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Trichoderma harzianum is a potential biocontrol agent against Sclerotinia sclerotiorum in
soybean. Information is needed on the compatibility of this biocontrol agent and the post-
emergent herbicides used in soybean cropping.

Haloxyfop R Methyl (EC 10.4%), Glyphosate (SL 48%), Imazamox (WG 70%) and
Imazethapyr (SL 10%) were evaluated for their effects on the mycelial growth of 7. harzianum
on in vitro agar plates. Glyphosate (2000 ppm), Imazethapyr (500 and 250 ppm) and Haloxyfop
R Methyl (1000, 500 and 100 ppm) reduced the mycelial growth of 7. harzianum. Imazamox
had no effect at any concentration.

Subsequently, all the herbicides were assessed for their effect on soil populations of 7.
harzianum. Greenhouse assays conducted with non-sterile soil inoculated with 7. harzianum
and a specific herbicide were sampled before pesticide application and after 30 days. The
number of colony forming units per gram of soil (c.f.u/g of soil) was evaluated with a soil
dilution technique using 7Trichoderma selective medium (TSM). No detrimental effect was
revealed.

Key words: biocontrol agent, population density, Trichoderma harzianum, soybean stem
decay, post-emergent herbicides

Introduction

Stem decay caused by Sclerotinia sclerotiorum is one of the main discases
affecting soybean in Argentina (Distéfano de Vallone and Giorda, 1997; Ploper, 1999).
The primary source of inoculum is the sclerotium that survives in the soil. The
destruction or inactivation of sclerotia can reduce primary inoculum and might provide a
way of controlling this disease (del Rio et al., 2002; Budge and Whipps, 2001).
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Many researchers have obtained effective biological control of Sclerotinia
diseases using species of Trichoderma as mycoparasites of the sclerotia of S.
sclerotiorum (Knudsen et al., 1991; Homechin, 1983; Mitidieri and Scandiani, 1989;
Hlipronti and Machado, 1993; Inbar et al., 1996; Monaco et al., 1998; Bac et al.,
2001; Mc Lean et al., 2001; Elad et al., 2002).

The potential utility of Trichoderma as a biocontrol agent depends largely on
its compatibility with agricultural chemicals or other control practices (Papavizas,
1985; Pereira et al., 1996; Nath et al., 2004; Chakraborty et al., 2003). Herbicides
are reported to affect the growth and sporulation of 7richoderma spp. in in vitro
tests (Dluzniewska, 2003; Macek and Lesnik, 1994; Jayaraj and Radhakrishnan,
2000a; Sesan, 2002; Desai and Srikant, 2004). A variable effect of Glyphosate on
soil microflora has been shown in several reports, including reduced bacterial,
actinomycete and fungal populations in forest soils (Gorlach-Lira et al., 1997),
increased populations of soil actinomycetes and fungi (Aratjo et al, 2003),
increased soil biomass (Haney et al., 2002) or no long-term change in microbial
populations (Busse et al., 2001). Information about the effects of herbicides on the
survival of Trichoderma spp. in soil was given by Rao and Divakar (2002), who
reported some inhibitory effects with Butachlor and 2,4 D on 7. viride, and by
Jayaraj and Radhakrishnan (2000b) with Pendimethalin on 7. harzianum.

Previous research by Moénaco et al. (1998) was initiated with 7. harzianum
(strain ThS12) because of its ability to parasitise the sclerotia of S. sclerotiorum. 1f
this strain is to be used for the biological control of soybean stem decay, information
on the compatibility of the biological control agent and the agricultural chemicals
used in soybean cropping is needed.

The objective of this research was to evaluate the effect of the post-emergent
herbicides used in protected soybean crops in Argentina on the mycelium growth on
in vitro agar plates and on soil populations of 7. harzianum (strain ThS12).

Materials and methods
Isolates and cultures

Trichoderma harzianum (strain ThS12), used in this study, has been identified as a promising
biocontrol agent of Sclerotinia sclerotiorum due to its ability to parasitise sclerotia (Monaco et al.,
1998). Isolates were grown on 2% potato dextrose agar (PDA) and stored at 5°C.

