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Abstract

Stem and crown rot caused by Sclerotinia sclerotiorum is a serious disease of alfalfa (Medicago sativa
L.), and effective antagonists are needed for its biological management. This study compared the in vitro
antagonism of three Trichoderma isolates, T. longibrachiatum (FMB 0031), T. harzianum (FMB 0012) and
T. asperellum (FMB 0032), against S. sclerotiorum (FMB 0090) in a dual-culture assay. Pathogen colony
growth toward the antagonist was recorded after 3, 5 and 7 days in a completely randomised design with
three replications, and percentage inhibition of radial growth (PIRG) was calculated relative to the
untreated control. All three antagonists significantly reduced pathogen growth at every observation.
Averaged over the three observations, pathogen growth was 0.48 cm with T. longibrachiatum, 0.56 cm
with T. harzianum and 0.71 cm with T. asperellum, against 3.33 cm in the control. At 7 days, PIRG was
86.5, 85.1 and 78.7%, respectively. T. longibrachiatum and T. harzianum did not differ significantly, and
both suppressed the pathogen more than T. asperellum at 7 days. Inhibition by T. asperellum rose from
73.0% at 3 days to 81.6% at 5 days, then declined, whereas inhibition by the other two isolates was
maintained. T. longibrachiatum and T. harzianum are therefore the more promising candidates for
formulation and further testing against stem and crown rot of alfalfa. Confirmation in pot and field
studies, and study of the mechanisms involved, is still required.

Highlights

* Three Trichoderma species were compared against S. sclerotiorum in dual culture.
+ All antagonists cut pathogen growth by 73-87% over 3-7 days.

* T. longibrachiatum and T. harzianum gave the strongest suppression.

- T. asperellum was weaker and lost some inhibition by day 7.

1. Introduction

Alfalfa (Medicago sativa L.) is a perennial forage legume valued for its protein content, repeated cuttings
and nitrogen fixation (Russelle, 2001). In Pakistan it is a major winter fodder, and its production is limited
by several diseases. Stem and crown rot caused by Sclerotinia sclerotiorum (Lib.) de Bary is among the
most damaging in cool, humid conditions (Bolton et al., 2006).

S. sclerotiorum has a very wide host range and survives in soil as sclerotia for several years (Adams and
Ayers, 1979; Purdy, 1979). These features limit the value of rotation and sanitation, and repeated
fungicide use raises cost, environmental and resistance concerns (Bolton et al., 2006). Biological control
with antagonistic fungi is a promising component of integrated management.

Species of Trichoderma are the most widely used fungal biocontrol agents. They suppress pathogens
through mycoparasitism, antibiosis, competition and induction of plant resistance (Harman et al., 2004;

Vinale et al., 2008; Verma et al., 2007). Their efficacy differs markedly between species and between
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isolates of the same species (Harman, 2006), so candidate antagonists must be compared directly
against the target pathogen before formulation. The dual-culture technique is a standard first screen, as
it exposes the pathogen to competition, diffusible metabolites and hyphal interaction in a single assay
(Dennis and Webster, 1971).

The objective of this study was to compare the in vitro antagonism of three Trichoderma isolates (T.
longibrachiatum, T. harzianum and T. asperellum) against S. sclerotiorum from alfalfa over 3, 5 and 7 days,
in order to identify the most promising antagonist for further development.

2. Materials and methods

2.1. Fungal isolates

The isolates used were S. sclerotiorum FMB 0090 (GenBank accession MT995056), T. asperellum FMB
0032 (MF767444), T. harzianum FMB 0012 (MG029259) and T. longibrachiatum FMB 0031 (MF767445),
all obtained from the Fungal Molecular Biology (FMB) Laboratory culture collection, Department of Plant
Pathology, University of Agriculture, Faisalabad, Pakistan. Cultures held as dried filter-paper stocks were
revived on potato dextrose agar (PDA) by single-hyphal-tip transfer. The isolates were identified on
cultural and morphological characters (colony colour and texture, hyphae, conidiophores and conidia for
Trichoderma; mycelium and sclerotia for S. sclerotiorum) and are held with GenBank accessions as
listed.

2.2. Dual-culture assay

Antagonism was evaluated by the dual-culture technique (Dennis and Webster, 1971). A 6-mm agar disc
from a 4-day-old culture of each antagonist was placed on one side of a PDA plate, and a 6-mm disc of
S. sclerotiorum was placed opposite at a distance of 60 mm. Control plates carried the pathogen alone.
The plates were incubated at 25 + 2°C in the dark. Radial growth of the pathogen toward the antagonist
was measured at 3, 5 and 7 days along the line of approach. Percentage inhibition of radial growth
(PIRG) was calculated as "PIRG (%)"=[(C-T)/C]x100 (Vincent, 1947), where C is pathogen growth in the
control and T is pathogen growth in the presence of the antagonist. The treatments were T1, T.
longibrachiatum; T2, T. harzianum; T3, T. asperellum; and T4, untreated control. The experiment was laid
out in a completely randomized design (CRD) with three replications.

2.3. Statistical analysis

Growth data were analysed as a factorial CRD (treatment x observation day) using Statistix 10
(Analytical Software, Tallahassee, FL, USA). Means were separated by Fisher’s least significant
difference (LSD) test at P< 0.05.

