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In vitro Identification of Trichoderma harzianum as a Potential

Antagonist of Plant Pathogens
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Abstract. When compared with a range of colonists of straw and other potential antagonists of
glasshouse and cereal pathogens, Trichoderma harzianum IM1 275950 exhibited the greatest
biocontrol activity in vitro. This activity was also observed in a gnotobiotic lettuce bioassay
against the pathogen Sclerotinia sclerotiorum. Activity was dependent on antagonist/pathogen

inoculum ratio and temperature.

Many studies have demonstrated the potential for
microorganisms to control plant disease in vivo [3].
Commonly the antagonistic action has been identi-
fied by casual observation, and there may have been
no attempt to identify the microbe—microbe interac-
tion. In vitro studies are useful for screening for
potential biocontrol systems and for identifying the
mode(s) of action, although ultimately the activity
must be established in vivo.

Of the range of biocontrol agents studied,
Trichoderma spp. and particularly T. harzianum
have shown much promise {7, 10, 14]. T. harzianum
can act by mycoparasitism, together with the pro-
duction of volatile pyrone antibiotics [2] and cell-
wall-degrading enzymes [15]. It produces a power-
ful cellulase {4] and is a dominant colonist of straw
(5], which is a major substrate for microorganisms
in soils used for arable cuitivation {9].

In the present report the potential use of 7. har-
zianum against the pathogens, Fusarium culmorum
and Pythium ultimum, has been studied in vitro. Its
activity has been compared with that of other fungi
which colonize straw, because this is one of the
most abundant substrates in soil for which patho-
gens and their antagonists are likely to compete. T.
harzianum has also been tested against some patho-
gens of glasshouse crops and compared with some
other potential antagonists that had been suggested
from casual observations in vivo or in vitro.

Materials and Methods

Organisms. Antagonists from the GCRI culture collection were
Acremonium (Cephalosporium) sp. 637, Cladosporium sp. 638,
and Paecilomyces lilacinum 580 (isolated from glasshouse soil

with a tomato crop), Gliocladium roseum 588 (isolated from a
carnation stem infested with Fusarium oxysporum), P. lilacinum
642 (isolated by Dr. B. Kerry from soil in Peru), and Verticillium
lecanii (an insect pathogen). Trichoderma harzianum IMI 275950
[51, T. harzianum IMI 284726 [11], Acremonium persicinum IMI
284720, Botryotrichum piluliferum IMI 284721, Penicillium cor-
ylophilum IMI 284722, P. echinulatum, P. viridicatum, Sordaria
alcina IMI 267236, Trichoderma longibrachiatum IMI 284728
[6], Epicoccum nigrum, and Penicillium hirsutum had all been
isolated as colonists of decomposing straw. Coniothyrium mini-
tans IMI 134523 [16] had been isolated from fungal scierotia. The
pathogens studied were Botrytis cinerea (from lettuce), Fusar-
ium avenaceum (from wheat), F. culmorum IMI 239950 (from
ryegrass), F. oxysporum (from wheat), F. oxysporumf£. sp. dian-
thi (from carnation), F. oxysporum. f. sp. narcissi (from narcis-
sus), F. solani (from wheat), Phomopsis sclerotiodes (from cu-
cumber roots), Pyrenochaeta lycopersici (from tomato), and
Sclerotinia sclerotiorum (from cucumber fruit).

Growth of organisms on agar. The antagonists and pathogens
were inoculated onto 9-cm-diameter malt agar plates, each 3 cm
from the edge of the plate with a common diameter. Controls
were also set up with the antagonists or pathogens alone, so that
a growth without interactions could be precisely measured.
Growth of the fungus at 25°C was measured as the average diam-
eter of the colony size in the four directions at right angles be-
tween 24 and 72 h after inoculation. However, assessments of
interactions were made for a further 6 days.

Effects of spore concentration and temperature. F. culmorum
was grown on potato sucrose agar, and T. harzianum IMI 275950
on malt agar, for 2 weeks. Spores were harvested and suspended
in sterile distilled water at concentrations of 6.25 x 10° spores
ml~!, Dilutions of the spore suspensions were prepared by intro-
ducing 1 ml of stock solution into successive aliquots of 9 ml of
sterile distilled water. Aliguots (1 ml) of antagonist and pathogen
suspensions were mixed, and each concentration pair was
streaked onto malt agar in Petri dishes (5 replicates) (9 cm diame-
ter) as well as the monocultures. Plates were incubated at 5, 10,
15, 20, and 25°C, and colony growth of each fungus was assessed
between 7 and 16 days after inoculation.
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Table 1. Mean radial growth rates of fungal colonies (assessed between 24 and 72 h) at 20°C

