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Series Foreword — Techniques
in Plantation Science

Verdant Bioscience, Singapore (VBS), is a new company established in
October 2013 with a vision to develop high-yielding, high-quality planting
material in oil palm and rubber through the application of sound practices
based on scientific innovation in plant breeding. The approach is to fuse
traditional breeding strategies with the latest methods in biotechnology.
These techniques are integrated with expertise and the application of sus-
tainable aspects of agronomy and crop protection, alongside information
and imaging technology which not only find relevance in direct aspects of
plantation practice but also in selection within the breeding programme.
When high-yielding planting material is allied with efficient plantation prac-
tices, it leads to what may be termed ‘intensive sustainable’ production. At
the same time, the quality of new products is refined to give more spe-
cialized uses alongside more commodity-based oil production, thus meeting
the market demands of the modern world community, but with a minimal
harmful footprint. An essential ingredient in all this is having sound and
practical protocols and techniques to allow the realization of the strategies
that are envisaged.

To achieve its aims, VBS acquired an Indonesian company called PT
Timbang Deli Indonesia, with an estate of over 970 ha of land at Timbang
Deli, Deli Serdang, North Sumatra, Indonesia, and the group works under
the name of ‘“Verdant’. A central part of this estate, which will be used for
important plant nurseries and field trials, is the development of the Verdant
Plantation Science Centre (VPSC), to which the operational staff moved in
October 2016. A seed production and marketing facility is now established
at VPSC for commercial seed sales and the processing of seed from breeding
programmes. The centre comprises specialized laboratories in cell biology,
genomics, tissue culture, pollen, soil DNA, plant and soil nutrition, bunch
and oil, agronomy and crop protection. Field facilities include extensive nur-
series, seed gardens and trials (trial sites are also located at various locations
across Indonesia). It is the aim of the company to use its existing and rapidly

printed on 2/13/2023 12:36 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



developing intellectual property (IP) to develop superior cultivars that not
only have outstanding yield but also are resistant to both biotic and abiotic
stresses, while at the same time meeting new market demands. Verdant not
only develops and supplies superior planting materials but also supports its
customers and growers with a package of services and advice in fertilizer
recommendations and crop protection. This is all part of a central mission
to promote green, eco-friendly agriculture.

Brian P. Forster and Peter D.S. Caligari
Lead Scientist and Science Strategy Executive Director
Verdant Bioscience
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Preface to manual: Trichoderma: Disease
Control in Oil Palm

As noted in the Foreword to this Series, a central objective in Verdant
Bioscience’s mission is to breed and sell better, more sustainable varieties
of oil palm, rubber and other plantation crops, through plant breeding. An
essential part of introducing more sustainable varieties is the package of
advice and techniques relevant to the new planting material and its subse-
quent development in the plantation. Thus, one of Verdant’s services is to
provide advice, recommendations and training to growers. Basal stem rot
(BSR) caused by Ganoderma boninense is the major disease of oil palm
in S.E. Asia. The occurrence of this disease is increasing and is particularly
problematic in relation to re-planting oil palm with further rounds of oil
palm. The implementation of a fallow period is being increasingly accepted,
despite the initial economic impact, as a major sustainable practice, particu-
larly as the disease is soil-borne. BSR can cause up to 80% of palm losses in
a plantation especially in later rounds of re-planting. Currently there is little
variation in terms of resistance or tolerance to the disease in commercial
material, although there are some companies who provide material claiming
a modest level of tolerance. So, realistic disease control must rely on agro-
nomic practices, such as fallow periods, but also more recently introduced
is the soil application of Trichoderma during field planting. Trichoderma
is a soil fungus that is antagonistic to Ganoderma. This manual describes
methods for isolating Trichoderma from the wild, in vitro culture methods,
assessing virulence in combatting Ganoderma, commercial production and
application to the soil during field planting of nursery-produced plants. The
manual is one in a series of manuals on Techniques in Plantation Science
and has direct relevant links with other manuals in the series, particularly:
Nursery Practices in Oil Palm, Field Trialling in Oil Palm and Nursery
Screening for Ganoderma Response in Oil Palm Seedlings. Our target audi-
ences are students and researchers in agriculture, plant pathology, agronomy,
growers and end-users interested in the practicalities of sustainable oil palm
production. It provides a resource for training, a knowledge base for those
new to oil palm and a reference guide to managers, particularly if they are
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interested in increasing the sustainability of their production. Our aim is to
help in providing best practices in maximising sustainability and production
of this important and valuable crop.

Brian P. Forster and Peter D.S. Caligari
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Introduction

Abstract

Trichoderma species are filamentous fungi found colonizing various habitats
including plant materials such as stems, leaves, fruits and roots. Trichoderma
species are typically found in soil associated with plant roots. The genus is
of considerable interest for their its potential in the management of plant
diseases. For about 70 years, Trichoderma spp. have been known to attack
other fungi, to produce antibiotics that affect other microbes and to act
as bio-control agents. Biological control using Trichoderma is part of an
integrated approach to manage ‘Basal Stem Rot’ (BSR) disease of oil palm.
BSR, caused by Ganoderma species, is considered to be the greatest threat
to oil palm production in Southeast Asia (the largest area of production of
palm oil). The use of Trichoderma is part of integrated disease management
systems that have been developed to reduce the impact of BSR disease. This
management approach consists of a combination of husbandry and agro-
nomic techniques, chemical, and biological control (especially Trichoderma
application to the soil prior to field planting) and to develop resistant
material through breeding and biotechnological approaches. Currently
there is little resistance to Ganoderma in breeding materials and it will take
time to develop such resistant materials, in which probably the resistance
will never be complete but rather will be partial, so the use of Trichoderma
as a biological control is therefore critical in the management of the disease
both in the shorter-term period as well as being a longer-term part of inte-
grated disease management systems. This introductory chapter describes the
biology of Trichoderma, its ability to attack other fungi and how this can be
harnessed as a biological control measure for BSR.

