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ABSTRACT: This study was conducted to improve the antagonistic ability
of T. hamatum by inducing mutants and mounted in different carriers to
control root rot disease of faba bean. All mutants of T. hamatum were able to
suppress the radial growth of Rhizoctonia solani, Fusarium solani and
Pythium ultimum compared with the wild type in vitro. The survivability of T.
hamatum wild type or mutant (9) at room temperature differed in colony
forming units (cfu) according to the different organic matters or carriers
used. Using preparations of the antagonistic fungus mounted on wheat bran
or sugar can bagasse as well as rice flour supported the maximum colony
forming units (cfu) of T. hamatum wild type or mutant (9). Different organic
matters or carriers used differed in their efficiency for control of damping-off
and root rot of faba bean. Coating faba bean seeds with different powder
formulation of T. hamatum wild type or mutant (9) were more effective than
soil treatment and reduced damping-off and root rot severity index (DSI).
Key words: Faba bean, root rot, biological control, T. hamatum, mutant,
organic matter and carriers.

INTRODUCTION

Biocontrol by implies application of a microbial preparation to either soil,
seed or phyllosphere was used to prevent plant infection by a pathogen
(Cook and Baker, 1983). Chemical pesticides have been used for pest control
in agriculture. Recently, however due biologically based pest management
has become a very important research area (Cook and Baker, 1983; Leathers
et al, 1993). The control of phytopathogens by the introduction of selected
microbial antagonists has been studied widely but has resulted in little
commercial success.

The first requirement for successful biological control is that a highly
effective strain be identified and employed (Pe'er and Chet, 1990; Harman
and Stasz, 1991). Thus the uses of biocontrol agents become important to
integrate with fungicides in plant disease control program in order to reduce
the quantity of fungicide used. The most commonly used biocontrol agent is
Tricoderma spp. (Papavizas and Lumsden, 1980; Papavizas, 1985). However,
available sources for biocontrol are currently inadequate and need further
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improvement. The efficiency of fungal biocontrol agents can be improved by
inducing stable tolerant mutants to the third-generation fungicide that are
routinely used in agriculture. Abd EI-Moity et al. (1982) developed a
Trichoderma strain resistant to iprodione. Similarly, Trichoderma strain
resistant to benomyl for control of Rhizoctonia solani in cotton was
produced by Papavizas et al. (1982). Trichoderma isolates tolerant to
Metataxyl for controlling of Pythium aphanidermatum in sugarbeet, tobacco,
tomato and brinjal have been developed by Mukhopadhyay et al. (1986).
Ahmad and Baker (1987) developed a benomyl tolerant mutant of T.
harzianum which was rhizosphere competent when benomyl was added at 10
ug a.i./ g of soil.

Thereafter, several attemps were made to improve the fungicide tolerance
of fungal biocontrol agents by Mutaition. Ultraviolet (UV) radiation or
alternative exposures to UV and Ethyl methanesulfonate (EMS) were used to
mutagenize the biocontrol fungi, but failed to generate stable tolerant
mutants (Papavizas et al., 1990). Kay and Stewart (1994) isolate iprodione-
tolerant mutants for Chaetomium globosum, T. hariziamm, T. viride and
Trichoderma sp. by mediation of conidia with UV light. They failed to
generate benomyl-tolerant mutants. Salama and Amer (1996) are able to
induce stable mutants to Trichoderma lignorum tolerant to benemyl and
iprodione.

The aim of the present study was to improve the antagonistic ability of T.
hamatum by inducing mutants and mounting in different carriers to control
root rot disease of faba bean.

MATERIALS AND METHODS

Induction of T. hamatum biotypes tolerant to Topsin-M fungicide:

Conidia were produced by growing the wild type strain of T. hamatum on
PDA for 6 days; conidia were removed from the agar surface by pipetting 5
ml of sterile distilled water onto the surface and gently rubbing the surface
with a sterile cotton-tipped applicator. Aqueous suspensions of conidia were
centrifuged twice at high speed and washed in 0.067 M phosphate buffer (pH
7.0). After the second washing, the pellets were re-suspended in 4.0 ml
phosphate buffer. One milliliter of condial suspension was added to a sterile
200 ml erlenmeyer flask and 41.8 ml, of 0.2 M ethyl methane sulfonate (EMS)
in 1.0 ml of 0.067 M phosphate buffer was added to the spore suspension for
a final condial concentration of 2 x 10°/ml. The mixture was incubated at 25°C
in a water-bath shaker (150 rpm). After 1 h of incubation, 2.0 ml of 0.3 M
Na,S,0; was added to the conidial EMS mixtures to denature the mutagen.
Then the procedure for obtaining mutants was used according to Papavizas
et al. (1990).
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Effect of selected mutants on the radial growth of the pathogens:
The procedure used for the antagonistic studies was used to evaluate the
antagonistic studies between the selected mutants and the pathogens.
Radial growth of the pathogens was recorded and the percentage of
reduction in growth was pooled out using the formula:
Reduction% = (Contrl — Treatmen / Control) x 100.

1. Effect of some organic matters on the growth of T. hamatum

wild type and mutant (9):

The most effective mutants in vitro M (9) and the wild type (W.T.) were
used to study the effect of some organic matters on mass production of the
antagonists.

Six different cheap substances of agriculture products namely rice husks,
wheat bran, sugarcane bagasse, saw dust, Farm Yard Manure (FYM) and peat
soil were used for growth and multiplication of the selected antagonists.
Sugarcane bagasse was crushed into small pieces 0.5 - 1 cm long, the
remaining materials were sift through 1mm?mesh. Moisture was adjusted to
50% (w/v) for all substrate. They were packed in polypropylene bags (5009
each) that were sealed and autoclaved for 2 h on two successive days. Each
bag was inoculated with two mycelial disks (9 mm) that were cut from the
periphery of the antagonist's culture grown previously on PDA medium for
three days. The bags were sealed aseptically and incubated at room
temperature under alternating 12 h light and darkness.

One gram of each substrate for each of T. hamatum or Mutant (9) was
drawn aseptically after through mixing 15, 30, 45 and 60 days after
incubation, then successive dilutions were prepared in water and the number
of colony forming units (cfu) were counted using the dilution plate technique
on PDA medium.

2. Effect of different carriers of T.hamatum wild type and mutant (9)
on their survival ability:

The formulations of biocontrol agents are the most important issue for
modern agriculture to minimize the quantities of biocontrol agents required
for field application, the study was conducted to formulate the wild types of
T. hamatum and its mutant (9) to investigate the effect of formulates on their
survival ability under field conditions.

The strains were cultured on PDA plates for 7 days at 25°C. Conidia along
with mycelidl mates were removed from the agar surface by pipetting 5 ml of
sterile distilled water onto the surface and gently rubbing the surface with
sterile cotton tipped applicator, 20 plates were used for each strain and
combined in sterile 250 ml flasks. Conidia of each strain were counted using
haemocytometer and the suspensions were adjusted with distilled water to
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provide the desired concentration of condia to contain about 2 x 1 0° condia
/ml.

The conidial suspension for each strain was incorporated into the
different carriers used namely Rice flour, Talc powder (commercial grade)
and Vermiculite. The spore suspension was mixed with the carriers as follow:
1. Talc powder (50 g) + 25 ml spore suspension + 0.5 gm carboxy methyl

cellulose (CMC).

2. Rice flour (50 g) +40 ml spore suspension + 0.5 gm CMC.
3. Vermiculite (50 g) + 35 ml spore suspension + 0.5 gm CMC.

The contents were homogenized under aseptic conditions in laminar flow;
the contents of each material for each strain were packed in polythene bags
(250 g each), sealed and stored under room temperature.

For studying the survival ability in the carrier, one gram of the carrier was
drawn aseptically at 15, 30, 45 and 60 days after storage. The colony forming
units (cfu) were assessed by serial dilution technique.

Sterilized bags were inoculated with mycelial disks of actively growing
antagonists, 7 bags were inoculated by each particular antagonist. The
inoculated bags were incubated for 15 days until the growth filled the
medium. The multiplied inocula of the antagonist were applied at the rate of
10 g/kg of pot culture soil pre-inoculated with root rot pathogens in 25 cm
diameter pots.

Pots inoculated with or without the pathogen only served as control.
Surface sterilized faba bean seeds cv. G-716 was sown at the rate of 7 seeds
/pot.

