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ABSTRACT

Three Ilaboratory experiments were done in order to assess the
etlectiveness of bhoth most commonly used fungicides and Trichoderma
isolates against pathogenic Fusarium Spp., as well as the interaction between
fungicides and Trichoderma isolates. In the first one: Eighteen of commonly
used fungicides as chemical control for Fusarium diseases (thiabendazoie,
*hiophanate-methy1, imazalil, monceren, carboxin, vitavax-200, vitavax-300,
“aptan,  tolclofos-methyli, irtadimefon, penconazole,  propiconazole,
hexaconazole, mancozeb, ridomil MZ, ridomil plus, iprodione and homai)
were evaluated against eight species of Fusarium which cause Fusarium
diseases of different legumes (Fusarium oxysporum f.sp. phaseoli, F solani
Jsp.phaseoli from bean seeds "F1, F2" K oxysporum Fsp lupini,  F solani
fsp.upini from lupine seeds "F3, F4"; F oxysporum J.sp ciceris, F solani
J.5p ciceris from chickpea seeds "F5, F6" and F monliforme, F. sofari from
cowpea sceds "F7, F8"). The results in this part showed that Imazalil was
extremely highly effective fungicide since the ECsy values for all tested
Fusarium species were ranged from less than 0.1 pg mli'! to 0.22 pg ml.
Thiabendazole, homai, and thiophanate-methyl were highly effective
fungicides with ECs, values less than 10pg mi” (0.03 png mi' for
thiabendazole against F2 and 6.05 ug ml™ for homa agamnst {7), and
sencrally we can arrange the eight species of Fusarium according to their
sensitivity to the tested fungicides in ascending order as follows: F1, F8, F4,
F2, F6, F5, F3, and F7. In the second part of work: efficacy of biclogical
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antagonists was studied by using twenty four isolates of Trichoderma
against the eight species of Fusarium, and we found that most of the
Trichoderma isolates had antagonistic effect against most of the tested
Fusarium species. Finally we examined the most effective tested fungicides
against the most antagonists of Trichoderma against Fusarium species. The
data revealed that most of Trichoderma isolates are insensitive (tolerant)
wan fungi of Fusarium spp. 0 sl the tested fungicides. Imazalii was the
most suitable fungicide because it was highly effective fungicide against
Fusarium species {pathogenic fungi), while the Trichoderma (non
pathogenic fungi) are insensitive to it without any exceptions, followed by

thiabendazole with only one exception.

Keywords: Fusarium species, Fungicides, Trichoderma  isolates,
Antagonistic activity.

INTRODUCTION

Seeds of bean (Phaseolus vulgaris L.), cowpea (Vigna sinensis ErdD),
chickpea (Cicer arientinumL) and lupine (Lupinus termis L) remain as
important part of diet for both humans and animals in Egypt.

Different fungal species were reported as seed borne pathogens on
legumes which causes different types of diseases and the major type of these
pathogens is Fusarium i.e. Fusarium oxysporum [ sp. lupini (Morkunas et dl.,
2004 & Morkunas et al., 2005), Fusarium acutatum {Gopalakrishnan efdl,
2005), Fusarium oxysporum f.sp ciceris (Kaur and Mukhopadhyay, 1992
Hervas etal., 1998 and Cho and Muchlbauer, 2004) and Fusarium solani
fsp. phaseoli ( Estevez et al., 2001).

Trichoderma spp. as T harzianum and T. Viride are filamentous soil
fungi and thev are present in substantial numbers in nearly all agricultural
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soil. Their mycoparasitism involves a complementary action of antibiosis,
nutrient competition and cell wall degradion of the target fungi (Viterbo ef
al., 2001). Trichoderma have been investigated extensively as bio-control
agent of several plant pathogenic fungi especially Fusarium spp. in vitro and
invivo in legumes as chickpea (Kaur and Mukhopadhyay, 1992); cowpea
{Ushamalini et ai., 1997) and bean (Estevez et al., 2001).

We realize that in virro screening with our arbitrary rating system for
integrated control including chemical control with fungicides and biological
effective antagonists against soil borne plant pathogens especially Fusarium
spp. is a simplistic approach to understanding a small sector for integrated
control systems in disease control. So this research armed to tind out one or
more fungicide possess high potential fungicidal property against the
pathogenic fungi (Fusarium spp.) meanwhile the non-pathogenic fungi
(Trichoderma spp.) is insensitive or tolerant toward them.