1.1 Trichoderma - Biology, Life-cycle and Antagonism

Species of the genus Trichoderma belong to one of the most useful groups
of microbes and have many applications (Mukherjee et al., 2013). They

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
and Julie Flood 2019. Trichoderma: Ganoderma Disease Control in Oil Palm 3
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have been widely used as bio-fungicides and plant growth modi-
fiers as well as being sources of enzymes for industrial use. In soil,
Trichoderma species are used in the bioremediation of organic and in-
organic wastes including heavy metals (Schuster and Schmoll, 2010;
Harman, 2011a, 2011b). They are able to colonize plant parts in-
cluding stems, leaves, fruits and roots; some species have been shown
to grow endophytically (Bailey and Melnick, 2013). Trichoderma spe-
cies prefer locations with a large supply of plant roots, which they
promptly colonize. In addition, Trichoderma species attack, parasitize
or derive nutrition from other fungi (Reetha ez al., 2014). Although
Trichoderma species have been considered as soil inhabitants, based on
in situ diversity studies using a taxon-specific metagenomics approach,
Friedl and Druzhinina (2012) suggest that only a relatively small number
are adapted to soil as a habitat. Properly selected isolates interact with
the plant by colonizing roots, establishing chemical communication and
systemically altering the expression of numerous plant genes.

Trichoderma is easily cultured, although a specific pH is required for
maximum growth where these biocontrol agents can be multiplied and target
pathogens controlled. Studies of pH variation by different workers revealed
that Trichoderma isolates show optimum growth and sporulation rates at
different pH values ranging from 2 to 7 (Begoude, 2007). Earlier experi-
ments in India showed that the most favourable pH ranges were between
5.5 and 7.5 in which total dry weight of mycelium varies between 1.41 and
1.35 g. Although all the species of Trichoderma produced sufficient biomass
at different temperatures viz. 20°C, 25°C, 30°C and 35°C, they were found
to grow best at a temperature range of 25°C to 30°C. Aeration by agitation
was also studied, with the greatest biomass recorded at 150 rpm (Singh
et al.,2014).

With respect to life cycle, for many years Trichoderma isolates were
considered asexual (anamorph) clonal lines of formally sexually repro-
ducing species (teleomorphs). However, it was suggested by Tulasne and
Tulasne (18635, see Schuster and Schmoll, 2010) that there was a link to
the sexual state of Hypocrea species, this link was proven experimentally
by Seidl et al., (2009). The limited observations of the sexual stage and the
reasons for this are discussed in more detail by Schmoll (2013). The or-
ganism grows and ramifies as typical fungal hyphae, 5 to 10 pm in diameter.
Asexual sporulation occurs as single cells, usually green conidia (typically
3 to 5 pm in diameter) that are released in large numbers on a repetitively
branched conidiophore structure. Co-intercalary resting chlamydospores
are also formed, these are also single celled, although two or more chlamy-
dospores may be fused together (Gams and Bissett, 1998; Singh et al.,
2012).

Relatively recently, Trichoderma isolates have been identified as being
able to act as endophytic plant symbionts. The isolates become endophytic
in roots, but the greatest changes in gene expression occur in shoots. These
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changes alter plant physiology and may result in the improvement of abiotic
stress resistance, nitrogen fertilizer uptake, resistance to pathogens and photo-
synthetic efficiency. Typically, the net result of these effects is an increase in
plant growth and productivity (Hermosa et al., 2012). They are also able
to induce disease suppression in soils, and this is currently their major use
in oil palm. The complex mechanisms of mycoparasitism, which include
direct growth of Trichoderma toward target fungi, attachment and coiling
of Trichoderma on target fungi, and the production of a range of antifungal
extracellular enzymes have been described (Chet, 1987; Chet et al., 1998;
Zeilinger and Omann, 2007).

1.2 Trichoderma as a Biological Control Agent

Trichoderma spp. produce a wide range of extracellular enzymes, some of
which have been implicated in the biological control of plant diseases (Elad
et al., 1982; Zeilinger and Omann, 2007). The enzymes themselves were
found to be toxic to fungi and mixtures of enzymes were synergistic in their
antifungal properties. Different classes of chitinolytic or glucanolytic enzymes
from Trichoderma are synergistic, as are enzymes from different organisms
(Lorito et al., 1996).

Efficient bio-control isolates of the genus are being developed as promising
biological fungicides, and their weaponry for this function also includes sec-
ondary metabolites with potential applications as novel antibiotics (Schuster
and Schmoll, 2010). They are able to deal with such different environments as
the rich and diversified habitat of a tropical rain forest as well as with the dark
and sterile setting of a biotechnological fermentor or shaker flask. Under all
these conditions, they respond to their environment by regulation of growth,
conidiation, enzyme production, and hence adjust their lifestyle to current con-
ditions, which can be exploited for the benefit of mankind. One of these
environmental factors is the presence or absence of light (Schmoll et al., 2010).

Trichoderma spp. have also been characterized as opportunistic avirulent
symbionts (Harman et al., 2004). The critical characteristic of this association
is the penetration of the plant’s root system by Trichoderma and the persistent
survival of the fungus within living plant tissues. Recent research results,
principally with cocoa, Theobroma cacao, demonstrate that Trichoderma
species can persist not only within the plant’s root system but also within
above-ground tissues in endophytic associations (Evans et al., 2003; Bailey
et al., 2006; Bailey et al., 2008).

Trichoderma species can be re-isolated from surface sterilized cocoa stem
tissue, including the bark and xylem, the apical meristem, and to a lesser degree
from leaves. Scanning Electron Microscopy (SEM) analysis of cocoa stems col-
onized by isolates of four Trichoderma species (Trichoderma ovalisporum-DIS
70a, Trichoderma hamatum-DIS 219b, Trichoderma koningiopsis-DIS
172ai, or Trichoderma harzianum-DIS 219f) showed a preference for
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surface colonization of glandular trichomes versus non-glandular trichomes.
The Trichoderma isolates colonized the glandular trichome tips and formed
swellings resembling appressoria. Hyphae were observed emerging from the
glandular trichomes on surface sterilized stems from cocoa seedlings that
had been inoculated with each of the four Trichoderma isolates. Fungal hy-
phae were observed under the microscope emerging from the trichomes as
soon as 6 h after their isolation from surface sterilized cocoa seedling stems.
Hyphae were also observed, in some cases, emerging from stalk cells opposite
the trichome head. Repeated single trichome/hyphae isolations verified that the
emerging hyphae were the Trichoderma isolates with which, the cocoa seed-
lings had been previously inoculated. Isolates of four Trichoderma species were
able to enter glandular trichomes during the colonization of cocoa stems where
they survived surface sterilization and could be re-isolated. The penetration of
cocoa trichomes may provide the entry point for Trichoderma species into the
cocoa stem allowing systemic colonization of this tissue (Bailey et al., 2009).