3. Effect of Topsin-M induced mutants of T. hamatum alone or

combined with Topsin-M on the pathogens:

The effect of selected Topsin-M induced mutants of T. hamatum as
compared to its wild type strain and the fungicide Topsin-M on disease
severity index was carried out under greenhouse conditions.

The selected mutants and its wild type inoculum were prepared on (sand:
wheat bran medium as indicated before with fungal antagonist's inoculum.
The wild type and selected mutants were applied as follows:

1. Applied to the soil at the rate of 10 g/kg soil and surface sterilized seeds
were sown.

2. Applied to the soil at the same rate and the sown seeds were pre-dressed
with the fungicide Topsin-M at the rate of 2.5 g / kg seeds.

3. Soil without any antagonists and the seeds were pre dressed with the
fungicide Topsin-M at the same rate. Pots inoculated with or without
pathogens alone or pathogens mixture served as control and sown with
only surface sterilized seeds.
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4. Effect of soil treatment with T. hamatum mutant (9) and its

wild type multiplied on organic matters on the pathogens:

The inoculum was multiplied as mentioned earlier on the effect of organic
matters on the growth of T. hamatum. The soil was inoculated by each
particular treatment at the rate of 10 g / kg soil of each particular organic
matter. The inoculated pots were sown by 7 surface sterilized seeds, also
pots inoculated with or without pathogens alone served as control.

5. Effect of seed dressing with T. hamatum and mutant (9)

mounted on different carriers on the pathogens:

The inoculum was prepared as indicated before in studying the effect of
different carriers on the survive ability of T. hamatum under laboratory
conditions. The faba bean seeds were coated by each particular carrier at the
rate of 4 g/kg seeds as slurry. The slurry was prepared by mixing 4 gm of
each particular carrier-based formulation in 25 ml of water. The seeds were
mixed with the slurries each alone, the seeds were then air dried in shadow
for over night, the treated seed were sown (7 seeds per pot) in pathogen
inoculated soil.

6. Effect of soil treatment with T. hamatum and Mutant (9)

mounted on different carriers on the pathogens:

The powder formulations of T. hamatum wild type and mutant (9) were
investigated under greenhouse conditions for their efficacy on root rot
disease incidence of faba bean. The different formulations were incorporated
into potting soil pre-inoculated with individual root rot pathogens. The
particular formula was applied at the rate of 1% (w / w). Pots inoculated or
uninoculated with the pathogen served as control. Surface sterilized faba
bean seeds cultivar G-716 was sown at the rate of 7 seeds per pot. Three
pots were used for each particular treatment.

Disease assessment:
Disease severity index was recorded according to Soleman et al. (1988).

RESULTS:
1. Effect of different mutants of T. hamatum on the radial growth
of the pathogenic fungi:

Results showing the effect of different mutants of T. hamatum on the
radial growth of the pathogenic fungi are presented in Table (1). It is clear
that all these mutants are able to suppress the radial growth of Rhizoctonia
solani, Fusarium solani and Pythium sp. more than the wild type of T.
hamatum.
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Table (1): Effect of different mutants of T. hamatum on the radial growth of R.
solani, F. solani and Pythium sp., the causal organisms of root rot
of faba bean.

Rhizoctonia solani Fusarium solani Pythium sp.
Mutant | R growth | Reductio |R. growth |Reduction|R. growth|Reduction
(mm) n % (mm) % (mm) %
T.hamatu
m (W.T.) 25.0 71.5 28.7 67.5 25.3 71.5
Mutant (1) 23.2 73.5 22.7 74.3 25.0 71.8
Mutant (2) 25.7 70.7 25.3 71.3 27.7 68.8
Mutant (3) 30.7 64.9 24.7 72.0 27.3 69.2
Mutant (4) 26.3 70.0 25.0 71.7 28.7 67.6
Mutant (5) 254 71.1 29.0 67.2 27.3 69.2
Mutant (6) 18.7 78.8 24.7 72.0 27.7 68.8
Mutant (7) 31.5 64.1 25.3 71.3 32.0 63.9
Mutant (8) 28.2 67.8 26.7 69.8 31.0 65.1
Mutant (9) 18.1 79.4 23.3 73.6 25.3 71.5
Control 87.7 88.3 88.7
W.T = wild type of T. hamatum Mutant (5) = EMs -u v - F 25/10
Mutant (1) =EMs -u v - F 10/11 Mutant (6) = EMs - u v - F 50/1
Mutant (2) =EMs -u v - F 25/1 Mutant (7) = EMs - u v - F 50/2
Mutant (3) =EMs -u v - F 25/6 Mutant (8) = EMs - u v - F 50/3
Mutant (4) =EMs -u v - F 25/9 Mutant (9) = EMs - u v - F 50/5

