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Abstract Trichoderma spp. have been used as biocontrol agents to protect plants against
foliar diseases in several crops, but information from field assays is scarce. In the present
work, experiments were carried out to determine the effect of six isolates of Trichoderma
harzianum and one isolate of T. koningii on the incidence and severity of tan spot, caused
by Pyrenophora tritici-repentis (anamorph: Drechslera tritici-repentis) under field con-
ditions. Significant differences between years, wheat cultivars and treatments were found.
In 2003, two of the isolates assayed (TS5, T7) showed the best performance against the
disease applied as seed treatments or sprayed onto wheat leaves at different stages. The
application of six of the treatments on wheat plants significantly reduced disease severity
by 16 to 35% in comparison with the control. Disease control provided by isolate T7 was
similar to that provided by the fungicide treatment (56% reduction). This is the first report
on the efficacy of Trichoderma spp. against tan spot under field conditions in Argentina.

Keywords Wheat - Biocontrol - Trichoderma - Tan spot - Drechslera tritici-repentis -
Pyrenophora tritici-repentis

A. Perell6 (D<) - V. Moreno - C. Mdénaco

Centro de Investigaciones de Fitopatologia (CIDEFI), Facultad de Ciencias Agrarias y Forestales,
Universidad Nacional de La Plata, Calle 60 y 119, La Plata, Provincia de Buenos Aires, CP 1900,
Argentina

e-mail: fitopato@ceres.agro.unlp.edu.ar

A. Perell6 - V. Moreno
Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET), La Plata, Argentina

C. Ménaco
Comision de Investigaciones Cientificas de la Provincia de Buenos Aires (CIC), La Plata, Argentina

M. R. Simén
Cerealicultura, Universidad Nacional de La Plata, La Plata, Argentina

@ Springer



896 A. Perelld et al.

Introduction

Tan spot of wheat caused by the necrotrophic pathogen Pyrenophora tritici-repentis
(Died.) Drechs. (PTR) (anamorph Drechslera tritici-repentis) (Died.) Shoem., an air and
seed-borne fungus, is one of the most destructive foliar diseases of wheat worldwide,
including Argentina (Annone 1997, 2005). Breeding, fungicide treatments, and appropriate
cultural practices currently are used for disease control. Biological control using antago-
nistic microbes alone or as supplements has been investigated in recent years to minimize
the use of chemicals (Annone 2005). Antagonistic fungi are present in substantial quantity
in nearly all agricultural environments, and their use is now being recognized world-over
as an alternative in plant disease control (Harman et al. 2004; Sutton 2005). Biological
control agents of tan spot of wheat foliage have been tested (Lee and Sutton 1995; Pfender
1988; Pfender et al. 1989), and different species of Trichoderma have been used suc-
cessfully as biocontrol agents for biocontrol of pathogens on plant surfaces (Monte 2001;
Papavizas 1985; Tronsmo 1986; Windels and Lindows 1985). Based on our laboratory
experiments, the biocontrol potential of Trichoderma isolates to suppress tan spot was
previously reported (Perell6 et al. 1997; Perell6 et al. 2003), but further evaluation is
necessary to determine their performance outside the optimized environments of laboratory
or greenhouse research. Therefore, the aim of this research was to evaluate the effec-
tiveness of biocontrol of Trichoderma spp. isolates on tan spot expression in two
application systems: foliar spray suspensions and seed treatments, on wheat plants under
field conditions.