Many of the endophytic Trichoderma species isolated from cocoa en-
vironments are being studied for their potential to protect cocoa against dis-
eases. Black Pod (Phytophthora species), Witches’ Broom (Moniliophthora
perniciosa) and Frosty Pod Rot (Moniliophthora roreri) are major cocoa
diseases that colonize above-ground tissues. All three diseases occur in South
and Central America although their distributions vary, as does their relative
importance (Bowers et al., 2001; Wood and Lass, 2001).

1.3 Basal Stem Rot Disease in Oil Palm

Basal stem rot (BSR) was first reported in the Congo (now Democratic
Republic of the Congo) in 1915 (Wakefield, 1920), and although the disease
kills infected palms the incidence was considered too low to be a serious
threat to crop production (Turner, 1981). In Southeast Asia, BSR caused
by various species of Ganoderma is the only disease that is causing serious
losses in field plantings, especially in Malaysia and Indonesia (Susanto,
2009a). Although the disease has been recorded in Africa, Central America
and Papua New Guinea, its impact is less significant (Turner and Gillbanks,
2003). Up to 80% yield losses have been recorded with an estimated loss in
revenue of US$ 500 million per year (Breton et al., 2010; Hushiarian et al.,
2013). The disease is a problem on both mineral and peat soils.

In Indonesia, especially North Sumatra, where most of oil palm plant-
ations are already in their second or third replants, Ganoderma incidence
has increased dramatically. Furthermore, zero burning, as noted in RSPO
(Roundtable on Sustainable Palm Oil) regulation, during the first generation
of planting (from forest) limited the reduction of disease sources on the
old forest trees which are infected by root disease, especially Ganoderma.
In addition, there was only limited understanding of the disease and its
destructive potential for oil palm; now we are more aware. In the first
generation, some Ganoderma incidence was observed but it was considered
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to be only a minor problem and restricted to older oil palms. However, at
replanting (at end of first generation) most Ganoderma infection is in the
bottom part of the oil palm stem and in the bole, therefore the use of a wind-
rowing system of this infected material provided inoculum for subsequent
generations. Disease symptoms were seen earlier in the planting with the
pathogen not only infecting older palms, but also young palms.

Chung (2011) estimated the economic loss of a single palm due to basal
stem rot at ages of 10, 15 and 20 years to be RM 2100 ($508), RM 1400
($339) and RM 700 ($169) respectively, so infection with the pathogen at
an earlier stage in the planting has significant economic impact. In one oil
palm estate in North Sumatra, Indonesia, a census was conducted in 2011,
using Global Positioning System (GPS) in order to record the percentage
Ganoderma infection of palms <6 years old, as 0-1.5%. Percentage infec-
tion increased dramatically in palms >16 years old to 13-87% (this included
vacant points which usually would have been as a result of Ganoderma infec-
tion) with a stand per hectare ranging from 35 to 119 palms in the worst
affected fields (Virdiana et al., 2012b).

Consequently, BSR is particularly devastating in plantations where oil
palm is grown continuously. Successive re-planting, a common practice, brings
about early and more frequent disease incidence with a major impact on
yield (Breton et al., 2010; Purba et al., 2012). Indonesia and Malaysia are
the two main producers of palm oil, and the main countries impacted by
Ganoderma infection, although infection is increasing now in PNG (Papua
New Guinea) too (Pilotti et al., 2004). There is therefore a concerted effort in
seeking methods to manage this devastating disease (Hama-Ali et al., 2014;
Rakib et al., 2015).

1.4 Causes of Basal Stem Rot Disease

Root and stem rots caused by Ganoderma boninense were first described in
1915 in the Congo, West Africa, as a disease of senescing palms (Wakefield,
1920). The disease was first identified in Malaysia by Thomson (1931). In
many parts of the world, fifteen species of Ganoderma have been recorded
as likely pathogens (Turner, 1981). Ho and Nawawi (1985) concluded that
all Ganoderma isolates from diseased oil palms from various locations
in Malaysia were all the same species, G. boninense. However, morpho-
logical characters of the basidiomata suggest other species of Ganoderma
were involved, namely G. boninense, G. miniatocintum and G. zonatum
(Khairudin, 1990; Idris and Ariffin, 2004).

In Indonesia, the oil palm industry has developed rapidly since 2011,
replacing Malaysia as the world’s biggest producer in the world. Areas of oil
palm expansion in Indonesia include Sumatra, Kalimantan, Sulawesi, Papua
and West Java. The expansion was sometimes opening forest areas, but
also included large areas that were conversions from other plantation crops
(Lubis, 2009).
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Fig. 1.1. Ganoderma disease symptoms: (a) Early infection (b) Advanced infection
(c) Fallen palm (d) Ganoderma basidiocarp

1.5 Control of Basal Stem Rot Caused by Ganoderma

Although finding the best solution of BSR disease of oil palm is not easy,
some efforts have been developed and practised to reduce infection of
Ganoderma disease. No single method can claim to give a hundred per-
cent success, and therefore, integrated disease management is recommended.
This comprises chemical, biological and agronomic controls. Breeding efforts
are also ongoing to produce resistant oil palm, but so far have only been par-
tially successful.

(a) Cultural Control
Mounding of soil around infected palms has been utilized as a method

of extending the productive life of infected palms. This stimulates renewed
root development from stem tissue above the infected region and provides
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added stability, which compensates for reduced stem structural integrity due
to decay caused by G. boninense. However, this treatment simply extends
the life of the palm and does nothing to prevent the course of infection or
transmission of the fungus (Tuck and Hashim, 1997) and could actually
increase the inoculum.

a4

-"-
bR

Fig. 1.2. Mounding at the base of a lightly infected Ganoderma palm

At re-planting, shredding the oil palm stems (into slices about 10 ¢cm thick)
significantly reduced Ganoderma infection in the oil palm re-plant (Virdiana,
2012a). This encourages oil palm material to decay more quickly and any
Ganoderma present in the debris becomes vulnerable to antagonism by nat-
ural microbial populations in the soil. Ganoderma is not a good competitor
in soil (Rees, 2006).