All the 9 UV induced mutants gave more inhibition than the wild type of T.
hamatum. Mutant (1) of T. hamatum showed greater inhibition of the growth
of the three causal organisms (74.3% for Fusarium, 73.5% for Rhizoctonia
and 71.8% for Pythium) than other mutants. Mutant (5) of T. hamatum came in
the second rank for inhibiting the linear growth of Rhizoctonia, while mutant
(9) came in the second rank for inhibiting the linear growth of Fusarium and
Pythium.
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2- Effect of organic matters on the survival of T.hamatum:

Results concerning the effect of different organic matters as a carrier for
T. hamatum (W.T.) are presented in Table (2). It can be concluded that the
survival ability of the antagonistic fungi differed according to the carrier.
Data revealed also that wheat bran substrate supported the maximum colony
forming units (cfu) of T. hamatum followed by sugar cane baggase. On the
other hand, Peat soil followed by farm yard manure substrates inhibited the
cfu of T. hamatum.

Table (2): Effect of different organic matters on the growth and survival
ability of T. hamatum (W.T.) after 15-60 days from inoculations
under room conditions.

Wild type of T.hamatum + cfu of T. hamatum (W.T) /g after inoculations
Organic matter 15days 30 days 45 days 60 days
Farm yard manure (FYM) | 3.0x 10" | 2.3x10° | 20x 10° | 11.2x 10°
Saw dust 40x10" | 3.0x10° | 2.2x 10° | 13.7x 10°
Wheat bran 8.3x 10" | 10.7x10° | 15.0x10° | 19.0 x 10°
Sugar cane baggase 7.7 x 10 9.0x 10° | 14.0x10° | 11.3 x 10°
Rice husks 1.3x 10" | 8.7x10° | 13.7 x10° | 13.3 x 10°
Peat soil 40x10" | 33x10° | 3.2 x10° | 12.3x 10°

3. Effect of organic matters on the survival of Mutant (9) of

T.hamatum:

Data in Table (3) show the effect of different organic matters on the
growth of Mutant (9) of T.hamatum and its survival ability under room
conditions. Results indicate that wheat bran substrate followed by sugar
cane baggase supported the maximum cfu of Mutant (9) of T. hamatum up to
60 days after inoculation. On the contrary, Peat soil and farm yard manure
inhibited the cfu of mutant (9) of T. hamatum up to 60 days after inoculation.
On the contrary, peat soil and farm yard manure inhibited the cfu of mutant
(9) of T. hamatum.

Out of results shown in Tables (2 and 3), it can be concluded that using a
preparation of the antagonistic fungus (T. hamatum) contain wheat bran or
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sugar cane baggase led to more reduction in the growth of root rot fungi of
faba bean.

Table (3): Effect of different organic matters on the growth and survival
ability of Mutant (9) of T. hamatum after 15-60 days from
inoculation under room conditions.

Mutant (9) of T.hamatum cfu of T.hamatum /g after inoculations
+ Organic matter 15 days 30 days 45 days 60 days

Farm yard manure (FYM) | 1.3x10" | 2.3x10° | 4.0 x10° | 16.3x 10°
Saw dust 6.0x 10" | 3.3x10° | 3.1x10° | 10.3x 10°
Wheat bran 6.7x 10" | 11.3x10° | 13.7x 10° | 18.3 x 10°
Sugar cane baggase 6.5 x 10’ 11 x 10° | 12.0x 10° | 19.7 x 10°
Rice husks 50 x 10" | 9.7x10° | 13.7x 10° | 12.3x 10°
Peat soil 20 x 10" | 40x10° | 3.4x10° | 11.7x 10°

Mutant (9) of T. hamatum = EMs - U V - F 50/5.

