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ABSTRACT

Sheath blight, caused by the soil-borne fungus Rhizoctonia solani, is among the most persistent diseases of irrigated

rice, and Trichoderma is one of the most frequently proposed biological answers to it. Native isolates, collected from the

soils and rice roots of the region where they will be used, are often preferred on the argument that they are already

adapted to local conditions. This narrative review examines what published work says about that argument, drawing on

the biology of the pathogen, the mechanisms by which Trichoderma suppresses it, the logic of isolate selection,

formulation and delivery, and the design of the experiments that report control. It presents no new data. The evidence for

antagonism is strong at the bench, where mycoparasitism, antibiotic metabolites and competition are readily seen, and

the plant-mediated effects of Trichoderma make a field benefit plausible. The complication is that performance in a dish,

a pot and a paddy are different questions. Results depend on isolate, formulation, timing, water management, canopy

density and the host cultivar, and reports often omit the details needed to judge transfer. Integration with partially

resistant cultivars and carefully timed fungicide use is the realistic setting for biocontrol, not a replacement for either. The

review closes with the evidence a decisive multi-site trial would need to supply.
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1. Introduction
Rice feeds a large share of the world, and the
diseases that attack it are among the quiet
constraints on that task [1, 2]. Of these, sheath
blight, caused by the soil-borne fungus Rhizoctonia
solani, has long been counted among the injuries
that matter most in intensive, irrigated production
[3, 4]. It is the sort of disease a grower learns to
expect: it comes with the dense, well-fertilised,
humid canopy that high-yielding crops tend to
produce, and it is hard to eradicate once the

inoculum is in the field.

Several features of the pathogen explain the
difficulty. Rhizoctonia solani is not a single entity
but a complex of anastomosis groups that differ in
host range and behaviour, and the group that
attacks rice is a particularly capable one [5]. Its
genome points to a rich repertoire of enzymes that
break down plant cell walls, in keeping with a
pathogen that can infect many hosts [6]. Rice itself
offers little help: resistance to sheath blight is
partial and controlled by many genes, and no
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cultivar is immune [7, 8]. Growers therefore lean
on fungicides, with the cost, residue and
resistance concerns that attend any single-site
chemistry [9].

Against this background, biological control with
Trichoderma is an obvious thing to try. These fungi
are common in soil, they parasitise other fungi,
they make antifungal metabolites, and they
colonise roots in ways that can strengthen the
plant [10, 11]. A further argument is often added:
that isolates collected from the soils and rice roots
of the region where they will be used, native
isolates, should be better adapted to local
temperature, water regime and soil than a strain
imported from elsewhere.

What is less clear is how far a result obtained with
an isolate on an agar plate can be trusted to hold
in a paddy. A claim that a native Trichoderma
isolate controls sheath blight has two parts, a
biological one and a practical one, and each can
fail independently. An isolate may be a fine
antagonist in a dish and a poor colonist of rice, or
a good protector in a greenhouse pot and an
unreliable one in a flooded field. This review sets
out what is known about the pathogen, about how
Trichoderma acts against it, and about how
isolates are chosen, formulated and tested, and it
asks how much weight the evidence can carry. The
aim is to separate what has been shown from what
has simply been repeated often.

The article is a narrative review. It draws on
published work on R. solani, on Trichoderma
biology and biocontrol, and on the design of
disease experiments, and it deliberately reports no
new data. Where the literature on rice is thin we
say so, and we describe the evidence a convincing
trial would need to supply, instead of quoting
figures we have not been able to check against
their sources.

2. Literature Review

2.1 Sheath Blight and Its Pathogen
The disease cycle explains much about where
control might be placed (Figure 1). The fungus
survives between seasons as sclerotia and as
mycelium in plant debris, and when fields are
flooded the sclerotia float and lodge on the sheaths
of young plants at the waterline, where lesions
first appear [4]. From there the fungus spreads
upward through the canopy by contact between
tillers and leaves, and the closed, humid
microclimate of a dense crop favours it. Because
the first infections occur at the water surface and
low on the plant, a control agent has to be present
in that same zone at the right time.