A one-year fallow also significantly reduces Ganoderma infection as
it reduces inoculum, again due to microbial antagonism (competition) and
lack of a suitable host. However, a fallow period before re-planting will have
a major impact on Internal Rates of Return (IRRs) and on an oil palm plan-
tation’s cash flow. It is therefore necessary to conduct further work to assess
the optimal and minimal fallow periods to determine the best re-planting
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Fig. 1.3. Shredding oil palm stems (into slices about 10 cm thick)

time. Commercially, a viable cash crop (e.g. banana, maize, legumes) could
be planted as a “break crop” (Virdiana, 2012a). Soils may be sampled for
DNA extraction to monitor the incidence of Ganoderma and other microbes
in the soil, so determining soil health.

(b) Chemical control

Although many fungicides have been shown to be effective in supressing
Ganoderma in laboratory experiments, their effectiveness in the field is
poor (Susanto, 2002; Hushiarian et al., 2013). Rees (2006) stated there is
inconclusive evidence for efficacy in reducing disease incidence or in pro-
longing the productive life of infected trees. However, application of the
systemic fungicide triadimenol was claimed to prolong the life of infected
palms (Ariffin et al., 2000). Consequently, chemical control of BSR has been
limited and more research is required to improve this approach.

(c) Breeding

Breeding programmes for Ganoderma resistance have been set up in
Indonesia and Malaysia. Success would be a major advance in protecting
oil palm from this disease (Susanto, 2002; Breton et al., 2010; Purba e al.,
2012). However, there are few potent sources for disease resistance, and
little is known about the genetics of resistance. Some Indonesian seed pro-
ducers have released Ganoderma, tolerant planting material, but this is a
low level of partial tolerance and IPM (Integrated Pest Management) and
other additional management methods are required.

(d) Biological Control

Trichoderma has been used as a biological control of Ganoderma since at
least the 1920s (Harman, 2006). For oil palm, Trichoderma is multiplied
and produced on a large scale, then used as a soil treatment. The applica-
tion methods such as drenching of the new plant and manual application
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into the planting hole during replanting can be done as a prevention method
for the root disease problem. Screening for the most effective isolates of
Trichoderma may be conducted effectively in the nursery.

Nursery seedling trials (in pots) have shown that the highest Ganoderma
infection (up to 100%) occurred in treatments with no Trichoderma. Infection
was significantly higher when compared to treatments where Trichoderma
was applied on top of rubber wood blocks (Ganoderma inoculum source
in the pot) while the lowest infection was in treatments with T. koningii,
T. harzianum and T, virens (Virdiana et al., 2012b). In addition, Trichoderma
effectiveness has not only been demonstrated in the laboratory and in the
nursery, but also significantly under field conditions. Trichoderma appli-
cation to the soil is now implemented by a growing number of plantation
companies. For example, Priwiratama and Susanto (2014) reported that the
application of T. virens to planting holes is conducted routinely in many oil
palm re-planting schemes.

The general methods involved are illustrated in Figure 1.4 and described
in detail in Chapters 9 and 10.

Fig. 1.4. Trichoderma applications: (a) mixing soil with Trichoderma in the nursery
(b) Manual application in the planting hole

1.6 Trichoderma as a Biological Control Agent
for Ganoderma

Trichoderma isolates used in the biological control of Ganoderma are nor-
mally initially selected from in vitro studies (see Chapter 6), and from nur-
sery testing (see Chapter 7). The ability of Trichoderma isolates to inhibit
Ganoderma infection in oil palm has been observed using a glass chamber.
Trichoderma starts to colonize Ganoderma isolates on rubber wood blocks
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(RWB) 2 weeks after inoculation, resulting in no Ganoderma growth
4 weeks post inoculation with the more aggressive Trichoderma strains.
Seedlings infected by Ganoderma were observed in the control treatment
(no Trichoderma) 3 months post inoculation while those seedlings treated
with Trichoderma showed no signs of Ganoderma infection 24 months post
inoculation (Anjara et al., 2011; Anjara et al., 2013).

Fig. 1.5. (a) the seedling infected by Ganoderma in control treatment 12 weeks
post inoculation; (b) seedling primary root in contact with Ganoderma RWB

(Rubber Wood Block) as source of inoculum; (c) the photograph of Ganoderma
mycelium taken from the root of seedling infected by Ganoderma; (d) seedling
treated with Trichoderma showing no Ganoderma infection 24 weeks post inoculation

Microscopic studies involving T. harzianum showed that hyphae could
penetrate G. boninense mycelia and so form a barrier between both mycelia.
Interaction between T. viride and G. boninense was rather different with
no barrier zone being observed, all T. viride hyphae could penetrate into
G. boninense hyphae (Susanto et al., 2002).

In vitro tests have indicated that some Trichoderma isolates were
such aggressive mycoparasites that they completely colonized G. bonin-
ense mycelium such that the pathogen could not be recovered - indicating
the pathogen had been killed (Sundram, 2013). Trichoderma pre-treated
seedlings (four months) were planted at four corners around Ganoderma
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infected stumps. Seedlings that were pre-treated with two kinds of T. virens
had less disease symptoms compared to untreated positive controls where
no Trichoderma pre-treatment had been conducted (Sundram ez al.,2016).
In Verdant, bait seedlings are used to screen the best isolates in the field.
Three or four bait seedlings are planted around a palm with a Ganoderma
score one (light Ganoderma) palm combined with Trichoderma applica-
tion into the planting hole to assess the best isolates to control Ganoderma
in bait seedlings.
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Abstract

Standard health and safety protocols are an important requirement in
Trichoderma production and nursery screening activities, both in the labora-
tory, nursery and the field. The standards may vary depending on the require-
ments needed. Identification and elimination of hazards and risks in some
activities, followed by developing specific safety procedures, and responding
immediately to workplace accidents, and injuries, are important features
in establishing an effective occupational health and safety programme.
Protocols of health and safety issues relating to Trichoderma production,
nursery screening activities, Trichoderma storage and field activities for oil
palm commodities are explained below.

