishers, New Dethi-110002. pp. 584.

Dormann, S.E. (1993). Biological control of soil pathogens by the use of
Streptomycin preparation. Novenyvedelem, 29: 554-560 (c.f. Agric.
Abstr. 660, 1996).

Duncan, B.D. (1955). Multiple range and multiple F test. Biometrics 11: 1-42.

Duuff, B.J.; Erkelens, A.; Baker, P.A.H.M. and Shippers, B. (1995). Influence of
pH on suppression of Fusarium wilt of camation by Pscudomonas
Sluorescens WCS 417 R. J. Phytopathology 143: 217-222.

Elad, Y.; Chet, L. and Katan, J. (1980). Trichoderma harzianum:. A
biocontrol agent effective against Sclerotium rolfsii and Rhizoctonia
solani. Phytopathology 70: 119-121.

Farvel, D.R. (1988). Role of antibiosis in the biocontrol of plant disease.
Annu. Rev. Phytopathol., 26: 75-91.

Ferreira, J.H.S.; Matlhee, F.N. and Thomas, A.C. (1991). Biological control
of Eutypalota on grapevine by an antagonistic strain of Bacillus

. subtilis. Phytopathology 81: 283-287.

Haggag, Wafaa, M.S. (1998). New approaches for controlling soil bornee
fungi infecting cucumber plants under greenhouse conditions. Ph.D.
Thesis, Fac. Agric., Ain Shams Univ.

Hammoud, Sahar, M.H. (2000). Studies on certain root-rot diseases
infecting some plants of Family Solanaceae. M.Sc. Thesis, Fac. Agric.,
Kafr El-Sheikh, Tanta Univ. 88 pp.

Howell, C.R. (1982). Effect of Gliocladium virens on Pythium ultimum,
Rhizoctonia solani and damping off of cotton seedlings.
Phytopathology 72: 496-498.

Howell, C.R. (1991). Biological control of Pythium damping-off of cotton
with seed-coating preparations of Gliocladium virens. Phytopathology
81: 738-741.

Howell, C.R. and Stipanovic, R.D. (1995). Mechanisms in the biocontrol of
Rhizoctonia solani-induced cotton seedling disease by Gliocladium
virens: Antibiosis. Phytopathology 85: 469-472.

Ibrahim, M.EXK.; Mehiar, E.F. and Gremi, S.M. (1997). Biological control
of black leg, soft rot and common scab of potato by bacterial
antagonists. J. Agric. Res., Tanta Univ., 13(1): 1-15.

Kapoor, LJ.and Kar, B. (1989). Antagonism of Azotobacter and Bacillus to
F. oxysporum f. sp. lycopersici. Indian Phytopathology 42: 400-404.

King, E.Q.; Word, M.K. and Raney, D.E. (1954). Two simple media for the
demonstration of poyocynin and fluorescian. J. of lLaboratory and
Clinical Medicine 44: 301-307.



J. Agric. Res. Tanta Univ., 28(1) 2002 21

Kiemant, Z.; Rudolph, K. and Sands, D.C. (1990). Methods in
phytobacteriology. Acadimia Kiado, Budapest,133 pp.

Kraus, J. and Loper, J.E. (1992). Lack of evidence for a role of antifungal
metabolite production by Pseudomonas fluorescens P£-5 in biclogical
contro] of Pythium damping-off of cucumber. Phytopathology 82:
264-271. ' '

Lifshitz, R.; Windham, M.T. and Baker, R. (1986). Mechanism of biological
control of pre-emergence damping-off of pea by seed treatment with
Trichoderma spp. Phytopathology 76: 720-725.

Loeffer, W; Tschen, J.8.M.; Nongnuch Vaniltunakom; Kuglei, M.; Elisabe
Thknorpp; Ting-Fang Hsieh and Wu, T.G. (1986). Antifungal effects
of bacilysin and fengymycin from Bacillus subtilis F-29-3. A
comparison  with activities of other Bacillus antibiotics.
Phytopathology 115: 204-213.