Figure 1. Where in the rice season sheath blight
develops and where biocontrol can be placed

(schematic, not data).

The pathogen is variable. Anastomosis groups
differ in host range and in pathogenicity [5], and
genome work shows a fungus well equipped to
degrade plant tissue [6]. This matters for
biocontrol studies because the choice of pathogen
isolate used in a test is part of the experiment. An
agent that suppresses one strain in a dish may
behave differently against another, and a report
that names only the species cannot be repeated
with confidence. This is one reason the same
isolate can look excellent in one report and
unremarkable in the next.

Host resistance is the other half of the picture.
Decades of work have identified cultivars with a
degree of tolerance and a number of regions of the
rice genome that contribute to it, but the
resistance is quantitative and incomplete [7, 8].
For a biocontrol agent that is a mixed blessing. It
means that no cultivar removes the need for
further measures, but it also means that a
biological agent has a realistic role as one
component of a package, not as a lone answer.

2.2 Trichoderma as a Biocontrol Agent
Trichoderma is a genus of filamentous fungi that
live in soil, on decaying wood and on roots, and its
species are best known to plant pathologists as
antagonists of other fungi [12, 13]. Comparative
genome work suggests that attacking other fungi
is the ancestral way of life of the genus, from
which the ability to live with plants later developed
[14]. The same work, and the broader genomic
reviews that followed, describe a group that is
metabolically versatile and competitive in complex
microbial communities [15, 16].

This history matters for how Trichoderma should
be described. It is better understood as an
opportunistic, largely avirulent plant symbiont
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than as a simple pesticide in a bag [10], and its
effects on a crop come from several processes
acting together. Some of those processes are
direct, aimed at the pathogen. Others are indirect,
mediated by the plant. A sheath blight trial that
measures only final disease score cannot say
which was at work, and the answer bears on
whether the effect will transfer to another cultivar,
soil or season. A fungus that has had time to
establish behaves differently from one that arrives
the same day as the pathogen.

Taxonomy is a quiet source of confusion. Species
within the genus differ in behaviour, and older
reports that name only a broad species concept,
often T. harzianum or T. viride, may cover isolates
that modern identification would separate [12, 15].
For native isolates, which are by definition
collected rather than bought, identification to
species level, ideally with sequence data and a
deposited culture, is the minimum that lets a later
reader know what was tested.

2.3 How Trichoderma Acts Against
Rhizoctonia solani

The best-documented mechanism is
mycoparasitism. Microscopy has shown
Trichoderma hyphae coiling around those of R.
solani and related soil-borne fungi, adhering to
them and in places penetrating the wall [17]. The
enzymes involved, chitinases and glucanases
among them, attack the structural polymers of the
target cell wall [18, 19], and genes for such
enzymes have been used to improve resistance in
transgenic plants, which indirectly shows how
central they are to the antagonism [20]. These are
laboratory observations of striking clarity.

Antibiosis is the second route. Trichoderma
species produce a long list of antifungal
metabolites, diffusible and volatile [21, 22], and
some of these compounds also act on the plant,
affecting growth and defence [23, 24].
Competition for nutrients and space is the third,
and it is harder to demonstrate directly, although
the speed with which the genus colonises
substrates is a long-recognised part of its ecology
[25, 26]. The relative weight of the three is not
settled and probably differs between isolates,
which is one reason a single mechanism assay
seldom predicts how an isolate will behave on a
crop. Genomic surveys make the same point,
showing a large and varied set of genes behind
these activities across the genus [15]. Table 1
summarises the mechanisms and sets beside each
of them what it would need to work in a flooded
field.

Table 1. Mechanisms by which Trichoderma
acts against Rhizoctonia solani, and what
each needs in the field.