2.1 Health and Safety in the Laboratory

Producing both Trichoderma and Ganoderma inoculum consist of many
activities and procedures. Those activities consist of isolating and culturing
fungal isolates, preparing the inoculum, propagating the inoculums and
field application. Therefore, good laboratory, nursery and field practices are
recommended. Labour safety has also become the important consideration.

e Clean and wash hands before entering the laboratory. This will give
protection for the worker and samples from outside contamination.

e Laboratory coats and shoes must be worn when entering the laboratory
and removed when leaving the laboratory. This will give protection
for the workers and the samples from outside contamination and also
people outside from laboratory contamination.

e Face masks are required when working with ethanol and contamin-
ated samples. This is good for the operators and for reducing sample
contamination.

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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® Gloves are required when working with hazardous chemicals, hot,
heavy and hard materials.

e Wear appropriate clothing, skin exposure should be minimized. Field
clothing and Wellington boots should be removed before entering the
laboratory.

e Training in inoculating and flaming techniques.

e Training in operating an autoclave, oven sterilizer, and other equipment
used in the lab.

e Be aware of emergency procedures: fire-fighting, emergency exits, emer-
gency phone numbers, and the location of fire extinguishers, emergency
shower, eye-wash and first aid/first aiders.

®  Be aware of hazards relating to chemicals used in the laboratory and their
Material Safety Data Sheet (MSDS information is available on the web),
which provide information on health and safety, first aid, fire, explosion
risks, disposal, how to clean up spillage, handling and storage.

®  Be aware of standard operating procedures (SOPs) that have been devel-
oped for your laboratory, or which should be developed, such as for waste
disposal, e.g. plastic bags.

e Check as soon as possible for any broken laboratory equipment which
may be dangerous for the worker.

2.2 Health and Safety in the Nursery

Activities in the nursery are simpler than in the field. Treatment for the
experiment is also done when the trial is started, therefore daily activities
are only watering and cleaning the area, then the weekly or monthly activity
is recording. However, attention should be paid to the health and safety of
the workers as well as to the environment.

Equipment required in the Trichoderma and Ganoderma seedling screen-
Ing nursery are:

e Sieve used to sift soil

*  Hoe used to hoe the soil to be sifted

e Sharp knife used to open rubber wood block (RWB) and Trichoderma
package

e Wheelbarrow used to transport soil and polybags inside nursery

Safety equipment which needs to be worn in the nursery:

e Rubber boots
*  Gloves for handling sharp or hard materials
e Masks if working with Trichoderma powder or chemicals such as

pesticide
e Raincoat during the rainy season
e Hats
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Training and refresh training are essential for worker safety. Other consid-
erations are:

Chemical use (especially pesticides)

Standard Operating Procedures (SOPs)

Working alone

Emergency procedures, first aid box

Be aware of nuisance insects and other animals (e.g. monkey and snakes)

2.3 Health and Safety in the Field

Field activities are generally done on a large scale. Trialling is usually con-
ducted with at least one block of 10-20 ha areas, and Trichoderma appli-
cation in replanting programmes is normally done for a minimum of one
block of 20 hectares. Attention should be paid to the environment and the
health and safety of the workers.

Equipment required in the Trichoderma and Ganoderma seedling screen-
ing and commercial application during replanting in the field are:

e Spade used to dig the soil
e Sharp knife used to untie the seedlings after planting in the planting hole
e Bucket used to transport biopesticide products (if any)

Safety equipment which needs to be worn in the field:

Rubber boots
Gloves for handling sharp or hard materials
Masks if working with Trichoderma powder or chemicals such as pesticide

Raincoat during the rainy season
Hats

Training and refresher training are essential for worker safety. Other consid-
erations are:

Chemical use (especially pesticides)

Standard Operating Procedures (SOPs)

Working alone

Emergency procedures, first aid box

Be aware of nuisance insects and other animals (e.g. monkey and snakes)

2.4 On the Safety of Trichoderma spp. in Biocontrol Applications

Most filamentous fungi, including Trichoderma spp. are capable of producing
secondary metabolites (Mukherjee et al., 2012). Hence when working with
Trichoderma, general caution and careful consideration of clean work and
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appropriate training is advised. Moreover, strains of the genus Trichoderma
were also found in clinical samples, particularly in immunocompromised
patients (Kredics et al., 2003). Trichoderma spp. have also been mentioned as
emerging and uncommon human pathogens (Walsh ez al., 2004). Although
there are many beneficial properties and application of various Trichoderma
species (Mukherjee et al., 2012; 2013) there are a growing number of dis-
ease incidences caused by various Trichoderma species in human (Hatvani
et al., 2013). Most cases are associated with compromised immune sys-
tems, but other people at risk include dialysis patients, and people with
leukaemia, blood disorders and HIV. The species involved include: T. viride,
T. longibrachiatum, T. citrinoviride, T. koningii, T. pseudokoningii, T. harzianum,
T reesei and T. altoviride. Most belong to the Longibrachiatum section of
the Trichoderma genus. Infections are thought to be primarily air borne and
early symptoms are often respiratory problems. As a human pathogen these
species must be able to grow at 37°C. Treatments usually involve the use of
anti-fungal drugs. Generally, Trichoderma spp. are considered opportunistic
pathogens which usually grow in soil and on decaying plant material. Some
of the species listed above, T. viride, T. koningii and T. harzianum have been
investigated in the control of Ganoderma. T. virens is the subject of this
manual, it does not belong to the Longibrachiatum section and is unable to
grow at 37°C. Note, Trichoderma spp. are ubiquitous in our environment
and many of the species mentioned above can be found in the environment,
from tropical to temperate regions. Additionally, Trichoderma spp. have a
long history of safe use in biocontrol, also in developing countries and for
diverse applications. Therefore, the overall health risk can be considered
acceptable. Nevertheless, it is strongly advised that people working with
Trichoderma do not belong to any risk group and workers should seek im-
mediate medical attention if they become sick or show symptoms related to
Trichoderma infection.
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Culturing Trichoderma 3

Abstract

The first step in propagating Trichoderma in culture (in vitro) is the prepar-
ation of growth media. This chapter explains how to prepare the different
media used in culturing Trichoderma isolates used by Verdant. To propagate
Trichoderma isolates for use in integrated pest management of Ganoderma
diseases of oil palm the usual medium used is Potato Sucrose Agar (PSA),
followed by commercial propagation in a maize medium, and further propa-
gation, in rice husk medium. This is then branded and sold for soil applica-
tion to control Ganoderma in plantations.

