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ABSTRACT: Effect of atrazine and oxadiargy| herbicides
on the antagonistic activity of Trichoderma harzignum against
Rhizoctonia solani was studied in vitro and in vivo. Trichoder-
ma harzianum was able to grow well on PDA medium supple-
mented with atrazine up to 10ug/ml, where as 200pg/ml of this
herbicide caused 52.2% reduction of colony growth of
T harzianum. At the same time, this concentration reduced the
growth of Rhizoctonia solani by 28.8%. Both fungi were able
to grow normally on PDA amended with oxadiargyl up to 100
pe/ml. Concentration of 200LLg/ml of this herbicide caused 7.7
and 13.3% reduction of T harzianum and R.solani, respective-
ly. Results of antagonistic activity of T.harzianum in the pres-
ence of herbicides indicated that low concentrations of herbi-
cides did not affect the antagonistic effect against R.solani; 10
Hg/ml in PDA of any herbicide enhanced the antagonistic ac-
tivity of T.harzianum. Gradual, increase the concentrations of
the herbicides in PDA, gradually declined the antagonistic ac-
tion of T.harzianum against R.solani. Oxadiargyl was more el-
fective than atrazine, whereas 200ng/ml of atrazine or oxadi-
argyl decreased the antagonistic activity of T.harzianum by 20
and 10%, respectively, fn vive studies showed that using atra-
zine at 500, 750 and 1000g/fed., and oxadiargyl, at 66.4, 68.4
and 106.4 g/ted did not control R.solani on maize as shown by
the percentage of emerged scedlings. Presence of T.harzianum
in soil infested with R.solani controlled the pathogen and
increased the emerged seedlings, and also increased the shoot
and root growth of maize scedlings. Soil treated with low rates
of the herbicides did not markedly affect the bioprotectant ac-
tivity of T harzianum. On contrary, the highest rate of the her-
bicides decreased the bioprotecant activity as indicated by the
percentage of emerged secdlings and plant growth parameters.
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INTRODUCTION

Biological agents have been used for controlling plant diseases and sev-
eral authors suggested their beneficial effects in controlling various patho-
gens. Diab er al. (1990) reported that Trichoderma harzignum inhibited the
growth of Rhizoctonia solani and Fusarium solani on PDA medium. They
also found that seed treatment or soil infestation with Trichoderm harzianum
caused a high significant reduction in pre-and post- emergence damping-off
and increased the survival of pea plants. They added that T harzianum in
combination with root rot pathogens has a great effect on improving plant
survival. Yieldz (1993) found that Trichoderma spp. may be applied either
as seed coat or as wheat bran preparaﬁon by mixing inocula with the soil to
contro] soilborne pathogens. Knudsen et al. (1995) reported that Trichoder-
ma spp. were active as seed treatment o control the seed and soilborne fungi
(Fusarium culmorm and Cochliobolus sativus). Ninq et al. (1998) reported
that the seed borne pathogenic fungus, Bipolaris (Cochliobolus) supp, of
Bermuda grass was controlled by coating seed with a conidial suspension
(107 spare /ml) of Trichoderma sp. isolate and this resulted in better seed
germination. However a spore concentration of Trichoderma sp. lower than

(107 spore/ml) did not protect the seed from infection.

Effect of herbicides on plant pathogenic fungi may lead up to increase,
decrease or no affect the incidence of plant diseases, depending on the fun-
gus and the type of herbicide. Altman and Ross (1967) reported that the inci-
dence of sugarbeet seedling damping - off caused by Rhizocronia solani was
increased in steamed and field soils treated with pebulate and PCA (Pyra-
min), Smiley and Wilkins (1992) found that wheat seedlings in chlorsulfu-
ron - treated soil which was previously infested with Rhizoctonai solani,
showed more severe root rot and reduced growth than those grown in un-
treated soil. Kawate et al. (1997) recorded that peas planted in soil where
gither downy brome or henbit had been treated with the herbicide glypho-
sate could be exposed to higher populations of Fusarium solani f.sp.pisi and
Pythivm ultimum.
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Rodriguez-Kabana er al. (1966} found that the total mycelial dry weight
of Rhizoctonai solani was considerably less in atrazine treatment than in the
check. They found a positive relation between herbicidal concentration and
the degree ol yiowth inhibition. Cole and Baston (1975) reported that diphe-
namid reduced growth of Rhizoctonia solani and Pythium incidence of pre-
emergence damping-off of tomato seedlings. Nowak and Michalcewicz
(1995) studied the effects of two herbicides, 1.e. Dicuran 80 WP and Dosmix
on three fungal species, i.e. Trichoderma viride Pers ex Gray, Trichocladium
aspemrri Harz and Fusarium athrosporoides Sherb. They observed that the
rate of a colony diameter growth during incubation was limited by the two
herbicides and the growth rate was decreased with increasing herbicidal
dose in all the tested fungi.