Materials and methods
Pyrenophora tritici-repentis

A culture of P. tritici-repentis strain HO119 was used for all inoculum production. It was
isolated from naturally infected leaves of wheat in the field at the Estacion Experimental
J. Hirschhorn, belonging to the Facultad de Ciencias Agrarias y Forestales de la Uni-
versidad Nacional de La Plata, Los Hornos, Buenos Aires Province, Argentina, and stored
on potato dextrose agar (PDA) at 4°C until used for inoculations. Conidia for application in
suspension were prepared as described by Raymond and Bockus (1982). Petri dishes with
V8 medium (20 ml V8® juice, 3 g of CaCOs;, 20 g of agar and 800 ml distilled water)
were used. Mycelial plugs were taken from the advancing margin of a 6-day-old culture of
P. tritici-repentis grown on PDA. These plugs were then placed on Petri dishes with V8
agar and incubated for 5 days at 20 4= 2°C with alternating 490 pmol m 2 s 'dark cycles
of 12 h plus the addition of near UV light (365 nm). On the 6th day of incubation, aerial
mycelia were knocked down with a sterile, bent glass rod. The dishes were then incubated
in continuous light for 24 h. Finally, the dishes were incubated in darkness for another
24 h. The light cycle stimulated formation of conidiophores and reduced mycelial frag-
ments, while the dark cycle stimulated the completion of sporulation (Platt et al. 1977).
The conidial harvest was completed by flooding the plate with 5 ml of sterile distilled
water and dislodging the conidia with a bent glass rod. The resulting suspension was
filtered through cheesecloth, and the concentration of inoculum suspension was adjusted to
2 x 10* conidia ml~". Following the methods of Raymond and Bockus (1982), oat grains
(100 g) were autoclaved with 80 ml distilled water and 20 ml V8 juice in Erlenmeyer
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flasks for 30 min at 120°C and 1 atm pressure. Then, in each flask an aliquot of 5 ml of the
pathogen suspension was added. This combination was incubated at 23°C + 2°C in
darkness and shaken daily to allow pathogen colonization. After 15-20 days of incubation,
the development of mycelia and conidia was confirmed. Grains were spread in trays and
dried under laboratory conditions. They were weighed and stored in nylon bags at 5°C
prior to their application in the field.

Trichoderma spp.

Five isolates (T4, TS5, T6, T7, and T8) of Trichoderma spp. used in this study were
collected from 2001 to 2004 in Buenos Aires Province (Table 1). They were cultured on
PDA medium in Erlenmeyer flasks and incubated for 7-15 days at 20 & 2°C in a growth
chamber under a 12-h fluorescent plus near ultraviolet photoperiod. Conidia of each isolate
were harvested by flooding the cultures with sterile distilled water and then rubbing the
culture surfaces with a sterile glass rod. After filtering the suspensions through two layers
of cheesecloth, concentrations of propagules in suspensions were standarized with the aid
of a haemocytometer to 1 x 10® conidia ml1~" for each Trichoderma isolate tested. Sus-
pensions were amended with one drop of 0.05% Tween 20 surfactant in distilled water
immediately before plant inoculation by spray application onto leaves. Plants were sprayed
with the inoculum suspension until runoff. After inoculations, plants were kept moist by
spraying with water several times per day with sprinklers for a period of 3 days.

Production of Trichoderma-coated seed: For the seed treatment technique, a 10-ml
suspension of each Trichoderma isolate (1 x 10® conidia m1™') was mixed with 90 ml of
0.25% agar (in water) which served as an adhesive. The mixture was shaken using a
magnetic stirring bar until a homogeneous suspension was obtained. Wheat seeds of B.
Bigud and B. Brasil cultivars were added to the water-agar-fungal biomass mixture for
pelletizing. Seeds uniformly coated with Trichoderma formulations were held for air
drying overnight in darkness at room temperature. Treated seeds were stored in sealed
glass flasks at 5°C in a refrigerator and incorporated 2448 h later.

Table 1 Identification number and origin of antagonistic isolates of Trichoderma spp.

Trichoderma Nomenclature Origin (wheat cultivar, Argentinian wheat ecological area
strains and site and year of collection)
T. koningii T4 Wheat phylloplane, Cv. Klein Escorpién, Wheat ecological area:
II South (Bragado), Year: 2002
T. harzianum TS Wheat phylloplane, Cv. Buck Mataco, Wheat ecological area:
II North (Arrecifes), Year: 2003
T. koningii T6 Hyperparasite of Sclerotinia sclerotiorum, lectuce, Procedence:

Estacion Experimental Agropecuaria J. Hirschhorn,
Los Hornos, Year: 2002

T. harzianum T7 Hyperparasite of Sclerotinia sclerotiorum, lectuce, Procedence:
Estacion Experimental Agropecuaria J. Hirschhorn,
Los Hornos, Year: 2002

T. harzianum T8 Wheat phylloplane, Cv. Klein Don Enrique, Wheat ecological area:
II North (Pergamino), Year: 2002
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Field assays

Field experiments were carried out at the Estacion Experimental J. Hirschhorn, Facultad de
Ciencias Agrarias y Forestales, Universidad Nacional de La Plata (35°S latitude), during 2003
and 2004. The trials were sown on 15 July and 2 August, respectively, under conventional
tillage. The soil was a Typic Argiudoll. Analysis of soil samples (top 0.20 m) indicated
the following values by weight: organic matter = 3%; N = 0.17%; P =7 mg kg™", and
pH = 5.9. Average temperatures and humidity for the entire period after inoculations were
16.8°C and 78% for 2003 and 16.0°C and 77.5% for 2004.

