Al-Azhar J. Agric. Res., Vol. 37
PP. 73-84, (June), 2003

ANTAGONISTIC EFFECT OF TRICHODERMA VIRIDE
AND ITS COMPATIBILITY WITH FUNGICIDES
ON RHIZOCTONIA SOLANI

M.B. Mahmoud and H.M.S. Khalifa
Plant Protection Department, faculty of Agriculture, Al. Azhar University

ABSTRACT This study was conducted to investigate the
antagonistic action of Trichoderma viride on Rhizoctonia sola-
ni and its compatibility with three fungicides. The three fungi-
cides were triticonazole (sterol biosynthesis inhibitor), azoxys-
trobin (inhibitor of mitochondrial respiration at complex III)
and flutolanil (inhibitor of respiration complex II). The. sensi-
tivity of R. solani and T. viride grown on potato dexu agar
medium (PDA) to the tested fungicides was evaluatcd. 1t was
found that triticonazole and flutolanil inhibited completely the
growth of R solani at concentration of 10 ug/ml, but azoxys-
trobin caused the same results at 100 pg/ml. In view of
T.viride, the fungus was not affected by triticonazole or flutol-
anil, on contrary azoxystrobin affected the fungal growth. The
antagonistic activity of T.viride on growth of R. solani was
greatly influenced by the presence of the tested fungicides in
culture media. The results revealed that the compatibility of tri-
ticonazole or flutolanil with 7. viride increased the suppression
of R. solani growth. On contrary, azoxystrobin did not increase
the antagonistic activity of T. viride against growth of R. sola-
ni. In pot experiments, the application of the tested fungicides
and T. viride controlled the incidence of pre-and post emer-
gence damping off of maize caused by R. solani. Triticonazole
and flutolanil were considered to be the most effective treat-
ments for controlling pre and post emergence damping off at
the rate of 3 or Sg/kg seed. T.viride at 5 x 10° spores/ml great-
ly controlled pre-emergence damping off but it did not suffi-
ciently control post-emergence damping off. The compatibility
of T. viride with only triticonazole or flultolanil controlled pre-
and post-emergence damping off on maize caused by R. solani.
The results indicated that the efficiency of T. viride for control-
ling post-emergence damping off was improved by the addi-
tion of the two fungicides at low rates. Also, it could be con-
cluded that the biocontrol efficiency of the T.viride for
controlling R. solani was enhanced by its compatibility with
low rates of Triticonazole and flutolnil.
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INTRODUCTION

One means of overcoming soil borne fungal pathogens is the use of an
integrated pest management (IPM) system which would include biocontrol
strategies. A component of such strategies might include the use of non-
pathogenic soil borne fungi which secrete low molecular weight, diffusible
antimycotic compounds which inhibit the growth of soil borne pathogenic
fungi (Ahmed & Bakr, 1987; Fravel, 1988 and Handelsman & Parke, 1989).

One strategy is the use of isolates of soil borne rhizophere-competent
fungi Trichoderma spp. antagonistic to soil borne fungal pathogens such as
Rhizoctonia solani Kuhu. (Elad er al., 1983). It has been reported that T. har-
zianum isolates secrete several extracellular enzymes which are potentially
antagonistic to R. solani (Bertagnolli et al, 1996). It was found that T.
harzianum secrete trichoderma (MW = 292) and small peptide (MW=876)
in culture (Bertagnolli er af., 1998). These compounds were antagonistic in
culture to the mycelial growth of R. solani.

Trichoderma species are known to have greater tolerance for broad-
spectrum fungicides than many other soil biota and to colonize the treated
soil more rapidly than other soil competitors (Munnecke, er al., 1981). There
are very few reports available on the positive effects of fungicide use on the
proliferation of Trichoderma species (Papavizas, 1985). It has been reported
that thiram, as a seed treatment fungicide, had a selective etfect on Tricho-
derma spp and Penicillium spp. consistently survived well and multiplied
and controlled damping off of peas caused by Pythium aphanidermatum for
a considerable time after the fungicide reached levels not toxic to the patho-
gen (Richardson, 1954). Interesting non-target effects on 7. harzianum were
also obtained with metalaxyl; the infusion of pea seed with this fungicide
before coating it with conidia of 7. harzianum improved the survival of co-
nidia and even increased it in the rhizophere compared with seeds that re-
ceived conidia only (Papavizas, 1981). It was been reported that T. koningii,
T. harzianum and T. lignorum were compatible with carboxin at 200 and
500 ppm for controlling Ustilago segetum var. tritici. (Mondal er al., 1995).

