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ABSTRACT

Hoitink, H. A. J., Madden, L. V., and Dorrance, A. E. 2006. Systemic
resistance induced by Trichoderma spp.: Interactions between the host,
the pathogen, the biocontrol agent, and soil organic matter quality.
Phytopathology 96:186-189.

Several factors affect the ability of Trichoderma spp. to provide
systemic disease control. This paper focuses on the role of the substrate in
which plants are grown, resistance of the host to disease, and the ability
of introduced Trichoderma inoculum to spread under commercial
conditions. Several reports reveal that foliar disease control provided by
Trichoderma spp. is more effective on plants grown in compost-amended
media compared with in lower-in-microbial-carrying-capacity sphagnum
peat media. In Rhododendron spp., host resistance affects control of
Phytophthora dieback provided by Trichoderma spp. For example,
T. hamatum 382 (T382) significantly (P = 0.05) suppressed the disease on

susceptible cv. Roseum Elegans while plant vigor was increased. The
disease was not suppressed, however, on highly susceptible cvs. Aglo and
PIM Elite even though the vigor of these plants was increased. Using a
strain-specific polymerase chain reaction assay under commercial con-
ditions, it was demonstrated that introduced inoculum of T382 did not
spread frequently from inoculated to control compost-amended media.
Other Trichoderma isolates typically are abundant in control media within
days after potting unless inoculated with a specific Trichoderma isolate.
Thus, the low population of isolates that can induce systemic resistance
in composting and potting mix environments may explain why most
compost-amended substrates do not naturally suppress foliar diseases.

Additional keywords: biological control, Botryosphaeria dothidea, Myrica
pennsylvanica, Phytophthora citricola, Phytophthora citrophthora, Phy-
tophthora parasitica.

Composts applied to soils frequently have been shown to sup-
press the severity of diseases caused by soilborne plant pathogens,
particularly those caused by Pythium and Phytophthora spp. (4,7,
12,33). The degree of suppression obtained varies and several
factors contribute to efficacy. An in depth review of this topic for
field soils was published recently (31). Composts have been used
successfully for container-produced plants, the focus of this paper,
particularly when inoculated with specific biocontrol agents
(5,12). Even foliar diseases can be affected by such inoculants
although composts typically do not provide this systemic effect
naturally (18,25).

Early during the development of container media, it was learned
that peat mixes generally do not suppress Pythium or Phytoph-
thora root rots. Even if they are suppressed initially in peat mixes,
the effect is short term in nature (3). Fungicides such as metalaxyl
that can effectively control these root rots were not available until
the mid-1970s. Phytophthora root rot therefore posed serious
problems in this industry. During the 1950s, U.S. and Australian
nurseries introduced bark from several different tree species as
peat substitutes into container media. It was observed that “aged”
or composted bark-amended media seemed to naturally suppress
Phytophthora and Pythium root rots. Several reports have sub-
stantiated these observations (2,8,9,14,17,21,29).
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Almost immediately after suppressive media became available,
nurseries increased fertility inputs to shorten production cycles
because Phytophthora root rot no longer posed a threat. The net
result was increased susceptibility of crops such as Rhododen-
drons to Phytophthora spp. that cause shoot blight and dieback
(15). Thus, although free of root rot, susceptible crops still had to
be sprayed on the foliage with fungicides, particularly in humid
climates or where overhead irrigation was used so that leaf
wetness periods were long enough to allow infections to develop.

Specific microbial inoculants. Compost-amended media typi-
cally suppress Pythium and Phytophthora root rots within days
after their formulation (5,12). Even so, only a small percentage of
such media suppress Rhizoctonia damping-off (19,20,32). An
even smaller percentage of composts provides control of foliar
diseases, presumably by inducing systemic resistance to disease
in plants (18). Inoculation of such media with specific biocontrol
agents has provided more predictable control of all three types of
diseases (18-20,24,25).