4. Effect of different carriers on the survival ability of W.T of

T.hamatum:

The effect of different carriers on the survival ability of the wild type of T.
hamatum is presented in Table (4). Results show that the survival ability of
the antagonist (wild type of T. hamatum) differed according to the carrier
substrates. It is evident that using Rice flour as antagonist-carrier promotes
the cfu of the antagonist up to 60 days from inoculation consequently will be
more effective in controlling the pathogens. Talc powder takes the second
rank in this respect. On the other hand, vermiculite as antagonist carrier
inhibits the cfu of the antagonist.
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Table (4): Effect of different carriers on the survival ability of T. hamatum
after 15-60 days from inoculation under room conditions.

cfu of T. hamatum /g after inoculation
T. hamatum (WT) + carrier
15 days 30 days 45 days 60 days
Talc powder 6.3x 10’ | 10.3x 10° | 10.0x10° | 6.5x 10°
Rice flour 8.0x 10" | 11.0x 10° | 12.3x10° | 9.0x 10°
Vermiculite 20x10" | 40x10° | 63x10° | 3.0x10°

5. Effect of different carriers on the survival ability of Mutant (9)
of T.hamatum:

The effect of different carriers on the survival ability of Mutant (9) of T.
hamatum is presented in Table (5). It can be noticed that Rice flour promotes
cfu of Mutant (9) of T. hamatum up to 60 days from inoculation; vice versa
vermiculite substrate as fungal carrier inhibits these cfu.

Table (5): Effect of different carriers on the survival ability of T. hamatum
after 15-60 days from inoculation under room conditions.

Mutant (9) of T. cfu of T. hamatum /gm after inoculation
hamatum + carrier 15 days 30 days 45 days 60 days
Talc powder 5.7 x 10’ 9.0x 10° | 12.7 x10° | 13.0 x 10°
Rice flour 6.3x 10’ | 11.3x10° | 14.0x 10° | 19.0 x 10°
Vermiculite 20x10° | 27x10° | 9.0x10° | 7.2x10°

Mutant (9) of T.hamatum = EMs - U V - F 50/5.

6. Effect of coating seeds with T.hamatum mounted on different

carriers on the damping off of faba bean:

To study the effect of T.hamatum mounted on different carriers on
damping off of faba bean plants, the seeds was coated with the powder
formulation of the different carriers.

367



G. A. Amer and Rania Z. EI-Shennawy

a. Wild type of T. hamatum:

Data presented in Table (6) indicate that in soil infested with R. solani,
coating the seeds with rice flour decreased the damping off (12.3%) followed
by talc powder (14.3%), compared to control (28.6%). In soil infested with F.
solani, coating the seeds with rice flour and vermiculite formations
decreased the damping off (14.3%) followed by talc powder formulation
(18.6%) compared to control (28.6%). In soil infested with Pythium sp.,
coating the seeds with rice flour formulation reduced the clamping off
(10.0%) followed by vermiculite (14.3%) compared to control treatment
(67.1%).

Table (6): Effect of coating seeds with T.hamatum (W.T) mounted on different
carriers on damping off of faba bean plants under greenhouse

conditions.
Rhizoctonia solani Fusarium solani Pythium sp.
W.T.+ carrier Damping- | Survival [ Damping- | Survival | Damping-| Survival
off% % off% % off% %
Talc powder 14.3 85.7 18.6 81.4 18.6 81.4
Rice flour 12.3 87.7 14.3 85.7 10.0 90.0
Vermiculite 18.6 81.4 14.3 85.7 14.3 85.7
Control (infested) 28.6 71.4 28.6 71.4 67.1 32.9
Control (uninfested) 4.3 95.7 10.0 90.0 0.0 100.0

W.T = wild type of T.hamatum.

b. Mutant (9) of T.hamatum:

Data presented in (Table 7) indicate that, in soil infested with R. solani,
coating the seeds with rice flour was the most effective method against the
damping off (8.9%) followed by talc powder and vermiculite (10.0%). In soil
infested with Fusarium solani, coating seeds with rice flour formulation of
Mutant (9) reduced the damping off (18.6%) followed by talc powder or
vermiculite formulations (24.3% for both) compared to the control treatment
(28.6%). In soil infested with Pythium sp., coating the seeds with talc powder
on rice flour formulations of Mutant (9) of T.hamatum reduced the damping
off of faba bean (14.3% for both carriers) followed by vermiculite (18.6%)
compared to the control (67.1%).
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Table (7): Effect of coating seeds with Mutant (9) of T.hamatum mounted on
different carriers on damping off of faba bean plants under
g_jreenhouse conditions.