The experimental design was a factorial randomized block with three replications and a
row-to-row distance of 15 cm, in both years. Factors were two bread wheat (Triticum
aestivum L.) cultivars Buck Bigua and B. Brasil tested at ZGS 23 (tillering) and ZGS 58
(heading) (Zadoks et al. 1974) and twelve treatments: eight Trichoderma spp. isolates, each
applied in a spray spore of suspensions (SST4, SSTS5, SST6, SST7 and SST8) or by seed
treatment (CST4, CSTS, CST6, CST7 and CST8), a fungicide application (F) and a control
spread with water (C). The fungicide used was Folicur™ {tebuconazole; alpha-[2-(4-
chlorophenyl) ethyl]-alpha-(1,1-dimethylethyl)-1H-1,2,4-triazol-1-ethanol; Bayer Corp.,
Leverkusen, Germany} at a rate of 1 1 ha~'. Between plots, strips of oats were sown to
avoid the spread of inoculum between treatments. Similar strips of oats were sown between
replications. Plots were 6.3 m? (4.50-m long by 1.4-m. wide). The entire experiment was
fertilized with 50 kg P,Os ha' as calcium triple superphosphate at the time of sowing.

Infected oat grains colonized with PTR were applied at the 4-leaf stage (ZGS 14)
(Zadoks et al. 1974) by spreading them onto the soil surface on each row at a rate of
300 g m 2. The incidence (number of infected leaves/total leaves) and the severity (per-
centage leaf area covered by lesions on the upper two leaves) of disease were evaluated on
20 plants of each plot for each experiment 14 days after inoculation.

Statistical analysis

Experimental data were subjected to arcsine-square-root transformation before ANOVA to
normalize distributions and stabilize the residual variance. Data were analyzed by ANOVA
for a factorial randomized block design in a combined analysis for both years with SPSS
statistical package. Because of some significant interactions between years, a separate
analysis for each year was also performed. Contrasts were constructed between the water
control treatment and the rest of the treatments; between the fungicide treatment and all
treatments with Trichoderma spp.; between all seed treated and all suspension applied
treatments; between the individual isolates and the fungicide control and between the
individual isolates and the water control.

Results

Incidence values were only considered at tillering because at heading all treatments had
100%.

The combined ANOVA for both years showed significant differences between years
(P < 0.001), cultivars (P = 0.008), and treatments (P = 0.003) for incidence and between
years (P < 0.001), growth stages (P < 0.001), (P < 0.001) and cultivars (P < 0.001) for
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severity. Both incidence and severity values were higher in 2004 (57.68% and 67.21%
respectively) than in 2003 (32.99% and 32.75% respectively). The interaction of year X
growth stage was significant for severity (P < 0.001). Although the severity increased in 2004
at both growth stages, this increase was higher for the adult stage. There were not significant
interaction for incidence.

Considering these significant year effects and year interactions, both years were ana-
lyzed separately.

In 2003 the ANOVA of the incidence of tan spot at tillering showed significant dif-
ferences between treatments (P < 0.001) and for the interaction of cultivar x treatment
(P = 0.027). The analysis of contrasts showed that there were not significant differences
for the contrast water control vs. the rest of the treatments or fungicides vs. the rest of the
treatments. However coat seed treatments had a higher control effect than spore pulveri-
zation treatments (P < 0.001). When individual isolates were compared to the water
control and fungicide treatment, treatments CST6 and CSTS5 produced a better control than
the water control treatment and also than the fungicide treatment (Table 2).