The present study aims at investigating the effect of some herbicidal
treatments on the bioprotectant activity of Trichoderma harzianum.

MATERIALS AND METHODS

The effect of two herbicides, i.e.: Gesaprim [80% atrazine, W.P.: 6-
chloro-N%-  ethyl-N* isopropyl -1,3,5-triazine-2,4-diamine] and Topstar
[80% oxadiargyl, W.G.:  S-tert-butyl-3- (2 4-dichloro-5-propargyloxy-
phenyl)- 1,3,4-oxadiazol-2-(3H)-one] on two fungi used in this study, i.e.:
Trichoderma harzianum and Rhizoctonaia solani was investigated in vitro
and in vivo '

Invitro test:

Aqueous stock solutions or suspensions of each herbicide were prepared,
and 0.1 ml was added to autoclaved PDA medium cooled for 50°C to obtain
various concentrations, i.e. 0.0, 1.0, 5.0, 10.0, 50.0, 100.0, 150.0 and 200.0
Hg a.i/ml for each herbicide. The herbicide free treatments received the
same quantity of water equivalent to the used in the herbicide treatments.
After throughly mixing, herbicide - amended PDA was dispended into 9-cm
petri plates. Discs of PDA bearing fungal growth 4 mm in diameter were cut
from the growing edge of cultures representing each fungus (7 day - old cul-
ture) and were placed, each, in the center of each plate. Each fungus - herbi-
cide combination was replicated three times. Radial growth of each replicate
was measured after 7 days incubation at 25°C, and percent inhibition of ra-
dial growth for each fungus-herbicide combination was calculated.
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Antagonistic activity:

The antagonistic activity of Trichoderma harzianum against Rhizoctonia
solani was determined in herbicides amended media, according to the meth-
od described by Diab er al. (1990).0One disc (5Smm) from 7-days old culture
of T.harzianum was transferred to PDA plates (9cm). At the same time,
one disc (Smm) of R.solani was placed on the same plate oppositely at 5 cm
apart from T.harzianum disc. Three replicates were used for each concentra-
tion and the mention before plates with R.solani alone or R.solani with
T.harzianum without herbicide were used as control treatments, The plates
were incubated at 25°C for 7 days and the inhibition area between R.solani
and T harzianum was measured and the inhibition percentage was calculated

based on control treatments.
Pot experiment:
The experiment was designed as follows:

1- Soil treated with the herbicide 7 days after infestation with Rhizoctonia

solani

2- Soil treated with the herbicide 7 days after infestation with Trichoderma

1

harzianum and R.solani.
3- Herbicides - free soil infested with R.selani and T.harzianum.
4- Herbicides - free soil infested with R.solani.
5- Herbicides - free soil without fungal infestation .
A- Preparation of the fungal inoculum:

To obtain the moculum of each ot R.solani and T.harzianum, the fungi
were grown at 25°C for |5 days in sterile sand - cornmeal medium (250gm
of dry sand, l4gm of cornmeal, 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) for cach fungus. The infested soil was distributed in pots (12 cm di-
ameter). The pots were irrigated, using tap water and were left for 7 days to

insure the establishment of inoculum.
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B- Planting and soil treatments:

The pots were planted with maize seeds (Zea mays L., c.v. Giza hybrid
10), 10 seed:  zr each pot. The pots were sprayed with 10 ml containing the
desired rate, i.e. 500, 750, 1000g/fed for atrazine and 66.4, 86.4 and 106 4 g/
fed for oxadiargyl. Each treatment was replicated three times. After 21 days
the emerged seedlings were recorded and the percentage of emergence was
calculated based on control treatments and the means of shoots and roots

lengths (cm) were taken into consideration
RESULTS and DISCUSSION

Results in Table (1} indicate that atrazine at | and 5tg a.i. /ml did not af-
fect the growth of R.solani, but at 10ug a.i/, it reduced the fungal growth by
3.3%. The high reduction was observed at 200pg a.i./ml (28.8%). Although
atrazine did not affect the growth of T.harzianum up to 10Ug a.i/ml, it was
potent at higher concentrations, at 200uLg a.i./ml, it caused 52.2% inhibition.
Thus, it could be mentioned that T.Aarzianum is more sensitive to atrazine
than R.solani. On the other hand, oxadiargyl did not exhibit any fungitoxic
eifect to both fungi up to 100ug a.i./ml. At the higher concentration (200ug/
ml) of this herbicide some reduction of the fungal growth was found.

Table (I): Effect of different coneentrations (pg a.i/ml) of atrazine

and oxadlargyl the growth of Rhizoctonin solani and Trichoderma

farzianum,
Concentrations % Growth inhibition
(.P ¢ i /mi) Atrazine Oxadiargyl
Rsolani | Tharzianum | Rsclani |\ T harzianum
1 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0
— 10 33 0.0 0.0 0.0
50 11.1 17.7 0.0 0.0
100 l6.6 30.0 0.0 0.0
150 222 38.8 8.8 5.5
200 28.8 522 13.3 7.7
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Effect of the herbicides on the antagonistic activity of T.harzianum
a} In vitro rest:

Results presented in Table (2) show that the antagonistic activity of
T.harzianum on the growth of R.solani was greatly influenced by the pres-
ence of atrazine and oxadiargyl in culture medium. T harzianum suppressed
the growth of R. solani 62.2% in the absence of the herbicides. At 1 pg a.i/
ml, atrazime and oxadiargyl the antagomstic activity of T.harzianum was not
greatly affect. However, both herbicides at 5 and 10pug a.i/ml increased the
antagonistic activity. At 10ug a.i./ml the antagonistic activity reached 76.6
and 77.7% for atrazine and oxadiagrayl, respectively. Gradual, increasing
the concentrations of the herbicides resulted in a great reduction in the an-

tagonistic activity of T.harzianum against R.solani.

Table (2): Antagonistic activity of Trichoderma harzianum on the
growth of Rhizoctonia seleni  in the presence of different

concentrations of two herbicides.

Concentratiofﬁgonistic activity in the
herbicides (pg a.i./ml) presence of herbicides™
| Atrazine | Oxadiargyl |
! 64.4 60.0
5 733 75.5
10 76.6 i 77.7 _
S0 S1.1 ! 42.2
_-100—‘"?0.0 322
B 150 222 16.6
200 200 00 |
Check** 622 62.2 J
|

*  Antagonistic activity was measured as the inhibition activity of Trichoderma harzianum

w growth of Rhizoctonia saluni.
*+ [nhibition of Rhizoctonia solani by Trichodenma havzianom on herbicide-free PDA

medium,
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It was found that addition of 50ug a.i/ml of any herbicide in the medium
declined the antagonistic activity of T harziarmum against R.solani 51.1 and
42.2% in the presence of atrazine and oxadiargyl, respectively. Moreover,
addition of 200ug a.i./ml, of any herbicides reduced the antagonistic activi-
ty 20 and 10% for atrazine and oxadiargyl, respectively. These results dem-
onstrated that low concentrations of the tested herbicides enhanced the an-
tagonistic activity of T.harzianum against R.solani. Mean while, highe‘r
concentrations of atrazine and oxadiargy! reduced the antagonistic action. In

this respects, oxadiargyl showed the lowest effect.
h. In vivo test:

Results in Table (3) summarize the influence of atrazine and oxadiargy]l,
at different rates, on the bioprotectant activity of T.harzianwum against the in-
fectivity of R.solani to maize. The results showed that atrazine and oxadiar-
gyl were not sufficiently able to increase the emerged seedlings indicated by
of maize in soil infested with R.sofani as indicated by the shoot (18.4 cm)
and root growth of emerged seedlings. Presence of T.harzianum in soil
greatly controlled the infectivity of R.solani to maize seedlings as the per-
centage of emerged seedlings (70.8%) and the growth of shoot (18.4 cm)
and root length (8.3cm). Atrazine on the basis of 500 g/fed. to somewhat re-
duced the bioprotectant activity of T harzianum against R.solani. However,
at 750 gffed., it somewhat enhanced the T harzianum bioactivity, Oxadiar-
gyl, at 66.4 and 86.4g/fed, enhanced the activity of T harzianum against
R.solani as indicated by the percentage of emerged seedlings (75.0%) and
the length of shoots and roots of emerged seedlings. On the other hand, both
herbicides, at the high rates, markedly reduced the bioprotectant activity of
T.harzianum, Tt was found that T.harzianum was not effectively able to con-
trol R.solani (37.0 and 33.3% emerged seedlings when the soil was treated
with 1000 and 106.4 g/fed of atrazine and oxadiargyl, respectively). Also,
these treatments showed the lowest values of shoots and roots of maize
seedlings compared with herbicide- free soil. These results indicated that
presence of atrazine and oxadiargyl at the highest rates suppressed the
bioprotectant activity of T.harzianum against the R.solani and this caused
reduction of the emerged seedlings and shortage maize seedlings.
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It has been previously reported that T harzianum can inhibit the growth
of the most pathogenic fungi (Elad and Chet, 1995). The inhibitory action of
T.harzianum was attributed to hyphal coils, hooks or appressoria formation
of Tharzianum (Elad et al., 1983). Micheal er al. (1988) reported that
T.harzianum produced antibiotic against soil borne fungi. Recently, it has
been reported that protease plays a role in biocontrol activity of T.harzianum
against Botryiis cinerea (Elad and Kapat, 1999). Also, endo-1,3, [-

glucanase and chitinase play a part in the antagonistic action of T.harzianum

(Limon et af., 1999).

Table (3) : Bioprotectant activity of Tricloderma harzianum against the
pathogensis of Riizoctonai solani on maize in the presence of different
rates of the herbicides. Data were expressed as percentage of emerged

seedlings and plant growth 21 days after planting.

S P g ey
Mean of plant
. . %, Emerged p
Ireatments (g/fed) osec i ggs growth (cm)
Shoot Root
Atrazine 500 x R.S. 25.0 83 33
Atrazine 730 x R.S. 29.2 85 3.6
Atrazine 1000 x R.S. 333 9.4 6.1
Oxadiargy! 66.4 x R.S. - 250 7.4 4.3
Oxadiargyl 86.4 x R.S, 333 8.t 46 8
Oxadiargyl 106.4 x R.S. 41.6 9.2 5.1
Atrazine 500 x T.H. x R.S . 6l.6 14.2 7.8
Atrazine 750 x TH. x R.S 75.0 18.] 9.5
Atrazine 1000 x T.H. x R.S 37.0 6.1 5.7
Oxadiargy! 66.4 x T.H. xRS 75.0 18.5 9.2
Oxadiargyl 86.4 x T.H. x R.S 75.0 [6.8 9.8
Oxadiargyl 106.4 x TH. xR.S 333 6.7 6.5
TH. xRS 70.8 18.4 8.3
Check 1 160.0 20,2 9.5
Check 2 28.3 6.9 4.6
L.8S.D at 5% - 2.8 1.6
=SS S —
T.H.: Trichoderma harzianum R.S.: Rhizoctonia solant

Check I; Healthy seeds in uninfested soil
Chedk I1: Healthy seeds in soil infested with R. Selani
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The present results indicated that low rates of the tested herbicides en-
hanced the bioprotectant activity of 7.harzianum agamst the infectivity of
R.solani to maize plants. Higher rates declined this bioprotecant activity.
This may be explained by the effect of the herbicides on the growth of 7.
harzianum or by suppressing the antibiotic formations, protease, endo-1,3,
-glucanase and chitinase produced by T.harzianum, which consequently
decrease its bioprotectant activity.
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