3.1 Potato Sucrose Agar (PSA) Medium Preparation

Potato Sucrose agar (PSA) is one of the most commonly used media for the
isolation and cultivation of fungi. The methods provided here for PSA prep-
aration are for one litre of medium (Table 3.1). This may be scaled up or

down depending on capacity and volumes required.

Table 3.1. Materials needed to prepare 1 litre of PSA medium

Materials Quantity

Potato 200 g

Agar-agar powder 15-25 g (according to the brand)
Sucrose 2g

Aquadest (purified water) 1 litre

Ethanol 70% As necessary (used for surface

sterilization)

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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Equipment and tools needed for media preparation

a. Gloves, workers should wear gloves to prevent contamination of their
skin and materials

b. Knife, used to slice potatoes

c. Graduated jug to dissolve sucrose, agar and other components before
making up to 1 litre

d. Analytical balance, used for weighing components of the medium

e. Boiling pan, used to boil the potato extract

f. Stove/Hot plate, used to boil potato pieces and make PSA extract

g. Sieve, used to separate potato pulp from the extract

h. Measuring cylinder (1 litre and 40 ml), used to place ingredients such as
agar-agar powder and sucrose (1 litre) and make up required volume; potato
extract is poured into 40 ml bottles

i. Stirring hot plate, used to stir and boil the PSA extract

j. Clean glass bottles (40 ml), used for culturing

k. Funnel, used to pour PSA extract from measuring glass bottles

1. Flat-sided glass bottles, used to store the PSA extract

m. Stoppers (cotton wool and paper/newspaper), used to close the glass bot-
tles containing PSA extract

n. Thread, or rubber bands, used to tie paper to glass bottles

0. Autoclave, used for media and equipment sterilization

p. Laminar flow cabinet, used for sterile operations, e.g. placement of PSA
slope media

PSA medium is commonly used to propagate or culture Trichoderma. The
growth of the fungus is generally more rapid and denser on PSA than other
media. This is because PSA contains abundant carbohydrates (from potato
and sucrose). In general, Trichoderma is rarely contaminated by other micro-
organisms, therefore PSA requires less antibiotics and this also allows the
fungus to grow rapidly and densely.

Steps in preparing one litre of PSA medium

Step 1

Before starting, all equipment and work places must be checked. Prepare all
materials needed based on requirements. Potatoes should be peeled before
they are weighed.

printed on 2/13/2023 12:36 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



Culturing Trichoderma 27

Fig. 3.1. Potatoes are peeled
before being weighed

Step 2
Cut the potatoes into cubes of about 2-3 cm?®

Fig. 3.2. Peeling and cutting
potatoes

Step 3

To prepare potato extract, boil 200 g cubed potato in 1 litre distilled water
for about 20 minutes (= 5 minutes). The boiled potato pieces are cooled and
sieved before being mixed with the other ingredients.

Fig. 3.3. Boiling potatoes
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Step 4

Other materials (agar powder and sucrose) are mixed in a graduated jug and
aquadest (sterile water) added to dissolve materials. Then add the cooled potato
extract and stir manually. Boil again on a hot plate for 10 minutes (+ 5 minutes).

Fig. 3.4. Agar powder and sucrose are mixed
in a graduated jug before cooled PSA extract is
added and the volume made up to 1 litre

Fig. 3.5. Potato extract is poured through
a sieve and the volume measured in a
graduated jug
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Fig. 3.6. Potato extract is poured into the pan, stirred manually and boiled

Step 5

The medium is then poured into bottles (40 ml per bottle). Glass bottles are
prepared together with their stoppers (consisting of non-absorbent cotton
wool bungs) and paper is used to cover the stopper and tied down with
thread or rubber band.

Fig. 3.7. The medium is poured into clean glass bottles

Step 6
Sterilization of the potato medium is conducted by autoclaving at 0.11 MPa
pressure and at 120°C for 1 hour. Both horizontal and vertical autoclaves
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may be used to sterilize the medium. Since the autoclave uses high pres-
sure and high temperature, operating instructions for operating specific
autoclaves must be strictly adhered to and training should be given to the
workers for the specific models used.

Fig. 3.8. Placement of bottles
(containing PSA media and
sealed with cotton wool bungs
and newspaper) inside an
autoclave

Step 7

Clean all work surfaces of laminar cabinet with a disinfectant solution before
PSA media bottles are placed inside. The PSA media are then sloped by placing
the media bottles inside the laminar air flow cabinet at an angle of 30 degrees,
where they are cooled and allowed to set, to be used the next day.

Fig. 3.9. Placement (at angle of
30 degrees) of bottles containing
PSA media in laminar air flow
cabinet

3.2 Maize Medium Preparation

Maize (also called corn) is a good medium to grow Trichoderma because
it contains carbohydrates to support fungal growth. The advantages of
maize over rice husk (see Section 3.3) is it has a larger surface area which
allows the fungus to grow and produce more spores. The medium is made
up simply of sterilized maize.
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Equipment and tools needed for media preparation

a. Plastic basket, used to wash milled maize

b. Balance to weigh out 500 g of milled maize

c. Autoclavable plastic bags, used for packaging the maize

d. Non-absorbent cotton wool and paper/newspaper, used to make stoppers
e. PVC pipe with diameter % inch, used inside plastic bags with milled
maize to make bag closure easy

f. Yarn, used to bind the PVC pipe in the plastic bag

g. Rubber bands, used to tie up the paper to close the stopper

h. Autoclave, used to sterilize the milled maize in the plastic bags

i. Plastic basket, used to place the milled maize after sterilization

Steps in making maize media

Step 1

Wash milled maize 3 to 4 times with water until the water runs clear. Then
place about 500 g of the milled maize into an autoclavable plastic bag. The
plastic bag is prepared together with its stopper (consisting of non-absorbent
cotton wool and paper/newspaper). Place the PVC pipe (with a diameter
3% inch) in the mouth of the plastic bag and bind it by using yarn, then close
it with a stopper.