3. Results
3.1. Pathogen growth in dual culture
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All three Trichoderma isolates significantly reduced the growth of S. sclerotiorum compared with the
untreated control at each observation (Table 1, Fig. 1a). Treatment, observation day and their interaction
were significant. Pathogen growth in the control increased from 2.12 cm at 3 days to 4.12 cm at 7 days,
whereas growth in the presence of an antagonist increased only slightly over the same period (for
example, from 0.39 to 0.56 cm with T. longibrachiatum).

Averaged over the three days, pathogen growth was lowest with T. longibrachiatum (0.48 cm), followed
by T. harzianum (0.56 cm) and T. asperellum (0.71 cm); the control mean was 3.33 cm. T. longibrachiatum
and T. harzianum did not differ significantly, and both were significantly better than T. asperellum. At 3
days the three antagonists did not differ from one another. By 7 days, T. asperellum allowed significantly
more pathogen growth (0.88 cm) than T. harzianum (0.61 cm) or T. longibrachiatum (0.56 cm).

3.2. Percentage inhibition

PIRG at 7 days was 86.5% for T. longibrachiatum, 85.1% for T. harzianum and 78.7% for T. asperellum
(Table 2, Fig. 1b). Mean PIRG over the three observations was 85.5, 83.1 and 78.6%, respectively.
Inhibition by T. longibrachiatum and T. harzianum increased between 3 and 5 days (from 81.6 to0 86.7%
and from 76.9 to 84.3%) and was then maintained. Inhibition by T. asperellum increased from 73.0% at 3
days to 81.6% at 5 days but fell to 78.7% at 7 days, because pathogen growth in these plates increased
more between days 5 and 7 (0.69 to 0.88 cm) than in plates with the other antagonists.

Table 1

Growth (cm) of Sclerotinia sclerotiorum toward different
Trichoderma antagonists in dual culture.

Treatment 3days b5days 7days Mean
T. longibrachiatum (T1) 0.39b  0.50c 0.56c 0.48c
T. harzianum (T2) 0.49b 059bc 061c 0.56¢
T. asperellum (T3) 0.57b 0.69b 0.88b 0.71b
Untreated control (T4) 2.12a 3.75a 412a 333a

Values are means of three replications. Within a column, means followed by the same letter do not differ
significantly (Fisher’'s LSD, P < 0.05; LSD = 0.19 for treatment x day means and 0.11 for treatment
means).
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Table 2

Percentage inhibition of radial growth (PIRG) of S. sclerotiorum by
Trichoderma antagonists.

Treatment 3days b5days 7days Mean
T. longibrachiatum (T1)  81.6 86.7 86.5 85.5
T. harzianum (T2) 76.9 84.3 85.1 83.1
T. asperellum (T3) 73.0 81.6 78.7 78.6

PIRG was calculated from treatment means relative to the control mean for the same day; “Mean” is
calculated from the three-day mean growth.

4. Discussion

All three Trichoderma isolates suppressed S. sclerotiorum strongly in dual culture, reducing its growth by
73—-87% relative to the control. T. longibrachiatum and T. harzianum were the most effective, and T.
asperellum was less effective by 7 days. The differences among the antagonists were small in absolute
terms (a range of about 0.3 cm in pathogen growth at 7 days) but consistent across observations, which
supports the ranking. Differences in antagonism among Trichoderma species and isolates are well
known and are attributed to differences in growth rate, secondary metabolite production and hydrolytic
enzyme activity (Harman et al., 2004; Vinale et al., 2008), although these traits were not measured here.

The time course is also informative. The two stronger antagonists reached their highest inhibition by 5
days and maintained it, whereas inhibition by T. asperellum declined between 5 and 7 days as pathogen
growth resumed. A suppression that is not sustained is a disadvantage in a pathogen such as S.
sclerotiorum, which can regrow and form sclerotia once the antagonist’s early advantage is lost. A longer
observation period with measurement of sclerotial production would be needed to confirm whether the
inhibition by each isolate is sustained.

Several limitations apply. The assay is in vitro, on a rich medium and at a single incubation condition, and
dual-culture results do not always predict performance on plants or in soil (Whipps, 2001). Only one
isolate per species was tested, so the differences should be read as differences between isolates rather
than between species. Mechanisms (mycoparasitism, antibiosis, competition) were not examined, and
the number of replications was small. The isolates were identified by morphology with GenBank
accessions held in the culture collection; the molecular identification should be reported in full in any
later study. Nevertheless, the results justify selecting T. longibrachiatum and T. harzianum for formulation
and for pot and field evaluation against stem and crown rot of alfalfa.

5. Conclusions

In dual culture with S. sclerotiorum from alfalfa, T. longibrachiatum (FMB 0031) and T. harzianum (FMB
0012) gave the strongest and most sustained inhibition (86.5% and 85.1% at 7 days), whereas T.
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asperellum (FMB 0032) was less effective (78.7%) and lost some of its early inhibition by day 7. These
two isolates are the better candidates for formulation and for testing in pot and field experiments,
together with studies of the mechanisms of antagonism.
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(a) Growth of S. sclerotiorumin dual culture with three Trichoderma species and in the untreated control,
and (b) percentage inhibition of pathogen growth at 3, 5 and 7 days. Bars are treatment means (n = 3).
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