Mechanism Seen at the bench Needed in the field

Mycoparasitism

Coiling around
hyphae, wall
penetration, lytic
enzymes [17, 18, 20]

Contact with the
pathogen at the
sheath or in debris

Antibiosis
Diffusible and volatile
metabolites that slow
the pathogen [21, 23]

Metabolite
production under
flooded, low-oxygen
conditions

Competition
Faster growth, use of
nutrients and space
[25, 26]

Establishment before
the pathogen builds
up

Induced
resistance

Defence responses
switched on in the
host [27, 28, 29]

Root colonisation that
persists through the
season

Growth
promotion

Larger seedlings,
altered root growth
[31, 33]

A response that is not
masked by fertiliser

Note: Qualitative summary of the cited literature. A
mechanism seen on an agar plate is a hypothesis for the
paddy, not a result.

Nothing in the table is controversial. What it
shows is the difference between a mechanism and
a result. Each mechanism has conditions under
which it is seen, and the conditions of a
dual-culture plate, with a nutrient-rich medium, a
short distance between the fungi and no
competing microbes, are not those of the sheath
zone of a rice plant standing in water. Small
differences of this kind decide whether a fungus
gets a foothold or not.

2.4 Plant-Mediated Effects: Resistance and
Growth
A second line of argument for Trichoderma has
little to do with the pathogen at all. Colonisation of
roots by the fungus can switch on defence
responses in the plant, shown in cucumber [27],
and reviews describe systemic changes in defence
signalling that follow colonisation by beneficial
fungi [28, 29]. Colonisation itself seems to involve
the fungus managing the plant’s early defence
response, so that it can establish without being
rejected [30].

Growth effects are reported as well. In
Arabidopsis, one species enhanced biomass and
lateral root growth through an auxin-dependent
route [31], and surveys of the plant-beneficial
effects of the genus describe a range of responses
that depend on the strain and the plant [32]. In
rice, inoculation with Trichoderma has been
reported to alter seedling growth and physiology
[33]. Seed treatment with T. harzianum has been
reported to reduce several kinds of stress in
germinating seeds and seedlings [34].
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The honest reading of this literature is that the
plant-mediated route makes a field benefit
plausible, but it also makes the result harder to
predict. A response in which the plant plays a part
will depend on the cultivar, the nutrition and the
stage of growth, and it is exactly the kind of
response that a pot trial with one cultivar cannot
fully reveal. Reports that attribute a reduction in
sheath blight to antagonism, when the plant may
have contributed, should be read with that in
mind.

2.5 Native Isolates and the Problem of
Colonisation
The case for native isolates rests on adaptation. An
isolate taken from the soil or roots of local paddies
has, in some sense, already survived the
temperature range, water regime and microbial
community of the place. That is a reasonable
expectation, and it is the reason many
programmes begin by sampling locally. It is not,
however, a demonstrated rule. An isolate that
survives in a soil may be a poor colonist of the rice
root, and an isolate from a dry upland soil may
behave very differently in a flooded one.

Rhizosphere competence, the ability to establish
and persist on and around roots, is a property that
has been emphasised for years as central to the
success of a root-applied agent [35, 36]. It cannot
be inferred from a plate assay. The same body of
work argues that strains within a species differ in
this respect and that the way an agent is applied
can matter as much as the strain [35]. For sheath
blight the question is sharper still, because the
target zone is not only the root but also the base of
the sheath at the water surface.

Native isolates raise one further question: what is
the comparison? An isolate is said to be better
adapted than an imported one, but trials that
include both are scarce. Without that arm, local
adaptation is an assumption. Without an arm for a
standard fungicide, the practical scale of any
effect cannot be judged. These are design
questions, not reasons to doubt Trichoderma.
Reviews of this kind are more useful when they say
where the evidence stops than when they smooth
it over.

2.6 Formulation, Delivery and the Road to a
Product
Between an isolate and a product lies formulation.
Spores or mycelium have to be produced, carried
in a material that keeps them alive, stored,
transported and applied by seed coating, soil
application or spray. The review literature on
microbial inoculants makes the general point that

a good organism is not enough: carrier, additives
and storage conditions decide whether enough
viable cells reach the field [37, 38]. Most of that
work concerns bacteria, so the lessons are
transferred by analogy, but the logic applies to
fungal agents too.