Herbicides
The post-emergent herbicides used are listed in Table 1 (Anonymous, 2001; Tomlin, 1994).
T. harzianum mycelial growth on PDA

Various formulations of the herbicides were analysed on PDA to investigate their effect on the
mycelial growth of T. harzianum.
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Table 1
Names and application conditions of the post-emergent herbicides used

Rate of Type of formulation and

Common name Chemical name application  concentration (%)
Haloxyfop R Methyl -2-(4-((3- chloro -5(trifluoromethyl)-2- 1.4 I/ha EC104
pyridinyl)oxy) phenoxy ) propanoic acid methyl)
Glyphosate N-(phosphonomethyl) glycine 6 l/ha SL 48
Imazamox 2-(4-isopropyl-4-methyl-5-oxo-2-imidazolin- 70 g/ha WG 70
2-y1)-5-methoxymethylnicotinic acid
Imazethapyr 2-[4,5-dihydro-4-methyl-4-(1-methylethyl)- 0.8 l/ha SL 10

5-oxo0-1H-imidazol-2-yl]-5-ethyl-3-
pyridinecarboxylic acid

Doses of herbicides were added to 9 ml of molten PDA to give final concentrations of 2000,
1000, 100 and 10 ppm of Glyphosate, 1000, 500, 100 and 10 ppm of Haloxyfop R Methyl, 500, 250,
100 and 10 ppm of Imazethapyr and 50, 25, 10 and 5 ppm of Imazamox. The highest concentration of
each herbicide corresponded to a tenth part of the field rate recommended for Argentina. For the
controls, 1 ml of distilled water was added to 9 ml of molten PDA.

The molten PDA was poured into 9-cm diameter Petri dishes and allowed to cool. Cores of
mycelia (6 mm diameter) from the leading edge of 7. harzianum cultures on PDA were placed in the
centre of the Petri dishes containing the herbicide treatments and controls.

The plates were incubated at 25°C in the dark. After five days of incubation, the diameter of the
fungus colonies was measured. Each plate represented one experimental unit. Each treatment consisted
of four replications and the experiment was conducted twice.

T. harzianum soil population studies

Inoculum was prepared by growing the fungus on a substrate containing bran wheat, sand and
distilled water (2:1:2 w/w/v). The substrate was autoclaved for three consecutive days at 120°C for 20
minutes. Incubation was carried out in an incubator at 25°C in darkness for 20 days.

Silt loam soil was used (clay 21.2%, lime 56%, sand 22.8%; pH: 6.4; C: 1.95%; OM %: 3.35,
moisture %: 24.70%). The pots were filled with 1 kg dry soil and amended with wheat bran colonised
by 7. harzianum. The culture medium was crumbled in the soil until a homogeneous mixture was
obtained.

Herbicides were applied as a suspension in water, adjusted to the recommended rate of
application to the soil surface.

For each treatment the fungus and a selected herbicide were incorporated into the soil in each
pot. The controls received only the fungus.

There were five treatments: 1) 7. harzianum with Haloxifop R Methyl, 2) T. harzianum with
Glyphosate, 3) 7. harzianum with Imazethapyr, 4) 7. harzianum with Imazamox and 5) control (7.
harzianum alone). Each pot represented one experimental unit. Each treatment consisted of four
replications and the experiment was conducted twice.

The pots were kept in the greenhouse at a minimum temperature of 10°C and a maximum
average temperature of 28°C for 30 days. Soil moisture was adjusted to 80% of field capacity by
watering the pots periodically.

The treatments were arranged in a completely randomised design.

Soil samples (50 g) were collected from each pot before pesticide application and after 30 days.
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The samples were dried at room temperature and then stored at 5°C for estimating the population
density of the fungus.

The population density of the fungus was determined with a soil dilution technique using
Trichoderma selective medium (TSM) (Elad et al., 1981). Six plates for each sample were incubated at
25 + 2°C for a week in darkness. The number of colony forming units per gram of soil (c.fu./g) was
determined.

Data analysis

The data from all the experiments were subjected to analysis of variance and the means were
compared using Tukey’s test at 95% probability.

The number of c.fu./g of soil of 7. harzianum from each pot at 30 days was transtormed to a
percentage of the c.f.u./g of the initial soil (before application of herbicides), taken as 100%.

The percentage values were transformed following the formula:

7 = arcsine (percentage) %2

Since the results of the two experiments under similar conditions were similar, data from only
one experiment are presented.

Results and discussion
T. harzianum mycelial growth on PDA

The results of investigations into the effect of selected herbicides on 7.
harzianum fungus growth are given in Table 2.

The experiments showed that the effect of the herbicides on the mycelial
growth of 7" harzianum depended on the herbicide and its concentration. Glyphosate
(2000 ppm), Imazethapyr (500 and 250 ppm) and Haloxyfop R Methyl (1000, 500
and 100 ppm) reduced the mycelial growth of 7 harzianum. Imazamox had no
effect at any concentration. Furthermore, 7. harzianum did not sporulate on medium
containing 2000 ppm of Glyphosate.