Systemic effects induced by composts in plants against diseases
are expressed more consistently in the roots than in the foliage of
plants (35,36). Trichoderma hamatum 382 (T382) was identified
as providing the most significant degree of control of foliar dis-
ease from among >500 rhizosphere microorganisms isolated from
2 of 80 different batches of composts which naturally suppressed
foliar diseases (10,18). Isolates of several other Trichoderma spp.
have been described that can reduce the severity of foliar diseases,
presumably by inducing systemic resistance in plants (6,22,
30,34). Populations of T. hamatum and T. harzianum often are
abundant in composts (12,23). Thus, Trichoderma spp. should be



a good candidate for inoculation of composts to provide control
of foliar diseases more consistently.

The mechanisms by which beneficial rhizosphere microorgan-
isms induce systemic resistance in plants differ (11,26). It is not
known how Trichoderma isolates induce this effect in plants (11).
Some isolates activate pathogenesis-related protein synthesis be-
fore the pathogen invades the host plant (11), whereas others such
as T. hamatum 382 (T382) do not have this effect (36). Even so,
the population of the pathogen as well as the severity of the
disease can be reduced by any of several Trichoderma isolates
(10,11,17,18,36).

Role of the substrate in induced resistance. Several reports
show that potting mixes prepared with sphagnum peat do not in-
duce systemic resistance in plants (17,18,25,36). Although inocu-
lation of peat mixes with some biocontrol agents can lead to
systemic resistance, amendment of such media with composts in-
creases efficacy. For example, Fusarium crown and root rot of
tomato induced by the biocontrol agent Pythium oligandrum is
enhanced by amending a sphagnum peat mix with compost (25).
Similarly, suppression of Phytophthora crown and root rot and of
leaf blight induced by T382 in cucumber against Phytophthora
capsici is more consistent in a peat mix if amended with com-
posted dairy manure (17). Furthermore, powdery mildew and
Botrytis blight of begonia have been suppressed more effectively
by T382 in a compost-amended mix than in the control sphagnum
peat mix (16).

The degree of protection provided by isolates of Trichoderma
spp. that induce systemic resistance in plants can be as effective
as that provided by fungicides. For example, the degree of control
provided by T382 against Phytophthora capsici in cuacumber was
as effective as that provided by a drench with metalaxyl (17). Fur-
thermore, control of powdery mildew and Botrytis blight of begonia
was as effective as that provided by topical sprays with piperon
and chlorothalonil, respectively (16). The foregoing suggests that
the degree of systemic disease control that can be provided by
Trichoderma isolates should be good enough to be of interest to
growers. Since laboratory studies have shown that composts used
widely by the nursery industry seem to enhance the level of resis-
tance induced and because such natural field-scale produced com-
posts typically do not provide this effect, opportunities are excel-
lent for improving efficacy through the introduction of controlled
inoculants. The following section provides information on the
spectrum of diseases that have been reduced in severity in nur-
series by this novel approach to control foliar diseases with
composts.

Efficacy of Trichoderma-fortified composts in nurseries. To
determine the practical significance of the suppressive effect pro-
vided by systemic induced resistance under commercial condi-

TABLE 1. Suppression of Botryosphaeria dieback on Myrica pennsylvanica
induced by Trichoderma hamatum 382 (T382) in a compost-amended con-
tainer medium

Container Median dieback Mean plants Mean symptomless
medium? severity? killed (%)® plants (%)
Control 2.4 20.8 25.0

T382 1.5%¢ 6.3*% 66.7*

4 Control container medium and the same but inoculated with T382 (120 g of
dry granular inoculum m~ medium).

b Dieback severity rating based on four blocks of 12 plants per treatment de-
termined on 16 May 2002, using a scale in which 1 = symptomless and 4 =
dead plant. Plants were considered as subsamples within each block and
treatment. Severity rating was analyzed with a nonparametric analysis based
on ranks, as described in Shah and Madden (28). Percentages were analyzed
with analysis of variance, after first transforming the data with the angular
transformation; means were back-transformed to percentages for presen-
tation purposes.