Reviews of Trichoderma-based products describe a
wide range of formulations on the market and the
difficulty of moving a promising isolate through to
a reliable product [11, 39]. Knowing how an agent
works matters here beyond the question of
efficacy, because mode of action informs what to
select for, how to apply it and how to describe it to
regulators and users [40]. A report that
characterises its isolate only by plate inhibition
leaves almost all of those questions open.

3. Materials and Methods

3.1 Scope and Question

The review asks one question in two parts: is there
good reason to expect that native Trichoderma
isolates can suppress sheath blight of rice under
field conditions, and how consistent is the
evidence that they do? The question was divided
into sub-questions that any study would have to
answer: how the isolate was obtained and
identified, how the pathogen was chosen and
applied, how disease was measured, how the
design handled replication and variation between
sites and seasons, and how the agent was
formulated and applied.

3.2 Literature Assembly

The review draws on peer-reviewed work in four
areas: the biology and genetics of R. solani and of
sheath blight resistance in rice; the taxonomy,
genomics and mechanisms of Trichoderma;
formulation and the development of microbial
products; and the methodology of experiments and
their statistics. Sources were chosen for relevance,
standing in the field and the clarity of their
methods. Work on other crops, on other pathogens
and on bacterial agents is used for what it teaches
about mechanisms and limits, not as evidence of
effect in rice.

We did not run a formal systematic search and we
do not claim one. This is a narrative synthesis, and
the choice of sources reflects the authors’
judgement. The practical consequence is that the
review is a better guide to what a sound study
should contain than to the exact size of any
reported effect, and it avoids quoting figures from
individual field trials that could not be checked
against the primary papers for this article.
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3.3 Appraisal Framework
To judge how far a report can be trusted we asked
a short set of questions, listed in Table 2. They
concern the identity of the isolate and of the
pathogen strain, the unit of replication, the way
disease was scored and the presence of a standard
comparator. Statistical questions were framed by
the long-standing concern about pseudoreplication
[41], by the evidence that published results in
many fields are less reliable than they appear [42],
and by the argument for reporting estimates with
their uncertainty rather than only significance
tests [43].

Table 2. Questions used to read a report of
Trichoderma biocontrol of sheath blight.

Question Why it matters Weak answer looks
like

How was the
isolate
identified?

Species differ in
behaviour [12]

Genus only, no
sequence or deposit

What was the
pathogen
source?

Strains of the
pathogen differ in
aggressiveness [5]

Single unstated strain

What was the
unit of
replication?

Overstated precision
otherwise [41]

Plants as replicates in
one tray or plot

How was
disease scored?

Scales differ between
studies Method not described

Was a fungicide
comparator
included?

Gives the effect a
practical scale

No standard
treatment

Note: The questions are the authors’ appraisal
framework, not a scoring scheme.

4. Results

4.1 What the Bench Shows
At the bench the evidence is strong and consistent
in kind. Trichoderma isolates inhibit R. solani on
plates, coil around its hyphae and make enzymes
and metabolites that damage it [17, 18, 21]. Early
work on R. solani in a field crop, strawberry,
reported suppression by T. harzianum [44], and
bacterial agents have been characterised against
the rice sheath blight pathogen in similar ways
[45]. A native isolate that fails to inhibit the
pathogen in a dish is unlikely to be of interest, so
the plate is a reasonable first filter.

The limit of that filter is what it measures. It shows
capacity for antagonism under convenient
conditions. It does not show that the agent will
reach the sheath, grow there, produce its
metabolites at the right time, or survive the rest of
the season. A plate result is best treated as a
screen that removes poor candidates, not as a
prediction of control, and the risk of mistaking one
for the other is the main practical hazard in this

field. The point is not that a study is poor, only that
its result travels less far than its abstract suggests.