Table 2 Means of incidence (%) and severity (%) of Drechslera tritici-repentis for twelve treatments
(control, fungicide and Trichoderma-application technique combination) at tillering and heading in 2003

Incidence P > F Severity Severity Mean severity P>F
tillering tillering heading tillering-heading
Coated seed (CST6) 22.77 (P =0.010)" 22.76 37.54 30.15 (P < 0.001)
(P =0.009) (P =0.076)
Coated seed (CST7) 30.07 (P=0291) 24.10 39.21 31.66 (P < 0.001)
(P =0.262) (P = 0.026)
Coated seed (CSTS) 31.21 (P=0417) 2271 43.54 33.13 (P < 0.001)
(P =0.382) (P = 0.008)
Coated seed (CST4) 29.46 (P=0.235) 22.89 52.33 37.62 (P =0.033)
(P =0.211) (P < 0.001)
Coated seed (CSTS) 25.11 (P=0.036) 21.12 44.98 33.05 (P < 0.001)
(P =0.031) (P = 0.009)
Spore suspension (SST6) 40.04 (P=0271) 3257 44.53 38.55 (P =0.063)
(P =0.298) (P < 0.001)
Spore suspension (SST7) 43.84 (P=0.058) 23.14 29.00 26.07 (P < 0.001)
(P = 0.066) (P =0.579)
Spore suspension (SST8) 31.99 (P =0.520) 27.59 40.86 34.23 (P =0.002)
(P =0.479) (P =0.003)
Spore suspension (SST4) 30.61 (P=0.345) 2572 37.37 31.54 (P < 0.001)
(P =0.313) (P =0.029)
Spore suspension (SST5) 40.63 (P=0.219) 2239 33.67 28.03 (P < 0.001)
(P =0.244) (P =0252)
Water control 34.95 37.23 52.16 44.69
Fungicide treatment 35.24 19.15 29.32 24.24

? The uppermost P values indicates the probability value (F test) for the contrast between individual
treatment vs. water control and the lowest P values indicates the probability for the contrast between
individual treatments vs. the fungicide treatment
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When the interactions between the contrasts and cultivars were performed, the only
significant interaction was caused by the treatment CST7 which was better than the water
control in cultivar B. Bigua but similar in cultivar B. Brasil (P = 0.049).

For the severity in 2003, there were significant differences between growth stages
(P < 0.001), treatments (P < 0.001) and cultivars (P < 0.001). The interaction growth
stage X treatments (P = 0.041) and the triple interaction (P = 0.020) were also significant.

The analysis of contrasts showed that the group of control treatments (fungicide and
Trichoderma spp. treatments) caused a reduction in the severity compared to the water
control (P < 0.001). Furthermore, the fungicide produced a better control effect than the
antagonists treatments (P < 0001). No significant differences were found for coat seed
treatments vs. spore suspension treatments. When individual isolates were contrasted with
the water control, all of them except treatment SST6 caused a control effect compared to
the water control (Table 2). Three Trichoderma spp treatments (CST6, SST7 and SSTS)
were similar to the fungicide treatment. When individual isolates were considered, treat-
ment CST4 showed a significant interaction with growth stage because it caused a
reduction in the severity compared to the water control at seedling but not in the adult stage
(P = 0.029). Also treatments CST4 (P = 0.004) and CST5 (P = 0.040) had a similar
effect to fungicide treatment at seedlings but not at the adult stage. Furthermore coat seed
was better than the suspension of spores at seedlings whereas the opposite was found in
adult stage (P < 0.001).

In 2004, there were significant differences between treatments (P = 0.003) and cultivars
(P = 0.0006) for incidence, and for growth stages (P < 0.001), treatments (P = 0.017) and
cultivars (P = 0.019) for the severity. No interactions were significant.

For incidence, the analysis of contrasts showed that the control effect caused by fun-
gicides was better than that of the Trichoderma spp. treatments (P = 0.003) and that coat
seed treatments had a higher control effect than spore suspension treatments (P = 0.021).
When individual isolates were compared, treatments CST6 and CST5 produced a better
control than the water control and were also similar to the fungicide treatment (Table 3).
No significant interactions were found between any of the contrast and cultivars.

For the severity in 2004 fungicide treatment also caused a better control effect than the
Trichoderma spp. treatments (P < 0.001). Coat seed and spore suspension had similar
control effects. When individual isolates were contrasted with water control and fungicide
treatments, no treatments caused better control than the water control and all of them
produced higher severity values than the fungicide treatment (Table 3). No interactions
between this contrast and the growth stage were found.