¢ * Indicates that the mean for T382 was significantly (P = 0.05) different
from the mean for the control, based on an F test of a contrast of the means
of transformed percentages or means of the ranks.

tions, demonstration trials were performed in nurseries with T382
in a widely used container medium (13). It was prepared from the
following ingredients: 65% aged (composted) pine bark (all parti-
cles <20 mm diameter), 15% light fibrous sphagnum peat, 10%
composted municipal sewage sludge, 7% expanded shale, and 3%
sharp silica sand, all on a volume basis. Chemical additives were
dolomitic lime stone (2 kg m™), gypsum (1 kg m™), and slow
release fertilizer at the recommended rates for the crops used. The
temperature of both composts was >50°C. The container medium
was inoculated during its formulation with T382 by adding 120 g
of a granular preparation of 7. hamatum 382 produced by Sylvan
Bioproducts, Inc. (West Hills Industrial Park, Kittanning, PA) per
cubic meter of potting medium. The mixture was blended for
3 min in a mixer and water was added to adjust its total water
content to within the range of 50 to 55%. Addition of water also
decreased the temperature of the mix to <35°C so that the intro-
duced inoculum could survive and colonize the substrate before
wild-type Trichoderma isolates colonized this niche. The control
medium was not inoculated with T382. The population of T382 in
the media was monitored by dilution plating on a Trichoderma-
selective medium, as described in Khan et al. (17). The identity of
presumptive isolates of T382 was verified with a polymerase
chain reaction (PCR) assay (1).

In one case study in a nursery, rooted cuttings of Myrica pennsyl-
vanica that had become infected with Botryosphaeria dothidea
during propagation were repotted into the control container me-
dium but inoculated with T382. A Botryosphaeria leaf blight and
stem dieback epidemic developed naturally after potting while the
crop broke dormancy and produced new growth (13). A high
percentage (21%) of plants in the control medium were killed by
the disease and only 25% remained symptomless (Table 1). In
contrast, 6% of the plants in the T382-inoculated medium were
killed, whereas 67% of the plants remained symptomless. Thus,
inoculation of the container medium with T382 significantly (P =
0.05) suppressed the severity of Botryosphaeria dieback.

In another case study in a nursery, but with rooted cuttings of
Rhododendron catawbiense cv. Roseum Elegans, a natural Phy-
tophthora dieback epidemic developed (13). The pathogens that
caused the epidemic were identified as Phytophthora citrophthora
and Phytophthora citricola, based on morphological characteris-
tics and internal transcribed spacer sequence (27). The area under
the disease progress curve, based on the number of plants with
symptoms over time, revealed that the introduced Trichoderma
inoculum significantly (P = 0.05) reduced the incidence of
Phytophthora dieback under very high disease pressures (Table
2). In another case study with the Rhododendron cvs. Aglo and
PIM Elite, Phytophthora parasitica caused a severe Phytophthora
leaf blight and stem dieback epidemic. Most plants of both culti-

TABLE 2. Suppression of Phytophthora shoot blight and dieback on Rhodo-
dendron cv. Roseum Elegans induced by Trichoderma hamatum 382 (T382) in
a compost-amended container medium

Disease incidence

Treatment® % Plants killed® AUDPC?
Control 83.7 826.2
T382 T1.7%¢ 701.8%*

4 Control container medium and the same but inoculated with T382 (120 g of
dry granular inoculum m~ medium).

b Plants were potted in October 2002 and evaluated monthly for dieback
symptoms during the 2003 and 2004 growing seasons. Disease incidence
based on four replications of 120 plants per treatment, expressed as percent-
age of plants killed and area under disease progress curve (AUDPC). Plants
were considered subsamples within replications. Percentages were first
transformed with the angular transformation prior to analysis of variance;
means were back-transformed to percentages for presentation purposes.