MATERIALS AND METHODS

1- Source of isolates
a- Fungi

The tested eight species of fungi were isolated, puritied and then
identified in the Department of Plant Pathology, Faculty of Agriculture,
Alexandria University, Egypt and in Agriculture Research Center, Ministry
of Agriculture, Cairo, Egypt as follow: F1: Fusarium oxysporum
fspphaseoli and F2: Fusarium solani Jfsp. phaseoli from bean seeds, F3.
Fusarium oxysporum fsp. lupini and F4: Fusarium solani Ssp lupini from
lupine seeds, F5: Fusarium oxysporum fsp ciceris and F6: Fusarium
solani fsp ciceris from chickpea seeds, F7: Fusarium monliforme and F§:
Fusarium solani from cowpea seeds.
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b- Trichoderma
Trichoderma isolates were isolated from diseased plants as follow:

isolates No. 1 to 6 from bean, 7 to 13 from Jupine, 14 to 21 from chickpea
and isolates No. 22 to 24 from cowpea.

2- Fungicides used
Eighteen different commonly used fungicides are: thiabendazole.

thiophanate-methy!l. imazalil, monceren, carboxin, vitavax-200, vitavax-300,
captan, tolclofos-methyl, triadimefon, penconazole, propiconazole,
hexaconazole, mancozeb, ridomil MZ, ridomil plus, iprodione and homai.

3- Antifungal assay
a- against Fusarium spp

The antifungal activity of eighteen common fungicides against eight
species of Fusarium was tested using the radial growth technique method
(Zambonelli ef al., 1996). Appropriate volumes of the stock solutions of the
tested fungicides were added to molten potato dextrose agar (PDA) media to
obtain a range of concentrations (0.1, 1, 5, 10, 100, 1000 pg ml'])
immediately before pouring into the Petri dishes (9.0 cm diameter) at 40-45
°C. Each concentration was tested in triplicate and all the experiment was
repeated twice. The discs of mycelial felt (0.5 cm diameter) of the tesied
pathogenic fungi, (eight species of Fusarium) or non-pathogenic fungi (four
isolates of Trichoderma) taken from 8-day-old cultures on PDA plates, were
transferred aseptically to the centre of Petri dishes. The treatments were
incubated at 25 °C in the dark. Colony growth diameter was measured after
the fungal growth in the control treatments (without any fungicides) had
completely covered the Petri dishes. Percentage of mycelial growth
inhibition was calculated from the formula: Mycelial growth inhibition =
[{(DC-DT) /DC] x 100 (Pandey ef al., 1982), where DC and DT are average
diameters of fungal colony of control and treatment, respectively. The
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concentration of the fungicide that inhibiting the mycelial growth by 50 ¢
(ECsp), was determined by a linear regression method, (Finney, 1971,

b- against Trichoderma isolates

The most effective fungicides (ﬂﬁabendazolc, thiophanate-mcthyi,
imazalil, vitavax-200 and homai) were evalyated against four Trichoderma
isolates (the most antagonistic isolates "one for each plant"; T, T12, T1y

valculated and the relative effectiveness wag ¢xpressed as toicrance or
insensitivity. Thig parameter {tolerance or Sensitivity) was estimated by
dividing the ECsp of fungicide against Trichoderma over ECsq of fungicide
against fungi,

4- Antagonistic activity

Inocula of antagonists and tested fingi were plated on the opposite sides on
the surface of MEA medium and incubated at 25 - 27 °C. Five replicates per
gach treatment were prepared. Degree of antagonism was scored according
0 Bell etal, (1982) using 2 scale from | ~ 5 classes as the following;
classl: Trichoderma completely overgrew the pathogen and covered the
entire medium surface, class 2: Trichoderma overgrew at least two ~ thirds
of medium surface, class 3: Trichoderma and the pathogen each colonized
approxmmately one — half of the medium surface (more than one — third and
less than two — thirds) and neijther Organism appeared to dominate the other,
class4: The pathogen colonized at least two ~ thirds of the medium surface
and appeared to withstand encroachment by Trichederma, and class 5: the
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RESULTS AND DISCUSSIONS

Fungicidal activity against Fusarium spp.