Lumsden, R.D.; Lock, J.C.; Adkins, S.T.; Waiter, J.F. and Ridout, C.J.
(1992). Isolation and localization of the antibiotic gliotoxin produced
by Gliocladium virens from alginate Prill in soil and soilless media.
Phytopathology 82: 230-235.

Park, Y.H.; Kenerley, C.M. and Stack, J.P. (1992). Inoculum dynamics of
Gliocladium virens associated with roots of cotton seedlings.
Microbiol. Ecl. 23: 169-179.

Roberts, D.P. and Lumsden, R.D. (1990). Effect of extracellular metabolites
from Gliocladium virens on germination of sporangia and mycelial
growth of Pythium ultimum. Phytopathology 80: 461-465.

Saracchi, M.; Quaroni, S.; Sardi, P. and Petrolini, B. (1992). Relationships
between S57 Streptomyces sp. and roots and its utilization in the
improvement of crop production. In: Jemsen, D.F. (ed.). New
approaches in biological control of soil-born disease. International
Bragamization for Biological and Integrated Control of Noxious
Animal and Plants. 111-114 p.

Smith, V.L; Wilcox, W.F. and Harman, G.E. (1990). Potential for
biological control of Phytophthora root and crown rots of appie by
Trichoderma and Gliocladium sp. Phytopathology 80: 880-885.

Suslow, T.V. and Schroth, M.N. (1982). Rhizobacteria of sugar bects, effect
of seed application and root colonization on yield. Phytopathology 72:
199-206.

Waksman, S.M. (1957). Soil Microbiology. John and Sons. New York and
London. 253 pp.



22 - El-Kazzaz, M.K. et al.

u.gﬂluaﬂ.dl
oo Ao dalaall clyshill g il Sl pany 8 e Atas i
adolakall Sl cpa Al g nall g &g Al Al ganalt 4y Jadll Cilivuall
dlay pal) JalY g

wauljhy"c&ﬁwd‘d'cjﬂﬁdmm*
Mh&-cﬂ‘ﬁgi&‘_)}“iﬂ&_é‘)_}!l&'ﬂbﬂ\rﬁ“
Gac 30 Eisml S g0 — Al il al Epas dgmn — unil (il el gy i **
| T

Lexand 20 Al Al Slie e 4ok alje VY 54,5 4l f0 Joe &
ol Ualiti el A5 dadudl Jalill y adaladall ity ) gdas Angaell dahaicdl (e
po—ai 3o Jha Jilil 5 Jdalehall il Sl A jeall il phadll an; da el
Saxah ANy ple )1l agfin g (Y g pgs N e (Y e WSS 5 0 5y o sanS
cJililly alalelal) Bl Bl i g J gl (e se

u-ul-\:-\}\ s CJ.\I: L&:J.uj\ t.'..ll._:_).‘n.i]‘ ‘,.ul sl :L\_,_ja.,d\ t.."_:l;s_)ﬁs.ﬁ\ | LN
S e guSY y Pseudomonas  spp. (i\ge sd——un g Bacillus spp. (o ls
Cialr A DA i jeall Gl Hlaill gail ssliiaall <y Hhaill W ¢ detinomycetes spp.
a3iih s s « Gliocladium spp. e 58 sl ¢ Trichoderma spp. ‘a0 Sol 5 (aliad
-Geotrichum spp. §S3 Sisia 3 Paecilomyces sppuspsaita shuis s Myrothecium spp.

Usbige s — 5 p DS gla — 25 M Le 0684 5 O il Casa )
ol aeell aal ) L SHSH U S S pdinaze 935S g il pdiuly g (uie g ol
5 Ao el Cilpsmaall AG30 Zagl U almall CAISH 038 prl ) ALl 5 L Apin el
2 385852 Jagd 138 333y ¢ pine Ayl s pai Ly

Gl abiall aal g 9 Gliotoxin (S i gala (5 gpall Sliaddl jaManud 5
bt (B0 4) S 3y aha g la La g8yl S 55 b o DS pala ( plaill 4
-5 yfidall A jadll DL phaill apea