The present investigation was conducted to test the effect of three fungi-
cides belonging to different mode of actions against pathogenic fungi, i.e.
triticonazole (sterol biosynthesis inhibitors), azoxystrobin (inhibitor of mito-
chondrial respiration at complex III) and flutolanil (inhibitor of respiration
at complex II), for their compatibility with 7. viride against R. solani.

MATERIAL AND METHODS
1. In vitro sensitivity rests

Sensitivity of Rhizoctonia solani and Trichoderma viride grown on pota-
to dextrose agar medium (PDA) to the tested fungicides was evaluated
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according to Frisina and Benson (1988). The fungicides were; triticonazole
{(Premis 10% D.S.), azoxystrobin (Amstar 20% S.C.) and flutolanil (Moncut
25% W.P.). The fungicides were suspended in sterile distilled water then
added to cooled (50°C) PDA medium at concentrations of 0.1, 0.5, 0.8, 1, 5,
10, 50, 100, 200 and 250 pg/ml for each fungicides. Disks (Smm in diame-
ter) of R.solani and T.viride mycelial growth were taken from one week-old
culture grown on PDA, and each one was placed into three replicates of
PDA medium at each fungicide concentration. Radial growth of each repli-
cate was measured after 7 days at 25°C.

2. Effect of Fungicides on Antagonistic Activity

The antagonistic activity of T.viride against R. solani was determined in
fungicides -free or - amended media, according to the method described by
Diab et al. (1990). On disk (5mm) from 7-day old culture of T. viride was
transferred to PDA plates (9cm) containing different concentrations of the
fungicides, i.e. 0.0, 0.1, 0.5, 1.0, 3.0, 5.0, 10.0, 50.0 and 100.0 pg/ml. At the
same time, one disk (Smm) of R. solani was placed on the same plate oppo-
sitely at 5 cm apart from T. viride disk. Three replicates were used for each
concentration and plates with R. solani alone or R. solani with T. viride
without fungicide were used as control treatments. The plates were incubat-
ed at 25°C for 7 days and the inhibition area between R. solani and T. viride
was measured and the inhibition percentage was calculated based on control
treatments.

3. Pot Experiments
A. Preparation of the fungal inoculum:

To obtain the inoculum of R. solani, the fungus was grown at 25°C for
15 days in sterile sand-corn meal medium (250 gm of dry sand, 14 g of corn
meal and 100 ml of distilled water). Portions of this inoculum were mixed
with the sterile clay loamy soil at the rate of 1% (w/w), the infested soil was
distributed in posts (25 cm diameter). The pots were irrigated, using tap wa-
ter and were left for 7 days before sowing to insure the establishment of the
inoculum. '

B. Fungicidal seed and biocontrol treatments:

For seed dressing, 1, 1.5, 2, 3 and 5g fungicide/kg seed of maize (c.v.
Giza hybrid 10) were applied as slurry in distillated water by agitating the
seeds in a glass jar until the seeds were completely covered with the fungi-
cides. Biological control treatments was carried out by adding spore suspen-
sion (10mi/pot) of T. viride, at concentrations of 1, 3, 5 x 10%ml water on
the surface of infested soil.
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The experiments were designed as follows:

1. Fungicide-treated seeds in soil infested with R. solani.

2. Fungicide-free seeds in soil infested with R. solani and T. viride.

3. Fungicide-treated seeds in soil infested with R. solani and T. viride.
4. Fungicide-free seeds in soil infested with R. solani.