4.2 From Dish to Pot to Paddy
Each level of testing answers a different question
(Figure 2). The plate has the best control of
conditions and is the clearest about mechanism,
but it is the furthest from the crop. A greenhouse
or pot trial puts a living rice plant and a pathogen
in the same pot, with temperature, humidity and
inoculum under the experimenter’s control. It is
therefore the right place to ask whether an isolate
protects rice at all. A field trial is the least
controlled and the least informative about
mechanism, but it is the only one that tests the
claim a farmer cares about.

Moving from pot to field changes several things at
once. The water is deeper and moves. The canopy
is denser and carries its own microclimate. The
soil holds a resident microbial community that the
introduced fungus must live among [36]. The
pathogen arrives as natural inoculum in sclerotia
and debris and not as a measured dose applied at
a chosen moment [4]. A result that holds when all
of this is varied is worth far more than one
obtained under a single set of conditions, and
reports that include several sites or seasons are
accordingly more informative than reports from
one.

Figure 2. What each level of testing can tell the
reader (qualitative judgement, not data).

Few reports provide that breadth. The published
literature on Trichoderma biocontrol across crops
offers many plate and greenhouse results and
many field trials from single sites, and it has long
been observed that field performance is more
variable than laboratory performance [26, 35]. We
cannot give a figure for that variability without
quoting numbers from particular trials, which this
review does not do. The qualitative pattern,
however, is consistent across the sources we
examined. Read this way, a failure to see an effect
in one small trial is not proof that none exists.
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4.3 Why Results Differ: Isolate, Formulation,
Timing, Environment

The sources of inconsistency are listed in Table 3.
The first is the isolate itself. Species and strains
differ in the traits that matter [13], and genome
comparisons show how diverse the genus is [15].
The second is formulation: the carrier and the
storage conditions determine how many viable
propagules reach the field, and the literature on
inoculants documents the loss of viability as a
major cause of failure [37, 38]. The third is timing.
An agent has to be established before the
pathogen builds up, which is the reason seed and
seedling treatments feature in many programmes
[34, 35].

The environment is the fourth source and probably
the most important. Flooding changes the oxygen
available to a fungus, and a dense canopy changes
the humidity and temperature at the sheath, which
also favour the pathogen [4, 36]. A Trichoderma
isolate may do well in a season that is cool and
open, and poorly in one that is hot and humid, and
a trial in a single season cannot show which. The
fifth is the cultivar. Partial resistance varies
between varieties [7, 8], and the added effect of a
biological agent on a tolerant cultivar may differ
from its effect on a susceptible one.

Table 3. Sources of variation between bench,
pot and field results.

Source of
variation Why it matters What to report

Isolate and
species

Antagonism differs
between strains [13, 15]

Identity, origin,
deposit

Formulation
Survival and shelf life
depend on carrier [37,
38]

Carrier, viable count,
storage

Timing and
placement

Colonisation must
precede infection [34,
35]

Seed, soil or foliar;
dates

Water and
canopy

Flooding and dense
canopy shape both fungi
[4, 36]

Water regime,
spacing, fertiliser

Host cultivar Partial resistance varies
[7, 8]

Cultivar and its
reaction

Chemical
programme

Fungicides can harm the
agent [9]

Product, dose,
spacing from the
agent

Note: Qualitative. The right-hand column states what a
report should say so that a reader can judge transfer.

These factors interact, and that is what makes
consistent field results hard to obtain. A good
isolate in a poor formulation applied late in a
dense canopy will do little, and the same isolate in
a good formulation applied early may do a great
deal. When a study reports only the final disease
score, the reader cannot tell which combination

was tested. The three rows of Table 3 that matter
most for the interpretation of a negative result are
formulation, timing and water regime; a failure
under one set does not condemn the isolate. A
control that disappears when the season changes
is not a control a farmer can plan around.