Fig. 3.10. Milled maize packaged
in autoclavable plastic bags

Step 2
Sterilize the maize medium using an autoclave at (120-121°C) for 1 hour.
Both horizontal and vertical autoclaves may be used.
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Fig. 3.11. Milled maize
medium sterilization by using
vertical autoclave

Step 3
After sterilization, take the maize media bags from the autoclave and place
them into a plastic basket and allow to cool.

Fig. 3.12. Sterilized maize in
cooling basket
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Step 4
Fungal inoculation is normally done the next day. Details of the inoculation
are given in Chapter 4.2. Trichoderma multiplication on maize medium.

Fig. 3.13. Fungal inoculation on maize media

3.3 Rice Husk Medium Preparation

Rice husk medium is used for field application of Trichoderma. Trichoderma
is propagated on maize corn media and then this is used to inoculate rice husk
medium. Rice husk medium is suitable to grow Trichoderma because it con-
tains carbohydrates suitable for the fungus to grow. Therefore, Trichoderma
grows quickly on rice husk medium. Also, Trichoderma survives for a relatively
long time (up to 8 months) on rice husk medium. For large scale production,
rice husk medium can be sterilized using sun drying or a large, modified oven.

Equipment and tools required

a. Permanent area (6 m x 6 m is normally used for 14 tons), cement floor or
tarpaulins, used to dry the rice husk using sun drying

b. Shovel, to turn rice husk manually

c. Mask and rubber gloves are used by workers

d. Gunny bags are used to store the rice husk before and after sun drying

Steps in making culture medium

Step 1
Prepare a large (6 m x 6 m) permanent area to be used to dry the rice husk
under the sun.
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Fig. 3.14. Permanent area for rice husk sun drying

Step 2
Place the husk on the cement floor or tarpaulins (when grassed area is used)
to dry.

Fig. 3.15. Rice husk placement in sun drying area
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Step 3
The rice husk is manually turned every hour using a shovel to speed up drying.

Step 4
On a fairly sunny day (in tropical regions), 7 hours of sun drying is usually
optimal, typical hours are from 7 a.m. to 2 p.m.

To dry about 400 kg per day, two labourers are required. Face masks
and rubber gloves should be used by the labourers.

The drying also serves to partially sterilize the rice husk, which is suffi-
cient for small scale production.

Step 5
After the rice husk is dry, it is packed into gunny bags.

Fig. 3.16. Packing of rice husk to gunny bag
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Trichoderma Multiplication

Abstract

The mass production of Trichoderma is described. The fungus is propa-
gated on potato sucrose agar and maize media. This chapter explains how
to propagate Trichoderma on these media.

4.1 Trichoderma Multiplication on PSA

PSA is the preferred media for mass production of Trichoderma cultures.
Trichoderma grows fast on this media and produces more biomass per time
than other media e.g. TSM (Trichoderma selective media). In addition, the
cost for large scale production is relatively less than other media.

Equipment and tools needed for Trichoderma multiplication

a. Glass bottles or Petri dishes, used to culture pure Trichoderma isolates
b. Innoculation loop, used to transfer pure culture pieces (full of spore in the
loop) of Trichoderma spore to PSA medium

c. A spirit lamp or an electric hot glass bead sterilizer, used to sterilize trans-
fer tools

d. 70% ethanol, used for surface disinfection of working areas and tools

e. Stoppers (cotton wool bungs or gauze and newspaper), used to close the
glass bottle

f. Thread or rubber bands, used to tie paper over bungs

g. Tape, used to seal culture containers

h. Cell tape or parafilm, used to seal Petri dishes

i. Laminar air flow cabinet used to maintain sterile conditions for operations
j. Marker pen, used for labelling

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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Steps in Trichoderma multiplication on PSA

Step 1

Prepare the PSA medium in glass bottles or Petri dishes and inoculate with a
pure Trichoderma isolate. Bottles are normally recommended because they
provide a larger surface area for the fungus to grow. Before starting to culture
the selected isolate, all the surfaces of the equipment and tools must be
cleaned with a disinfectant solution or 70% ethanol. Transfer needles should
be flame sterilized using a Bunsen burner, spirit lamp or an electric hot glass
bead sterilizer. Inoculation is performed inside a laminar flow cabinet.

Fig. 4.1. Equipment used for
Trichoderma multiplication:
from left to right: Trichoderma
pure isolate, PSA medium in
glass bottle, spirit lamp, transfer
needle, 70% ethanol

Step 2

Remove a portion of the Trichoderma culture that is to be reproduced from
the mature culture in a glass bottle, using an inoculating loop. and inoculate
onto the fresh PSA medium.

1.

Fig. 4.2. Transfer of Trichoderma
multiplication from pure isolate
to PSA medium

Step 3

Close the glass bottle using a stopper (consisting of non-absorbent cotton
bung or absorbent gauze and paper/newspaper) and strengthen the Petri
dish by sealing with tape or Parafilm.
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Fig. 4.3. Trichoderma on PSA
medium in glass bottle

Step 4

Label: write the name of the isolate and sub-culturing date on the culture
vessel. The medium can be stored at 25-30°C. Wait for 7-10 days until
mycelium covers the surface, it is then ready to be used to inoculate maize
medium in bags.

Fig. 4.4. Incubation of
Trichoderma in PSA medium

4.2 Trichoderma Multiplication on Maize Medium

One day after the sterilization process, maize medium can be used to propa-
gate Trichoderma isolate from sloped culture bottles.