Discussion

In both years and cultivars tested, the coated seeds application system was better than spore
suspension application in reducing the incidence of tan spot. Two of the treatments (CST6
and CST5) tested in 2003 and 2004 reduced significantly the incidence of tan spot in
comparison with the water control and the fungicide treatment. The isolates TS (Tricho-
derma harzianum) and T6 (T. koningii) were originally obtained from wheat phylloplane
and parasited sclerotia from Sclerotinia sclerotiorum respectively. T. harzianum has pre-
viously been reported as a biocontrol agent in the aerial environment on different crops
including other wheat diseases (Cordo et al. 2007; Elad 2000; Hermosa et al. 2000;
Moénaco et al. 2004; Perello et al. 1997, 2003). Previous assays in Argentina have
demonstrated that some 7. harzianum isolates were capable of suppressing growth and
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Table 3 Means of incidence at tillering (%) and severity at tillering and heading (%) of Drechslera tritici-
repentis for twelve treatments (control, fungicide and Trichoderma-application technique combination) in
2004

Treatments Incidence P >F Severity Severity Mean severity P>F
tillering tillering heading (tillering-Heading)
Coated seed (CST6) 50.38 (P =0.042)* 33.24 98.86 66.05 (P =0433)
(P =0.291) (P = 0.008)
Coated seed (CST7) 60.95 (P =0.657) 43.17 98.05 70.61 (P = 0.906)
(P = 0.009) (P < 0.001)
Coated seed (CSTS8) 58.62 (P=0421) 3431 96.75 65.53 (P =0.376)
(P =0.023) (P =0.010)
Coated seed (CST4) 56.72 (P =0.279) 36.98 94.30 65.64 (P = 0.389)
(P =0.046) (P = 0.010)
Coated seed (CSTS) 48.66 (P =0.023) 40.85 92.54 66.69 (P = 0.509)
(P =0.428) (P = 0.006)
Spore suspension (CST6) 57.68 (P =0.345) 46.01 97.66 71.83 (P =0.719)
(P =0.033) (P < 0.001)
Spore suspension (SST7) 63.24 (P=0931) 4347 99.12 71.29 (P = 0.802)
(P =0.004) (P < 0.001)
Spore suspension (SST8) 62.13 (P=0.797) 39.15 99.72 69.43 (P = 0.906)
(P = 0.006) (P =0.001)
Spore suspension (SST4) 64.35 (P =0.932) 47.75 96.32 72.03 (P = 0.690)
(P =0.002) (P < 0.001)
Spore suspension (SST5) 62.11 (P =0.794) 41.00 88.96 64.98 (P =0.321)
(P = 0.006) (P =0.014)
Water control 63.80 45.54 94.51 0.02
Fungicide treatment 43.54 26.89 77.78 52.33

* The uppermost P values indicates the probability value (F test) for the contrast between individual
treatment vs. water control and the lowest P values indicates the probability for the contrast between
individual treatments vs. the fungicide treatment

mycelial development of PTR and the severity of disease on wheat plants (Perell6 et al.
2003, 20006). Isolate T6 that showed significant behavior in reducing the PTR incidence in
the present paper, was previously reported in Argentina as an effective control agent of the
lettuce wilt caused by the fungal pathogen S. sclerotiorum (Mdnaco 1989; Moénaco et al.
1998).