4.4 Integration with Host Resistance and
Fungicides
Because partial resistance is the best that rice
currently offers [7, 8], and because biological
control rarely gives complete protection, the
realistic role for Trichoderma is within an
integrated programme. A partially resistant
cultivar slows the epidemic; a well-timed fungicide
can suppress it when pressure is high; a biological
agent may reduce initial infection or add to the
plant’s own defences. The combination may be
more consistent than any one measure, although
that remains a proposition to be tested, not an
established result.

Compatibility is the practical difficulty. Fungicides
are designed to inhibit fungi, and Trichoderma is a
fungus. Single-site chemistries such as the
strobilurins act on a specific target in fungal
respiration [9], and whether a given product at a
given dose harms the introduced agent is a matter
for direct test. Spacing applications so that the
agent is established before a fungicide is used, or
choosing products with less activity against it, are
possible solutions, but reports that examine such
combinations in rice are not numerous enough for
us to draw a general rule. Until such combinations
are tested directly, any claim of an additive benefit
is best treated as a hypothesis.

A staged route for deciding whether a native
isolate deserves field testing is sketched in Figure
3. The sketch is not a protocol. It makes the point
that each stage answers a different question and
that an isolate should be dropped or revised when
it fails one, not carried forward on the strength of
an earlier success. The final stage is the one most
often skipped: a multi-site trial with arms for
cultivar resistance and a standard fungicide.

4.5 Reading a Claim of Control
A reader meeting a claim that a native isolate
controls sheath blight can ask a short sequence of
questions. How was the isolate identified, and is it
deposited? Which pathogen strain was used, and
how was it applied? What was the unit of
replication, and how was uncertainty reported [41,
43]? Was a standard fungicide included as a
comparator? Was the effect seen in more than one
season or site? A report that answers all five is
uncommon, and one that answers none should be
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read as an observation, not as evidence of effect.

Figure 3. A staged route for advancing a native
isolate (schematic decision tree, not data).

Context is the other half of a claim. A result from
one paddy in one season says what happened
there, and the reader needs the water regime, the
planting density, the fertiliser programme and the
weather to judge whether it applies elsewhere.
Without them, even a sound experiment becomes
an anecdote that is hard to compare with the next
one [36, 40].

Small studies deserve particular caution.
Estimates from small experiments are unstable,
and those that reach significance tend to overstate
the effect [42]. Where several plots are sampled
within a single field the field is the replicate, not
the plot, and treating plots as independent inflates
apparent precision [41]. These problems are
shared with much of applied biology and
Trichoderma is not special in having them; they
matter here because the case for biocontrol rests
heavily on this kind of study.

5. Discussion

5.1 Interpretation
The central finding of this review is a conditional
one. There is strong evidence that Trichoderma
can antagonise R. solani and good reason to think
it can help the rice plant, and there is much less
evidence that any particular native isolate will
deliver steady control in the field. The gap
between those two statements is not a failing of
the fungus. It is a consequence of how the
question has been studied, with a heavy weight on
mechanisms and a light one on multi-site,
multi-season field performance. Nothing in this
reading argues against using Trichoderma; it

argues for measuring what happens when it is
used.

Native origin does not close that gap. Adaptation is
an argument for sampling locally, and local
isolates are a sensible place to begin, but nothing
in the literature we reviewed shows that a native
isolate outperforms a well-chosen non-native one
where both have been compared in the same trial.
The advantage of the native isolate may lie
elsewhere, for instance in the speed with which a
local programme can collect, characterise and
deploy it, and in the ecological comfort of using an
organism already present in the system.

The second conditional concerns formulation and
timing. A promising isolate is wasted by a poor
carrier or a late application. The literature on
inoculants is clear that survival through
production, storage and application is a problem to
be solved deliberately [37, 38], and the
commercial experience described for the genus
suggests that this step takes as much effort as
finding the isolate [11, 39]. These points apply
with equal force to any microbial agent, not only to
Trichoderma.