Daily growth rate Log daily

Daily growth rate Log daily

Potential antagonists (mm d-1) growth rate Pathogens (mm d-") growth rate
Cephalosporium sp. 637 2.6 1.0 Botrytis cinerea 21.3 3.1
Cladosporium sp. 638 2.3 0.8 Fusarium avenaceum 10.1 2.3
Coniothyrium minitans 5.6 1.7 F. culmorum 12.8 2.5
Gliocladium roseum 4.3 1.4 F. oxysporum i1.8 2.4
Paecilomyces lilacinum 4.0 1.4 F. oxysporum sp. dianthi 9.6 2.3
Paecilomyces sp. 580 4.0 1.4 F. oxysporum sp. narcissi 9.3 2.2
Trichoderma harzianum
IMI 275950 26.1 33 F. solani 8.6 2.2
T. harzianum IMI 284726 20.1 3.0 Phompsis sclerotiodes 12.3 2.5
Verticillium lecanii 3.0 1.1 Pyrenochaeta lycopersici 2.0 0.7
Sclerotinia sclerotiorum 24.1 3.2
LSD (P = 0.05) 0.1 LSD (P = 0.05) 0.1

Table 2. Screening of some potential microbial antagonist
against plant pathogens¢
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Cephalosporium sp. 0 1 X 00 0 0 0 0t 0

Cladosporium sp. X0 1 00001 0 0

Coniothyrium minitans 0t 2 0 0000 2 0° 0F

Gliocladium roseum - 1 2200120 2

Paecilomyces lilacinum 0* 3 0 0 0 0 0 3 0 2+

Paecilomyces sp 580 23 3 121200 2%
Trichoderma harzianum

IMI 275950 4~ 1,4 4 4 4 4 4 4 4 4

T. harzianum IM1 284726 4= 4 4 4 0 4 4 4 4 4

Verticillium lecanii i+ 0 0 000 0O0O0 O

@ Key: X, pathogen overgrows antagonist after initial contact; 0,
mutual inhibition where antagonist and pathogen meet; 1, inhibi-
tion zone around antagonist ca 1 mm; 2, inhibition zone around
antagonist ca 2 mm; 3, inhibition zone around antagonist > 2
mm; 4, antagonist overgrows pathogen; *, sclerotia; —, sclerotia
absent.

Effect of antagonists against Sclerotinia sclerotiorum in gnoto-
biotic culture of lettuce. Lettuce seeds were sterilized and germi-
nated in sand moistened with plant nutrient solution and con-
tained in boiling tubes [12]. The antagonists were buried in the
sand at planting on discs (5-mm diameter) of malt agar with 7-
day-old growth of the antagonist, and the pathogen (Sclerotinia

sclerotiorium) of the same age was added on discs 5 days later.
Three tubes, each containing three plants, were used for each
treatment and for the control with no pathogen added. The plants
were grown in a chamber at 18°C with a 16-h period of daylight of
24.5 Wm~2, Plant survival was assessed after 18 days.

Results

Both strains of Trichoderma harzianum grew far
more rapidly on agar than any other potential antag-
onists, but the pathogens Botrytis cinerea and
Sclerotinia sclerotiorum had similar growth rates
(Table 1). With the exception of Pyrenochaeta lyco-
persici, the remaining pathogens all grew faster than
the other antagonists.

When both species of T. harzianum were grown
with the pathogens, they completely overgrew the
pathogens and inhibited sclerotia formation by
those fungi with the ability to produce them (Table
2). Whereas some of the potential antagonists
tested, especially Paecilomyces sp 580, showed an-
tibiosis in varying degrees to the pathogens, none
had the intensity or spectrum of activity exhibited
by the Trichoderma spp., which is evident in Figs.
1 and 2.

A comparison of the activity of the Tricho-
derma spp. with other straw-degrading fungi against
the pathogens Fusarium culmorum and Pythium ul-
timum indicated varying degrees of antagonism, but
only T. harzianum IMI 275950 was totally effective
in suppressing the growth of both pathogens (Fig.
3). Whereas growth on agar may not correlate well
with growth on natural substrates, it is interesting
that T. harzianum can grow rapidly on straw as well
as on agar [6].