Rhizoctonia solani Fusarium solani Pythium sp.
Mutant (9) + carrier
. © I Damping- | Survival | Damping- | Survival | Damping | Survival
off% % off% % -0ff% %
Talc powder 10.0 90.0 24.3 75.7 14.3 85.7
Rice flour 8.9 91.1 18.6 81.4 14.3 85.7
Vermiculite 10.0 90.0 24.3 75.7 18.6 81.4
Control (infested) 28.6 71.4 28.6 71.4 67.1 32.9
Control (uninfested) 4.3 95.7 10.0 90.0 0.0 100.0

Mutant (9) = wild type of T.hamatum.

7. Effect of treating soil with T.hamatum mounted on different

carriers on the damping off of faba bean:

To study the effect of powder formulations of T. hamatum on the damping
off of faba bean, the soil was treated with the different powder formulations
of T. hamatum on different carriers.

a. Wild type of T.hamatum:

Data presented in Table (8) indicate that, treating the soil infested with R.
solani, by rice flour formulation reduced the damping off of faba bean plants
(8.6%) and increased the percentage of survived plants (91.4%) followed by
talc powder formulation (14.2% damping off and 85.8% survived plants)
compared to the control Treating the soil infested with Fusarium sp., rice
flour carrier reduced the damping off (12.9%) and increased the survived
plants (87.1%) followed by talc powder formulation (17.1% damping off and
82.9% survived plants).

In soil infested with Pythium sp., treating the soil with rice flour
formulation of T. hamatum reduced the damping off (20.9%) and increased
the survived plants (79.1%) followed by talc powder (damping off 24.3% and
75.7% survived plants).
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Table (8): Effect of treating soil with T. hamatum (W.T) mounted on different
carriers on damping off of faba bean plants under greenhouse

conditions.
T. hamatum (WT) + Rhizoctonia solani Fusarium solani Pythium sp.
carrier Damping- | Survival [ Damping- | Survival | Damping- | Survival

off% % off% % off% %
Talc powder 14.2 85.8 17.1 82.9 243 75.7
Rice flour 8.6 91.4 12.9 87.1 20.9 79.1
Vermiculite 18.6 81.4 18.6 81.4 28.6 71.4
Control (infested) 28.6 71.4 28.6 71.4 67.1 32.9
Control (uninfested) 4.3 95.7 10.0 90.0 0.0 100.0

W.T = wild type of T.hamatum.

b. Mutant (9) of T.hamatum:

Data dealing with the effect of Mutant (9) of T.hamatum mounted on
different carriers on the damping off of faba bean are presented in Table (9).

In soil infested with R. solani, the application of rice flour formulation
decreased the damping off (14.3%) consequently increased the survived
plant (85.7%) followed by talc powder formulation compared to the control.
With F. solani infested soil, the most effective powder formulation in
reducing the damping off was rice flour (12.6%) followed by vermiculite
(14.3%).

Table (9): Effect of treating soil with Mutant (9) of T.hamatum mounted on
different carriers on damping off of faba bean plants under
greenhouse conditions.

Rhizoctonia solani Fusarium solani Pythium sp.
Mutant (9) + carrier 'Bamping- | Survival | Damping- | Survival | Damping | Survival
off% % off% % -0ff% %
Talc powder 14.3 85.7 32.9 67.1 38.6 61.4
Rice flour 14.3 85.7 12.6 87.4 22.9 77.1
Vermiculite 18.6 814 14.3 85.7 24.3 75.7
Control (infested) 28.6 71.4 38.6 61.4 67.1 32.9
Control (uninfested) 4.3 95.7 10.0 90.0 0.0 100.0

Mutant (9) of T. hamatum =EMs - U V - F 50/5
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In soil infested with Pythium sp., rice flour formulation was the most
effective one (22.9%) followed by vermiculite (24.3%) compared to control
(67.1%).