Three findings would change this reading. A
multi-site, multi-season trial showing steady
suppression by a named native isolate, relative to
an untreated control and a standard fungicide,
would settle the case for that isolate in those
conditions. Evidence that suppression arises
mainly through the plant rather than the pathogen
would shift attention to cultivar interactions and
colonisation. And a systematic comparison of
native and non-native isolates in the same
experiments would show whether local origin
carries any measurable advantage.

5.2 Limitations
This is a narrative review and shares the
limitations of that form. The selection of sources
reflects judgement, no formal search or quality
scoring was done, and the review does not quote
numerical results from individual field trials,
because these could not be checked against the
primary reports for this article. A reader who
needs an effect size should consult the original
studies directly, applying the appraisal questions
above, or wait for a formal systematic review with
meta-analysis.

The review also draws on evidence from other
crops, other pathogens and other microbial
agents, which are imperfect proxies for rice and
sheath blight. Mechanistic work was done on
model plants and on dicot crops [27, 31], and
formulation lessons come largely from bacterial
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inoculants [37, 38]. We have used such evidence to
frame hypotheses, and the conclusions should be
read in that light.

5.3 Implications for Trial Design

A trial that could settle the question would identify
the isolate to species and deposit it, and state the
source and strain of the pathogen. It would include
an untreated control, a standard fungicide
comparator, a non-native reference isolate and,
where possible, a partially resistant and a
susceptible cultivar. It would record the
formulation, the dose, the date and the placement
of each application, and it would verify that the
agent was present at the sheath and root, not only
in the bag.

The statistical design would treat the field or block
as the unit of replication, not the plot or the plant,
with enough sites and seasons to see variation
between them [41]. Disease would be scored by a
described method at fixed stages, and results
would be reported as estimates with intervals,
together with yield where possible [43]. These
requirements are demanding, but they are the
ones that separate a result a grower can use from
one that only supports a hunch.

5.4 Directions for Future Work

Three needs stand out. First, a formal systematic
review of Trichoderma field trials against sheath
blight, with a transparent search and quality
appraisal, ideally with a synthesis that treats
between-site variation as a finding to be explained.
Second, side-by-side field comparisons of native
and non-native isolates, in formulations that can
be defended, with arms for resistance and
fungicide. Third, work on how colonisation of rice
roots and sheaths by Trichoderma actually
proceeds in flooded fields, because the
mechanisms best documented at the bench have
not been demonstrated at the sheath [16, 40].

5.5 Practical Reading for Advisers and
Growers

For an adviser, the sensible position is neither to
dismiss Trichoderma nor to promise results. A
grower who wishes to try a native isolate can do so
as a small, recorded pilot: treated and untreated
strips in the same field, on the same cultivar, with
the same water and nutrient management, and
with disease scored in the same way on both.
Notes on the product used, the date and the
weather are as valuable as the disease scores,
because they let the result be interpreted later
[41, 43].

Such a pilot is not a substitute for a trial and
should not be reported as one. It can nonetheless
tell a grower whether the practice is workable on
the farm, whether the timing fits the routine, and
whether any difference is large enough to notice
against the ordinary variation between parts of a
field. Its value lies in local decision-making, and
the broader question of effect size will be settled
by designed trials and by systematic synthesis
[42].

6. Conclusion
Native Trichoderma isolates are a reasonable and
attractive candidate for the biological control of
rice sheath blight. The evidence for antagonism in
the laboratory is strong, and the plant-mediated
effects of the genus make a field benefit plausible.
The evidence, as we can responsibly summarise it,
does not yet establish that any particular native
isolate gives consistent control in the paddy, and
results depend on the isolate, the formulation, the
timing, the water regime, the canopy and the
cultivar. Readers should treat claims of reliable
control with caution until they meet the standards
set out here.

For the practitioner the message is practical
rather than discouraging. A native isolate can be
tried, provided it is identified, formulated and
applied with care, and integrated with a partially
resistant cultivar and sensible fungicide use. For
the researcher, the opportunity is a set of
multi-site trials that are large enough, long enough
and well enough described to turn a plausible idea
into a measured result on which rice growers can
rely.
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