The activities of the tested fungicides in terms of radial growth
inhibition are summarized in Table (1). Imazalil is extremely highly
effective fungicide since the ECsg values of it against all tested species of
Fusarium was less than ipg ml™" and these values ranged from less than
0.1pg ml™ to 0.22 pg ml”. Thiabendazole, homai, and thiophanate methyl
were hnighly effective fungicides and arranged after imazalil in their
effectiveness with ECspless than 10 pg ml™ {0.03 pg ml” for thiabendazole
against F2 and 6.05pg mi* for homai against F7). This result is in
agreement with the finding of Ilyas eral, {1992) who found that

Thiophanate-methy] was effective against Fusarium oxysporum f.sp ciceris.

Triazole fungicides include propiconazole, hexaconazole and
penconazole were ranged from extremely highly effective to effective
and 33.21pg mi™ for propiconazole against F7, concerning to the activity of
propiconazole against Fusarium spp. of chickpea. The obtained data are
coincide with Ilyas ef al., {1992). Triadimefon as triazole fungicide arrange
in the order thirteen in the effectiveness since the ECsy value reached to
more than 1000pg ml™' in most cases except against Fusarium solani of
cowpea (F8) it was 0.91ug ml'. The formula of carboxin with captan
(vitavax-300) and thiram (vitavax-200) were moderately effective
fungicides (ECso values <100pg ml" in most cases) while carboxin alone
was non effective fungicide with ECso value reached to > 1000pg ml " in
many cases, and this was ihe same which found by Estevez ef al, (2001)
using captan and vitavax-200 against Fusarium solani fsp. phaseoli. We can
arrange the remaining fungicides according to their effectiveness in
descending order as follow: iprodione, ridomil plus, mancozeb, monceren,
tolclofos-methyl, ridomil MZ and captan, Qur data for Tolclofos-methyi is
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in-contrast with the finding of Ilyas et al., (1992). Also, from Table (1), we
can arranpe the eight species of Fusarium according to their sensitivity to
the tested fungicides in ascending order as follow: F1, F8, F4, F2, Fé, F5,
i3, and F7. The obtained results are supported by many researches of many
authors who used our fungicides against another Fusarium spp.
Buchvarova ef al, 1989; Champawat and Pathak, 1991; Gopinath and
Shetty, 1992; Yuksa et al., 1994; Allen, ef al., 2004 and Raja et al., 2004).

Antagonistic activity

nicractions between isolates of Trichoderma and Fusarium species
were recorded (Table 2). Antagonism was not apparent against F2 and F1
‘rating > 3). only 50 % of Trichoderma isolates had a high level of
antagonism {rating < 2). Hundred percentages of isolates of Trichoderma
were antagonistic against F4 and 57 % against F3 and the remaining isolates
rated >3. One hundred percent and 37.5 % of Trichoderma isolates appeared
to be antagonistic against F6 and F5, respectively. Only one 1solate of
Trichoderma was non antagomistic against F8, but the remaining isolates
‘vere antagonistic to F8 and F7. Concerning 1o the antagonistic activity of
Trichoderma isolates, our data are supported by Thangavelu et al., {2004)
~ho found that Trichoderma harzianum was effective in inhibiting the
srowth of Fusarium inviro, Estevez etal., (2001) who found that
“vichoderma harzianum was cffective against  Fusarium solani fsp.
shaseoli; Hervas eral, (1998) showed that Trichoderma harzianum
effectively suppress wilt disease of chickpea caused by Fusarium
oxysporum fsp. ciceris and Kaur and Mukhopadyay (1992) who
demonstrated that the chickpea wilt complex caused by several soil borne
fungi including Fusarium oxysporum f.sp. ciceris was effectively controlled

ny Trichoderma harzianum.
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Table (2): Effectiveness of Trichoderma isolates against Fusarium species.