Similar results showing the unfavourable effect of herbicides on the mycelial
growth of fungi of the genus 7richoderma were obtained by Dluzniewska (2003),
who found that the herbicides Afalon 450 SC (45% linuron) and Racer 250 WP
(25% fluorochloride) inhibited the growth of 7. pseudokoningii, T. viride and T.
harzianum by 67% and 89%, respectively, in in vitro tests.

Macek and Lesnik (1994) reported that the herbicides Triasulfuron (Logran),
Triasulfuron + Fluoroglycofen (Statis) and Primisulfuron (Tell) had various effects
on 7. longibrachiatum in potato dextrose agar tests. All the herbicides inhibited the
mycelial growth of 7. longibrachiatum at field concentrations, but Tell and Statis
stimulated growth at medium and low concentrations. Desai and Srikant (2004)
found that the herbicide Glyphosate had a very inhibitory effect on 7" harzianum
development.
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Table 2
Influence of herbicides on the mycelium growth of 7. karzianum (in cm, 5® day)
o Concentration
Herbicide
Cl C2 C3 C4 Control
Glyphosate 2000 ppm 1000 ppm 500 ppm 100 ppm 0 ppm
- 42a 90b 90b 90b 90b
g Haloxyfop R Methyl 1000 ppm 500 ppm 100 ppm 10 ppm 0 ppm
= 50a 51a 6.0b 90c¢ 90¢
%' Imazethapyr 500 ppm 250 ppm 100 ppm 10 ppm 0 ppm
& 6.0a 69a 90b 90b 9.0b
Imazamox 50 ppm 25 ppm 10 ppm 5 ppm 0 ppm
90a 90a 9.0a 9.0a 9.0a

Values are the means of four replicates; Means followed by the same letters are not significantly
different at the P=0.05 level

The sporulating and cellulase-producing ability of 7. harzianum was
significantly reduced in in vifro tests by the herbicides Alachlor, Butachlor, 2,4-D,
Oxyfluorfen and Pendimethalin, especially at higher concentrations (Jayaraj and
Radhakrishnan, 2000a).

T. harzianum population studies

No significant reduction in the 7. harzianum population was observed in soil
treated with post-emergent herbicides compared with the untreated control (Fig. 1).

Among the herbicides tested, Glyphosate is one of the most widely used
because of its effectiveness against many weeds. A high percentage (95-98%) of the
soybean acreage in Argentina is planted with transgenic glyphosate-tolerant soybean
cultivars (Anonymous, 2002). Farmers adopted this new technology due to the
efficacy of Glyphosate against a wide range of weed species. Variable effects of
Glyphosate on soil microflora have been shown by Gorlach-Lira et al. (1997),
Aragjo et al. (2003), Haney et al. (2002) and Busse et al. (2001). The present results
are in line with those reported by Busse et al. (2001), who found that Glyphosate
was toxic to bacteria and fungi when grown in soil-free media, but this toxicity was
not expressed when Glyphosate was added directly to soil. These authors suggest
that artificial medium assays are of limited relevance in predicting Glyphosate
toxicity to soil organisms and that field rate applications of Glyphosate should have
little or no effect on soil microbial communities. The differences between artificial
media and field soil are believed to be due to the polar nature of the Glyphosate
molecule and its adsorption to soil particles.
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Fig. 1. Trichoderma harzianum population in soil in the presence of herbicides

Imazethapyr and Haloxyfop R Methyl behaved similarly to Glyphosate and
are also weakly to moderately adsorbed on the soil (Ahrens, 1994). These results are
also in agreement with Mc Lean et al. (2001), who stated that it is unlikely that the
level of direct contact observed between fungus and pesticide in the in vitro assay
would occur in a field environment, given the strong buffering capacity of the soil.

In vitro agar plate experiments are useful to determine the potential tolerance
of fungi to pesticides, but assessing the compatibility between a biocontrol agent and
pesticides in natural environments would provide a more reliable measure of
compatibility.

The development of Integrated Pest Management requires knowledge of the
impact of a selected pesticide not only on its intended target but also on other
species, including beneficial microorganisms. 7. harzianum (THS12) has
antagonistic properties against .S. sclerotiorum. as has been demonstrated in previous
research (Monaco et al., 1998). The results of these investigations show that this
strain can survive in soil treated with Glyphosate and other selected post-emergent
herbicides currently used to protect soybean crops in Argentina.
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