S. Fungicide-free seeds in unfested soil.

Each pot was planted with 15 seeds and each treatment was replicated
three times. After 15 and 30 days from the sowing, the efficiency of each
treatment against pre and post-emergence damping off were inspected, also
shoot and root lengths (cm) were assessed. Percentage of control efficiency
(PCE) was determined according to Samoucha and Cohen (1989) by the fol-
lowing equations:

PCE =10 (1-X/Y)
Where : X = Number of diseased plants in treatment.
Y = Number of diseased plants in control.
RESULTS AND DISCUSSION

1. In vitro sensitivity

Results in Table (1) show the efficiency of the tested fungicides against
the growth of R. solani and T. viride. It was found that triticonazole and flu-
tolanil were more potent against R. solani than azoxystrobin. Both triticona-
zole and flutolanil inhibited completely the growth of R. solani at 10 ug/ml,
however, the same effect was achieved by azoxystrobin at 100 pg/ml. This
indicated that inhibitors of sterol biosynthesis (triticonazole) and mitochon-
drial respiration at complex (II) were more fungitoxic to R. solani than in-
hibitor of respiration at complex III (azoxystrobin).

In view of T. viride (Table 1), the fungus was not affected by the tested
fungicides, whereas the fungus could grow up to 250.0 pg/ml of the fungi-
cides. The fungus could grow normally up to 1.0 and 50 pg/ml (9 cm) of tri-
ticonazole and flutolanil, respectively. The fungus seemed to be more affect-
ed by azoxystrobin than the other fungicides. At 250 pg/ml triticonazole,
azoxystrobin and flutolanil at 250 pg/ml reduced growth of T. viride by
44.4, 51.1 and 18.18%, respectively. This indicated that flutolanil was the
least effective fungicide against growth of 7. viride.

Generally, the tested fungicides were more potent to growth of R. solani
than T. viride. These results agreed with Vyas (1993), who suggested that
Trichoderma species have greater tolerance for broad spectrum fungicides

than many other soil biota.
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2. Antagonistic activity :

Results presented in Table (2) showed that the antagonistic activity of T.
viride on growth of R. solani was greatly influenced by the presence of the
tested fungicides in culture media. T. viride suppressed the growth of R. so-
lani by 52.2% in the absence of the fungicides. Triticonazole and flutolanil
at 0.1 pg/ml slightly reduced the antagonism of 7. viride. Interestingly, in-
creasing the concentrations of the both fungicides enhanced the antagonistic
activity. In this respect, it was found that triticonazole and flutolanil at 5 pg/
ml gave 100 and 93.3% inhibition, respectively, compared to 92.2 and
84.4% inhibition of R. solani in the absence of T. viride (Table 1). This indi-
cated that the compatibility of triticonazole or flutolanil with 7. viride in-
creased the suppression of R.solani growth. Alternatively, azoxystrobin did
not increase the antagonistic activity of T. viride against growth of R.solani,
versely, its low concentrations greatly suppressed the action of T. viride.
Azoxystrobin alone at 50 pg/ml gave 81.1% inhibition, and at the same time
T. viride alone inhibited R. solani by 52.2%, but their combination gave
51.1% inhibition of R. solani. Thus, it could be mentioned that compatibility
of T. viride with azoxystrobin reduced the antagonistic action of 7. viride.

3. Pot Experiments :

Results in Table (3) show the application of the tested fungicides at I,
1.5,2,3 and 5 g/Kg seed and T. viride at 1 x 106, 3 x 106, 5 x 10% and 7 x
10% spores/mi to control the incidence of pre-and post emergence damping
off of maize caused by R. solani. The incidence of pre-and post emergence
of untreated maize seeds were 35.3 and 47.9%, respectively with shortage of
the growth of shoot and root. It was found that increasing the rate of the test-
ed fungicides resulted in enhancing their efficiencies against the pathogenic
fungus with increasing the growing plants. Low rates of the fungicides and
T.viride did not sufficiently control the diseases, azoxystrobin at 2 g/kg seed
and T. viride at 3 x 10° spores/ml did not effectively control the incidence of
pre-emergence damping off. Triticonazole and flutolanil were considered to
be the most effective treatments for controlling pre-and post emergence
damping off caused by R.solani. At the rate of 5 g/kg seed they gave 85.72
and 91.15% PCE, respectively. All the fungicides at higher rates markedly
controlled post emergence damping off. Although T. viride at 5 and 7 x 10°
spores/ml greatly controlled pre-emergence damping off, it exhibited low
action against the incidence of post-emergence. This indicated that T.viride
could antagonis R.solani in the early stages of the disease development.
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Regarding the growth parameters, including shoot and root lengths of
maize seedlings, the enhancement of all growth parameters by the fungicidal
treatments was more pronounced at higher rates of fungicides. This incre-
ment was more pronounced using the rate of S5g/kg seed of triticonazole,
azoxystrobin and flutolanil which they increased shoot length up to 22.33,
20.2 and 22.2 c¢m, respectively. Also, this rate of these fungicides (5 g/kg
seed) gave longest root, being 10.8, 9.6 and 10.6 cm, respectively. Concern-
ing T.viride gave longest shoot and root when applied at 7x10® spore/m!
(18.5 and 9.7 cm, respectively).