The control of foliar pathogens of wheat relies on an integrated combination of cultural
practices, fungicides, and the use of partially resistant or tolerant cultivars. Progress in
breeding has been slow because of different factors, including a great variability in the
pathogen, a certain degree of specificity, and the fact that breeding has concentrated on
monogenic resistance, which implies specificity to some isolates is readily broken down
(Lee and Gough 1984; Perell6 et al. 1991). A complementary strategy within integrated
management is biological control (Cook and Baker 1974; Cook and Veseth 1991). Prob-
lems of environmental contamination which have adversely affected the biodiversity in
agroecosystems, as well as health and public safety problems inherent to the production
and inadequate use of agrochemicals, have led to the search for and implementation of
ecological alternatives. The goal remains to integrate all available methods for disease
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control in a way to optimize their benefits and minimize their risks for producers, con-
sumers and the environment in a sustainable crop production system (Powell 1993).
Considerable research on biocontrol of pathogens of wheat in Argentina has focused on
specific antagonists as tools to control foliar diseases (Alippi et al. 2000; Dal Bello et al.
2002; Perell6 et al. 1997, 2001a, b, 2002, 2003). However, workable strategies for con-
sistent biological control have not yet been developed and implemented under field
conditions. There are many reasons for this, but most of the difficulties in developing
functional biological control are related to the complexities of the system to be managed.
Members of the fungal genus Trichoderma have been studied extensively, particularly
because of their ability to act as biocontrol agents (Harman 2000; Melo 1991; Monte 2001;
Papavizas 1985; Tronsmo 1986). Trichoderma-based biofungicides are a reality in agri-
culture, with more than 50 formulations currently available as registered products
worldwide (Lorito and Woo 2004). Trichoderma spp. long has been known to interact with
other microorganisms especially fungi, through antibiosis, mycoparasitism, competition of
various types, and other mechanisms (Elad 2000). More recently, it has been shown that
induced systemic resistance (ISR) caused by various microorganisms can protect plants
against soil or foliar pathogens (Paulitz and Matta 2000). ISR has been demonstrated in
both monocots and dicots, resulting in control of multiple plant pathogens (Harman 2004).
In associated studies (unpublished data) to evaluate Trichoderma population levels, some
isolates tested remained stable, but most of them decreased in density after a month of
observation. In our previous greenhouse tests, some of the Trichoderma isolates that
showed the strongest antagonistic effect on tan spot declined in population density in the
final evaluation or consistently occurred at a low density. Conversely, strains that always
maintained a high population level did not provide any reduction in disease. Therefore, no
correlation was established between the survival of a Trichoderma population on the wheat
phylloplane and effectiveness in tan spot control (Perell6 et al. 2003). Competition for
nutrients and space might have played a major role in the control of tan spot, because
pathogen conidia need exogenous nutrients for germination and germ-tube elongation.
However, if Trichoderma did not persist on the leaves but disease control still occurred,
then an indirect mechanism such as systemic induced resistance may be presumed to be
occurring as part of the mode of action might be involved.

The modes of action by which Trichoderma reduces tan spot of wheat are still not clear
because of the difficulties encountered during the study of the complex interactions
between host, pathogen, and antagonists under field conditions. Further study is required to
better elucidate these modes of action. Two of the strains of Trichoderma assayed in our
study (T4 and T5) originated from the wheat phylloplane were the ones that most con-
sistently reduced disease. However, strains from other origin like T6 and T7, showed a
good control effect also in comparison to the fungicide treatment. In general, the isolates of
T. harzianum and T. koningii used in this work have proven to be suitable biocontrol agents
of tan spot of wheat under field conditions, either by application as a foliar spray or as a
seed treatment. However, their performance differed according the cultivar tested, the
application technique, and the crop growth stage at which disease was assessed. Differ-
ences in the performance of the Trichoderma isolates used in this study may be explained
in part by differences in the tolerance to microclimatic conditions on of wheat leaves
during the test period. In general, most of the isolates reduced seedling infection of both
diseases at an early stage. For field crops such as wheat, seed treatment with biocontrol
agents is one of the most suitable application methods for biocontrol of soil-borne
pathogens in the rhizosphere (Harman 1992). Appropriate formulation of biological control
agents is generally accepted as critical for efficacy in the field. From our results, the seed
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treatment preparations were the most effective in decreasing the severity of tan spot,
suggesting that part of the mode of action of Trichoderma isolates tested against tan spot of
wheat might involve induce systemic resistance in the leaves. Similarly, control of tan spot
by biological seed treatments was previously reported in Brazil (Luz 1992). It may be
assumed that further work on formulation and biological seed treatments is required to
improve the control of tan spot with Trichoderma isolates in Argentina. Moreover, work on
application techniques is required.

The results presented here show that Trichoderma isolates can be used as a non-
chemical alternative treatment against tan spot of wheat caused by PTR. Future research
will be aimed at developing the technology to be used under large-scale operations and
investigating the mode of action of Trichoderma to control tan spot on wheat plants.
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