8. Effect of coating seeds with T. hamatum mounted on different carriers on
the root rot of faba bean:

To study the effect of T.hamatum powder formulations on root rot
severity, the seeds were coated with the different carrier's formulations and
sown in pathogens infested soil.

a. Wild type of T. hamatum:

Data presented in Table (10) indicate that the seed coating with the
different powder formulations of the biocontrol agent T.hamatum (W.T.)
reduced the root rot severity in all pathogens infested soil.

Rice flour powder formulation was the most effective one in reducing root
rot. It reduced the disease seventy indexes to 9.8% followed by vermiculite
formulation which gave 15.1% DSI%. Talc powder formulation was the least
effective one in reducing root rot severity (19.9%) compared to the infested
control (66.4% disease severity).

Table (10): Effect of coating seeds with T.hamatum (W.T) mounted on
different carriers on root-rot of faba bean under greenhouse

conditions.
Percentage of disease severity index (DSI %)
W.T+ carrier
R. solani F.solani Pythium sp. | Pooled aver.

Talc powder 19.3 22.2 18.3 19.9
Rice flour 11.7 10.5 7.2 9.8
Vermiculite 16.7 171 11.4 15.1
Control (infested) 58.0 70.2 71.1 66.4
Control (uninfested) 42.0 41.7 41.1 41.6

W.T = wild type = T. hamatum.

b. Mutant (9) of T. hamatum:
The effect of seed coating with Mutant (9) of T. hamatum is shown in Table
(11) resulted a clear reduction in the percentage of disease severity index. In
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all pathogens infested the soil, the most effective one in reducing root rot
was rice flour powder carrier (9.6%) followed by vermiculite (13.6%).

Regarding the pooled average, it is clear that rice flour formulation gave
the lowest percentage of DSI (9.6%), followed by vermiculite carrier (13.6%).
Talc powder carrier gave the highest percentage of DSI (18.4%) compared to
the infested control (66.4%).

Table (11): Effect of coating seeds with mutant (9) of T.hamatum mounted on
different carriers on root-rot of faba bean under greenhouse

conditions.
Percentage of disease severity index (DSI %)
Mutant (9)+ carrier
R. solani F.solani Pythium sp. | Pooled aver.

Talc powder 18.4 22.0 14.8 18.4
Rice flour 9.2 10.3 9.3 9.6
Vermiculite 14.5 16.3 9.9 13.6
Control (infested) 58.0 70.2 71.1 66.4
Control (uninfested) 42.0 41.7 41.1 41.6

Mutant (9) of T. hamatum =EMs - U V - F 50/5

9. Effect of treating soil with T.hamatum mounted on different carriers on the
root rot of faba bean:
The soil was treated with the different powder formulations of T.hamatum
on different carriers.

a. Wild type of T.hamatum:

The results of soil treatment with T.hamatum (W.T.) on the severity of root
rot of faba bean are presented in Table (12).

Data indicate that the application of biocontrol agent formula to the soil
decreased the disease severity in all soil infested pathogens.

Regarding the pooled average of disease severity index of the three
pathogenic fungi, rice flour formulation gave the lowest disease severity
index (7.5%) followed by vermiculite (10.3%). Talc powder formulation came
at the last rank (13.6%) in comparison with infested control treatment
(66.49%).
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Table (12): Effect of treating soil with T. hamatum (W.T) mounted on different
carriers on root-rot of faba bean under g_]reenhouse conditions.

Percentage of disease severity index (DSI %)
W.T+ carrier
R. solani F. solani |Pythium sp.| Pooled aver.

Talc powder 12.5 12.5 15.7 13.6
Rice flour 7.2 8.3 7.1 7.5
Vermiculite 8.8 10.9 111 10.3
Control (infested) 58.0 70.2 71.1 66.4
Control (uninfested) 42.0 41.7 41.1 41.6

W.T.= wild type = T. hamatum.

b. Mutant (9) of T. hamatum:

Data concerning the effect of soil application with Mutant (9) of
T.hamatum on root rot of faba bean are presented in Table (13).

Applying Mutant (9) of T.hamatum to the soil infested with the pathogens
of root rot decreased the disease severity.

Treating the pathogens infested soil with Mutant (9) as biocontrol agent,
decreased root rot severity on faba bean from 66.4 to 8.2% in case of
applying rice flour formulation to the soil. Vermiculite formulation decreased

the disease severity from 66.4 to 9.8%.