Results in Table (4) show the influence of the three fungicides, at differ-
ent rates, on the bioprotectant activity of T.viride against the incidence of
pre and post-emergence damping off of maize caunsed by R. solani. The
results indicated that T.viride (5 x 106 spore/ml) + flutolanil (2.5 g/kg seed)
gave a high PCE of pre-and post emergence damping off (95.5 and 95.57%,
respectively). On the other hand, T. viride (3 x 106 spore/ml) + azoxystrobin
(1.5 g/kg seed) gave the lowest PCE of the disease (28.56 and 33.43%, re-
spectively). In the same trend growth parameters, including shoot and root
lengths of maize seedlings, increased when 7. viride at 5 x 10° spore/ml +
flutolanil at 2.5 g/kg seed were (22.5 and 10.4 cm, respectively). However
shoot and root lengths were decreasing when used 7. viride at 3 x 10° spore/
ml + azoxystrobin at 2.5 g/kg seed (9.6 and 6.3 cm, respectively). The re-
sults also indicated that addition of fungicides with T.viride improved the
antagonistic action against post-emergence damping off. From all previous
results it could be concluded that efficiency of T.viride for controlling R. so-
lani and improving the growing plants was increased by the addition of the
fungicides. Increasing the concentration of 7. viride spore suspension
increased the efficiency of the tested fungicides for improving growth
parameéters. Also, it could be concluded that the efficiency of the fungicides
for controlling R. solani and improving the growth of the growing seedling
was increased by the addition of T. viride. Thus this work shows that the bi-
ocontrol strategy which is using throughout integrated pest management
(IPM) could be improved by using fungicides at low rates, especially
flutolanil.

These results agreed with previous works, which indicated that control of
chickpea wilt by 7. harzianum was enhanced by combinating it with carbox-
in at 200 ppm (Kaur and Mukhopadhyay, 1992). Also, combined effect of
lower dose of PCNB and 7. harzianum decreased the inoculum potential of
R. solani and increased disease control of radish (Henis et al., 1978).
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Table (1) : Effect of different concentrations of the tested fungicides on the linear growth of Rhizoctonia selani and

Triclioderma viride grown on PDA medium, after 7 days incubation at 25°C.

——————
. Rhizoctonia solani _____Trichoderma viride ]
Concentrations Tritic 1 Azoxystrobin Flutolanil Triticonazole Azoxystrobin Flutolanil
(pg/m) Linear | Inhibition | Linear | Inhibition | Linear | Inhibition | Livear [ Inhibition | Linear [ Inhibition | Linear [ Inhibition
_growth Y% growth Y% growth % growth % growth % _growth %
0.0 9.0 - 9.0 - 9.0 = 9.0 - 9.0 = 9.0 -
’ 0.1 54 400 6.7 255 6.4 2838 9.0 - 83 77 90 -
05 36 60.0 60 333 45 500 | 90 - 80 W] 9.0 -
0.8 2.8 633 52 422 30 66.6 9.0 - 80 11 9.0 -
) 1.5 833 438 466 23 744 9.0 - 75 16.6 9.0 -
5.0 0.7 922 a1 54.4 14 844 33 7.7 73 18.8 9.0 -
10.0 0.0 100 23 68.8 0.0 100 79 12.2 6.8 244 9.0 -
50.0 0.0 100 1.7 811 0.0 100 70 222 6.4 283 9.0 -
100.0 00 100 0.0 100 0.0 100 6.5 27.7 6.0 333 85 55
200.0 0.0 100 0.0 100 0.0 100 57 36.6 53 41y 80 1.1
250.0 0.0 100 0.0 100 0.0 100 50 444 44 511 73 18.8
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Table (2) : Antagonistic activity of Trichoderma viride on the growth
of Rhizoctonia solani in the presence of differcnt concentrations of the

tested fungicides.