Trichoderma Fl F2 F3 F4 F5 F6 F7 F3
isolates
Tl Class 3 Class 3 - - - - - -
T2 Class 3 Class 3 - - - - - -
T3 Class 3 Class 3 - - - = c -
T4 Class 2 (lass 3 - - - - - -
T5 Classt Chfls3 - - - - - -
Té Classl  Class 3 - - - - - -
T - . Class2  Class 2 - - - -
TS - - Class3  Class2 e e = -
T9 - - Class 2 Class 2 - s C &
T10 - - Tlass 2 Class 2 - = e .
Til - - Class3  Class 2 - - e -
Ti12 - - Class 1 Class 2 - = - -
T3 - - Class 3 Class 2 - . > =
T4 S - - - Class3  {lass 1 - -
T15 - - - - Class 2 Class i = .
Ti6 - - - - Class3  Class | - -
T17 P - - - Class 2 (lass 1 . -
T18 - - - - Class 1 Class | - -
T19 “ . - S Class 3 Class 1 - -
T20 - - - - Class 3 Class 1 - -
T21 - - - - Class3  Class2 - - -
T22 - . - - = s Class 2 Class 1
T23 - 5 = = = - Class2  Class 3
T24 - - - - - - Class 2 Class 2
FL: Fusarium oxysporum fsp. phaseoli {Bean) T1 - T6 : Trichoderma isolated from diseased bean
F2: Fusarium solani fsp. phaseoli (Bean) T7 ~T13: Trichoderma isolated from diseased lupine
E3: Fusarium oxysporum f.sp. tupini (Lupine) T14 - T21: Trichoderma isofated from diseased chickpea
F4: Fusarium solani f.sp. tupini (Lupine) T22 - T24: Trichoderma isolated from diseased cowpea

F3: Fusarivm oxysporum fsp. ciceris (Chickpea)
Fb6' Fusarium solani fsp. ciceris (C hickpea)

F7: Fusarium moniliforme {Cowpea)

F8: Fusarium solani (Cowpea)

Class 1: Trichoderma compeletely overgrew the pathogen and covered the entire medium surface
Class 2; Trichoderma overgrew at least two — thirds of medium surface
Class 3; Trichederma and the pathogen each colonized approximately one — half of the medium surface

{morc than one - third and less than two — thirds) and neither organisat appeared to dominate the other
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Effectiveness of the fungicides against trichoderma isolates

The effect of the most effective fungicides against the eight Fusarium
species, (thiabendazole, thiophanate-methyl, imazalil, vitavax-200 and
homai) are examined against four isolates of Trichoderma (the most
antagonistic isolates of Trichoderma "one for each plant ": T5, T12, T18 and
T22) using radial growth technique. The obtained data expressed as ECs
are shown in Table 3. From the obtained data, it was found that most of
Trichoderma isolates are insensitive {tolerant) than Fusarium spp. to all the
tested fungicides. The values of tolerance or insensitivity are shown is Table
(4). The insensitivity ranged from 1.41 io 81 for T1; 1.65 to 17.2 for 12,
224 to 18.15 for T3 and 1.15 to 7.36 for T4. From Tabie (4), we

can conclude that imazalil is the most suitable fungicide because it is highly

Table (3): Effectiveness of certain fungicides against some Trichoderma

isolates
“Th Tl Teh Te
Fungicides ECs0 {ug ml')

Thiabendazole 2.43 2.37 8.53 1.62
Thiophanate-methyl 2.66 2.1 1.07 5.13
Imazalil 192 1.78 3.02 0.65
Vitavax 200 4,32 18.95 11.16 5.78
Homai 1.74 1.21 1.97 1.80

Tb (T5) : Trichoderma isolated from bean
TI{T12) : Trichoderma isolated from lupine
Tch (T18): Trichoderma isolated from chickpea
Tc (T22) : Trichoderma isolated from cowpea
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Table (4): Insensitivity (Tolerance) of Trichoderma isolates to fungicides
(comparing with Fusarium)

tungicides To/FI Tb/F2  TIF3 TIF4 Tch/FS  Teh/Fé Te/F7 Te/F§

Thiabendazole 1.54 8100 165 539 2.24 1B.15 080 7.36
Thiophanate-m 1.09 0.76 1.88 082 0.23 2.06 1.54 1i5

Imazalil 1920 1920 1271 1720 17.76 13.73 6.50 6.50
Vitavax 200 1.41 470 224 12.8 0.88 5.29 (.45 4.38
Homai .71 2.26 0.58 095 0.62 4.10 0.30 0.51

T(b.i.chc): ECqq (ng miI™') of fungicides against Trichodera isolates
F(1.2,3,4,5,6,7.8) ECy, (ug mI"") of fungicides against Fusarium species

effective fungicide against Fusarium species (pathogenic fungi) and the four
Trichoderma (non pathogenic fungi) are insensitive to it without any
exceptions, followed by thiabendazole which had one exception. The data of
this point are in agreement with Montealegre and Henriquez (1990); Kay
and Stewart (1994) and Figueras ef al., (1996).
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