Table (13): Effect of treating soil with mutant (9) of T.hamatum mounted on
different carriers on root-rot of faba bean under greenhouse

conditions.

Percentage of disease severity index (DSI %)

Mutant (9)+ carrier
R. solani F. solani |Pythium sp.| Pooled aver.

Talc powder 10.8 11.8 14.8 125
Rice flour 9.2 7.2 8.2 8.2
Vermiculite 7.3 9.9 12.2 9.8
Control (infested) 58.0 70.2 711 66.4
Control (uninfested) 42.0 41.7 41.1 41.6

Mutant (9) of T. hamatum =EMs - U V - F 50/5
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DISCUSSION

In order to obtaining successful biocontrol agent, it may be necessary to
adopt a much broader bases selection and development program that has
been used in the past. Selection of antagonists must be related to inoculum
production, formulation, storage and application procedures.

Biological control agents are known to be less effective and more
inconsistent than chemical pesticides and these short-comings have been
attributed to the failure of the inoculants to become established and / or to
express antagonism in soil or phyllosphere (Powell, 1992; Hagedorn, et al.,
1993). Formulation may enhance the shelf-life of biocontrol agents by
providing physical protection from adverse edaphic conditions. Commercial
preparation of biocontrol agents must be stable, possess adequate shelf-life
for at least one year but more practically 18-24 months, to be successfully
integrated into existing agricultural products distribution systems, contain
high levels of antagonist colony forming units, be easy to prepare and apply
and be cost effective (Lewis, 1991; Amer and Utkhede, 2000). The formulation
must also provide the effective performance of the biocontrol agent once
applied to the field.

The biological control of plant pathogens is limited by problems
associated which formulating biocontrol agents for particular crop system
(Lumsden and Lewis, 1989). With field crops, seed treatment with biocontrol
fungi or bacteria appears to be the most possible method for soilborne
diseases .Root dips with suspension of bacteria or fungi offer protection of
shrubs or seedling against soil borne pathogens.

Diatomaceous earth granules saturated with molasses was inoculated
with T. harzianum (Backman and Rodriguez-Kabana, 1975) to improve
survivability in soil. The spores adsorbed in the granules survived better due
to the nutrients supplied by molasses. Chet (1987) used 1:1 mixture of wheat
bran and peat to improve survivability of Trichoderma sp. propagules in the
soil (Amer and El-Desouky, 1999).

Experimental powder formulations have been successfully prepared by
diluting biomass of isolates of Trichoderma and Gliocladium spp. with
commercially available pyrophylite clay (Pyrax) as a carrier (Papavizas et al.
1984; Papavizas and Lewis, 1989). Fungal spores and biomass preparations
also have been formulated into pastes, tablets and fluid-drill gels. Other
kinds of formulations, such as dusts, wettable powders, pellets or
emulsifiable liquids have been developed as the end products from liquid
fermentation.

Lewis et al. (1996) formulated G. virens and Trichoderma sp. in extruded
granular formulations using rice flour, gluten Pyrex, vermiculite, canola oil,
for control of R. solani in soil less mix under greenhouse conditions. Lewis
and Larkin (1997) formulated Cladorrhinum foecundissimum in forms of
alginate prill and extruded flour/clay granules to cotrol damping-off disease
caused by R. solani and P. ultimum.
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The most extensively and successfully used material is alginate. Lewis
and Papavizas (1985) encapsulated Trichoderma and Gliocladium spp. in
alginate-wheat bran mixture. Conidia, chlamydospores or fermentation
biomass were mixed in 1% sodium alginate solution and added into a 2-5%
calcium chloride solution to form pellets which collected and dried for use as
biofungicide. The shelf-life of the product was not satisfactory showing low
cell viability (10%) after 6 months at 25°C. An alginate prill formulation of G.
virens registered as Glio Gard was used to control R. solani and P. ultimum
(Connik et al. 1990).

Formulation may be either liquid or dry (wettable powder, dry flowable,
granular). Dry formulations generally utilize carriers in which the inoculums
absorbed. The choice of carriers is critical to the performance of the
inoculum as carriers are necessary to ensure adequate dispersal and
protection to biocontrol agent.
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