¢ * Indicates that the mean percentage for T382 was significantly (P = 0.05)
different from the mean for the control based on an F test of a contrast of the
transformed means.
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vars were killed and the introduced inoculum of T382 did
not significantly affect the incidence of Phytophthora dieback. In
spite of this, branching and the vigor of both crops were
increased.

The Phytophthora diseases developed on all three Rhododen-
dron cultivars even though they had been treated at recommended
intervals with the Phytophthora fungicides metalaxyl (Subdue
GR, Syngenta Crop Protection, Inc., Greensboro, NC) and
aluminum tris (O-ethyl phosphonate) (Aliette WDG, Bayer Corp.,
Montvale, NJ). In vitro analysis revealed that the Phytophthora
isolates that caused the epidemic were resistant to metalaxyl
(100 mg mlI™).

In each of the demonstration trials, the population of the
introduced Trichoderma inoculum (T382) increased to 2 to 4 x
10° CFU g! dry weight container medium within 14 days after
potting. It remained at that population thereafter. Other Tricho-
derma isolates typically were present at much lower populations
(<10° CFU g! substrate) in the fortified medium. The introduced
isolate occasionally spread to the control medium in pots placed
immediately adjacent inoculated media. In contrast, the total
Trichoderma population recovered from the control medium
ranged from 2 to 4 x 10° CFU g! dry weight medium, as de-
scribed earlier for such substrates (23). The identity of presump-
tive T382 isolates was confirmed with the PCR assay. Thus, the
introduced Trichoderma inoculum did not spread much under
commercial conditions.

Implications for commercial applications. Suppression of
Phytophthora dieback of Rhododendron cv. Roseum Elegans with
T382 in the full-scale nursery trial verified the systemic effect
induced by this biocontrol agent in Pieris japonica against Phy-
tophthora dieback caused by Phytophthora parasitica (13) and by
isolate T-203 of T. harzianum on pepper (30). It was not as effec-
tive as that reported for T382 on cucumber against P. capsici (17).
On Pieris japonica, the percentage of plants killed by the disease
was reduced from 24% in the control medium to 4% in the me-
dium inoculated with T382 (13). Pieris japonica often recovers
from dieback due to its resistance to Phytophthora relative to
Rhododendron cv. Roseum Elegans. In contrast, lack of signifi-
cant control induced by T382 in the Rhododendron cvs. Aglo and
PIM Elite may be due to their extreme susceptibility to Phytoph-
thora spp. The crown portion and roots of these plants rate among
the most susceptible of more than 500 Rhododendron species and
hybrids and tested for resistance against Phytophthora cinnamomi
(14). Roseum Elegans, although also susceptible to root rot and
dieback, is much more resistant than PIM Elite. It is possible,
therefore, that the systemic effect induced by T382 cannot be
activated in PJM Elite and like cultivars, presumably due to lack
of resistance to the disease. This could limit application of
systemic induced resistance in disease control on some nursery
crops. Another factor that needs to be considered is N fertility
which significantly affects Phytophthora dieback severity on Rho-
dodendron spp. (15). Since introduced Trichoderma isolates may
increase plant vigor (11), a level lower than the standard level of
N fertility might suffice and this would decrease dieback severity
(15).

The foregoing nursery tests revealed that inoculation of con-
tainer media which naturally suppress Phytophthora root rots with
some specific inoculants of Trichoderma spp. can induce systemic
resistance in plants against aggressive foliar Phytophthora spp.
The significance of these findings must be explored further. It
would seem, however, that the suppressive effect observed against
Botryosphaeria dieback may become a novel method of control
for this stress disease. Fungicides that effectively control this
severe disease of woody plants are not available to our knowl-
edge. Because the introduced Trichoderma inoculum did not
spread much naturally, it would seem that opportunities for utili-
zation of this still rather novel approach to disease control should
be bright.
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