The activity of T. harzianum IMI 275950 was
dependent of the relative inoculum size of the an-
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tagonist to pathogen and on temperature when ap-
plied to the agar plate as a mixed spore inoculum
(Fig. 4). Inoculum size was the most critical deter-
minant of the interaction except at 5°C, when no
growth of Trichoderma and only poor growth of
Fusarium were observed in the time period.
Trichoderma harzianum IMI 275950 was the
most effective of the antagonists tested in prevent-
ing death of lettuce seedlings caused by S. sclero-

Fig. 1. Interactions between
Sclerotinia sclerotiorum and
potential antagonists. Top row
(left to right): Gliocladium
roseum, Gladosporium sp. 638,
and Paecilomyces sp. 580.
Bottom row: Trichoderma
harzianum IMI 275950, T.
harzianum IMI 284726, and
Trichoderma sp. 647. The
antagonist is inoculated on the
right of each plate.

Fig. 2. Interactions between
Fusarium culmorum and
potential antagonists. Top row
(left to right): pathogen only,
Gliocladium roseum, and T.
harzianum IMI 275950. Bottom
row: T. harzianum IMI 284726,
Trichoderma sp. 647, and
Paecilomyces sp. 580.

tiorum, but there was an inhibitory effect on the
root extension of survivors (Table 3).

Discussion

Field relevance of in vitro analyses of the biocontrol
potential of antagonists of plant pathogens will al-
ways be equivocal. However, they can indicate the
activity of organisms under ideal conditions prior to
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Fig. 3. Interactions between fungi isolated
as colonists of straw and the pathogens
Fusarium culmorum (a) and Pythium
ultimum (b). Trichoderma harzianum IMI
284726; (2) T. longibrachiatum; (3) T.
harzianum IMI 275950; (4) Botrytrotrichum
pilulferum; (5) Penicillium viridicatum; (6)
P. corylophilum; (7) Epicoccum nigrum;
(8) Sordaria alcina; (9) P. echinulatum;
(10) P. hirsutum; and (11) Acremonium
persicinum. The pathogens fully covered
the plate when no antagonist was present.
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the stresses created by the natural (soil) environ-
mental constraints on the physical environment of
the organisms, and from the present study it seems
that Trichoderma harzianum may be less effective
at low temperature. An earlier study [13] indicated
that 7. harzianum IMI 275950 is less tolerant of low
water potential than is Fusarium culmorum. Such

I Spore
dilution

information will be useful in compiling a list of con-
ditions for which the useful antagonistic properties
of T. harzianum might be achieved in vivo. We have
found that T. harzianum IMI 275950 sprayed as a
suspension (spore ml~') onto straw in the field has
completely suppressed the colonization of straw by
F. culmorum (N. Magan, P. Hand, and J.M. Lynch,
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Table 3. Control of Sclerotinia sclerotiorum by microbial
antagonists in lettuce seedling tests

Plants Significance
surviving® Root length of difference

Antagonist (%) (mm) for control
Trichoderma harzianum

IMI 284726 11 21 P < 0.05
T. harzianum IMI 275950 66 15 P < 0.001
Paecilomyces sp. 580 22 36 n.s.?
None 0 0
Control (no pathogen) 100 48

< All treatments are significantly different from each other (P <
0.05) by an analysis of deviance with a binomial model.
b n.s., not significant.

unpublished). In gnotobiotic and field studies we
and others have found Trichoderma spp. to be use-
ful antagonists, particularly of sclerotia-forming
fungi, but continued studies in vitro may lead to an
understanding of why inoculants can sometimes
fail.

A critical consideration in vivo is the relative
size of pathogen to inoculant spore or biomass con-
centrations. It is clear for the present study and
from an earlier study [8] with Trichoderma spp.
against Acremonium spp. (Cephalosporium) that
high pathogen concentrations may be overcome
only by high concentrations of antagonist inocula.
In a recent series of mature plant trials with pro-
tected lettuce grown in soil, we found that a range
of biotypes of T. harzianum provided protection
against Rhizoctonia solani when added in a ratio of
10: 1, but not when the ratio of antagonist to patho-
gen was 1:1 (C.J. Ridout, J.R. Coley-Smith, and
J.M. Lynch, unpublished).

A further consideration in the in vivo exploita-
tion of antagonists selected in in vitro screens is
their direct effect on plants. Recently we have
shown in a mature plant trial with lettuce that T.
harzianum IMI 275950 increased root and shoot
growth, and this is consistent with other observa-
tions that 7. harzianum can increase plant growth
[1, 17].

In conclusion, this in vitro screening study led
to the identification of a new biocontrol agent, 7.
harzianum IMI 275950, which is showing potential
as a biocontrol agent in the field (N. Magan, P.
Hand, and J.M. Lynch, unpublished); this activity
is probably due at least in part to the production of
some broad-spectrum antibiotics {2].
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