Concentrations | % Antagonistic activity in the presence of fungicides*
(pg/ml) Triticonazole Azoxystrobin Flutolanit
0.0 522 522 522
0.1 46.6 24.4 42.2
Q.5 70.0 333 522
1.0 90.0 36.6 64.4
3.0 92.4 36.6 78.8
5.0 100.0 40.0 933
10.0 - 43.0 100.0
50.0 - 51.1 100.0

100.0 J -~ 56.0 -

* Antagonistic activity was measured as the inhibition activity of 7. viride to growth
of R.solani ’

Table (3) : Efficiency of different rates of the tested fungicides nnd
different ¢ ations of dial ion Trichoderma viride on the

incidence of pre-and post-emergence damping off of maize caused by

Rhizoctonia solani, 15 and 30 days afier sowing, respectively.

Tre; ‘ Efficacy Against (%) Shoot length | Root length
(wke seed) , Pre-emrg Post-emergence (cm) (cm)
damping ofT damping off’
Triticonazole 10 42.86 41,02 8.6 5.3
3 4642 a3 15.4 6.6
2.6 67.86 56.72 17.3 .74
3.6 73.56 86.43 20.0 9.3
5.0 85.72 91.62 ;o223 10.8
Azoxystrobin 1o 28.56 3245 ' 9.3 63
L5 33.82 50.86 NTX 74
2.6 50.86 67.86 16.6 9.1
3.0 67.86 78.82 18.4 9.3
5.0 78.57 83.42 20.2 9.6
Flutolanil 1.0 46.42 4238 9.5 6.5
1.3 57.15 56.46 13.2 6.8
2.0 75.01 68.72 16.1 71
3 85.72 83.72 20.3 9.8
5.0 9115 85.57 222 10.6
*T. viride 1x10¢ 21.42 10.25 10.3 5.1
3x10° 4642 15.38 134 6.5
Sxin® 73.81 17.94 18.3 8.6
Tx19® 75.01 38.46 18.5 9.7
LS.Dat 5% J 10.6 8.3 3.2 24
* spore per ml.

pre- and post emergence damping off of untreatcd muize were 35.3 and 47.9%,
respectively. The shoot and root lengths were 7.2 and 4.8 cm, respectively.
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Table (4) : Effect of compatibility between Trichoderma viride and

three fungicides for controlling pre and post-emergence damping off

of maize cavsed by Rhizoctonia solani, 15 and 30 days after sowing,

respectively.
Treatments Efficacy Against (%) Shoot length{ Root length
(kg seed) Pre-emergence | Post-emergence (em) (cin)
damping off damping off

T.V.(3x10%)  + Triticonazole 1.5g 56.44 48.62 9.1 6.6
+ Triticonazole 2.0g 73.73 71.43 15.6 7.8

+ Triticonazole 2.5g 81.41 86.82 214 9.3

T.V.(5x10%  + Triticonazole 1.5g 64.42 50.86 10.3 7.1
+ Triticonazole 2.0g 75.01 76.28 15.8 7.4

+ Triticonazole 2.5g 93.44 91.44 22.4 10.2

T.V.(3x10% + Azoxystrobin 1.5g 28.56 33.43 6.6 4.2
+ Azoxystrobin 2.0g 33.86 42.86 7.4 5.5

+ Azoxystrobin 2.5g | - 4840 5643 9.6 6.3

T.V.(5x10%) + Azoxystrobin 1.5g 33.82 41.02 6.6 44
+ Azoxystrobin 2.0g 67.86 48.48 8.2 55

+ Azoxystrobin 2.5g 73.56 56.43 10.4 7.8

T.V. 3x10% + Flutolanil 1.5g 62.86 54.43 9.6 6.8
+ Flutolanil 2.0g 73.44 7143 15.8 82

+ Flutolanil 2.5g 86.82 88.43 203 9.8

T.V. (5x10% + Flutolanil 1.5g 73.43 61.43 10.4 7.7
+ Flutolanil 2.0g 84.43 77.53 16.3 8.6
+ Flutolanil 2.5g 95.05 95.57 22.5 | 10.4

LSDat5% | 9.7 8.3 3.6 2.5

* Spore per m!,

pre- and post emergence damping off in untreated maize were 35.3 and 47.9%,

respectively. The shoot and root lengths were 7.2 and 4.8 cm, respectively.
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