Materials, equipment and tools

1. Sporulating Trichoderma culture from PSA in glass bottles

2. Spatula spoon, used to transfer Trichoderma from glass bottles to maize
medium

3. 70% ethanol or other disinfectant, to sterilize work surfaces and tools
4. A spirit lamp or hot glass beads, to sterilize tools

5. Laminar air flow cabinet is for all sterile work
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6. Autoclavable plastic bags, used to package the maize medium
7. Stoppers (cotton wool and newspaper), used to seal the glass media bottles
8. Marker pen, used for labelling

Steps in Trichoderma multiplication on maize medium

Step 1

Prepare equipment and tools. Before starting to culture the isolate, all the
work surfaces, equipment and tools must be cleaned with a disinfectant
solution or 70% ethanol. The spatula spoon is flame sterilized using a spirit
lamp or hot glass beads. Inoculation is done inside the laminar flow cabinet.

Step 2

Cut the pure isolate in bottled media into small pieces (5x5 mm) by using a
spatula spoon, take some slices of the isolate, and place onto the maize me-
dium. One bottle of the Trichoderma isolate can be used for three packs of
maize medium. The isolate should be placed evenly over the maize medium
to promote faster Trichoderma growth.

Fig. 4.5. Process of Trichoderma multiplication from pure isolate to corn

Step 3
Close and strengthen the plastic bag containing media using a stopper (con-
sisting of absorbent cotton wool and paper/newspaper).

Fig. 4.6. Preparation of media
bags
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Step 4

Label: write the name of the isolate and sub-culturing date. The medium
can be stored at 25-30°C. Wait for 17 to 20 days until mycelium covers the
surface and is ready to be used.

Fig. 4.7. Incubation of the labelled cultures
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Ganoderma Pathogenicity Testing

Abstract

Trichoderma isolates may be screened for their effectiveness in antagonizing
Ganoderma in both nursery and field tests. For this, Ganoderma as a
source of disease (inoculum) is required. A recommended first step is to
collect Ganoderma basidiocarps from Ganoderma infected palms and to
then culture these on an appropriate medium. After that, the cultures can be
maintained and used as a source of inoculum for nursery seedling screen-
ing using Ganoderma inoculated rubber wood blocks (RWBs) as a disease
source. This chapter describes how to collect and culture Ganoderma, and
how to produce Ganoderma infected rubber wood blocks to be used as an
infection source in nursery screening.

5.1 Collection of Ganoderma Basidiocarps

Basidiocarps may be isolated from any part of a Ganoderma diseased oil
palm in the field. Most Ganoderma infected palms have basidiocarps on the
stem, which are easy to collect using a knife. However, for Upper Stem Rot
(USR) basidiocarps are positioned higher and a chainsaw may be required
to fell the upper parts of the palm to collect the basidiocarps. The use of
young, actively growing basidiocarps is preferred as they have more actively
growing mycelium than older ones. Also, the old basidiocarps have very thin
mycelia which are difficult to isolate. The difference between young and old
basidiocarps can be seen by their colour, old basidiocarps are usually darker
in colour than the young ones (Fig. 5.1). Moreover, the upper surface of old
basidiocarps is harder and more difficult to work with.

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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(@) (b)

Fig. 5.1. a) Young, actively growing basidiocarp and b) old basidiocarp

Table 5.1. Equipment and tools needed
for basidiocarp collection

Materials

Paper bag for samples
Ganoderma basidiocarp
Gloves

Marker

Knife

Chainsaw

Steps in basidiocarp collection

Step 1

Before starting, the preparation of all equipment and work places must be
checked for operational use. Select a Ganoderma diseased palm to be sam-
pled. Prepare all equipment needed based on requirements (Table 5.1), then
go to the field, and make sure it’s appropriate.
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Fig. 5.2. Example of a Ganoderma
diseased palm

Step 2

Ganoderma basidiocarps are harvested from infected palms (BSR or USR
palms). BSR basidiocarps are located on the palm trunk base and can be
harvested using a knife. Basidiocarps of USR are located in the middle or
top of the palm and harvested using a chain saw to fell the palm and then
basidiocarps can be removed using a knife. The chain saw should only be
used by a trained worker with appropriate safety precautions taken (see
Chapter 2).

Fig. 5.3. Young, actively growing
Ganoderma basidiocarps on a
diseased palm
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Step 4
Place the detached basidiocarp sample inside the paper bag, one sample per bag.

Step 5
Take notes: record date, estate name, field/block number, row and palm
number, disease (Ganoderma) score of the sampled palm, collector’s name.

Fig. 5.4. A collection bag for
basidiocarp sample

Samples taken from the field are usually cultured to the medium directly in
the same day. However, if the sample is too much, then the rest of the sample
with the collection bag is kept in the refrigerator. The basidiocarp is usually
kept for up to four days.

5.2 Ganoderma Culture Preparation

Ganoderma cultures may be obtained from the basidiocarps (a basidiocarp
is the fruiting body of basidiomycete fungi) taken from infected palm tis-
sues (trunk or roots) or from basidiospores of Ganoderma collected from
infected palms in the field. However, the isolation method using basidio-
carps is much easier as collecting spores is difficult. Therefore, it is the only
method that will be explained in this chapter. An aseptic laboratory environ-
ment is needed for successful isolation and culture of Ganoderma.

Water Agar (WA) or Ganoderma Selective Medium (GSM) may be used
as the first culture medium, later modified Potato Sucrose Agar (PSA), plus
antibiotics, is used for rapid multiplication of Ganoderma cultures. The
selection of samples especially from the basidiocarp can affect the success
of Ganoderma isolation so, a vigorous, actively growing basidiocarp is op-
timal as the initial sample.
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Table 5.2. Materials needed for media preparation (PSA plus antibiotics)

Materials Quantity (g/ml)
Potato 200 g
Ganoderma basidiocarp

Agar-agar bars 14¢g

Sucrose 2g
Chloramphenicol 0.1g
Streptomicyn 03g
Aquadest 1 litre

Ethanol 70% As necessary

Table 5.3. Check list of equipment and tools needed for media
preparation (PSA with antibiotics)

Equipment and tools PSA plus antibiotics

Autoclave N
Analytical balance
Measuring glass
Erlenmeyer flask 2 L
Boiling pan

Sieve

Stirring hot plate
Stove/hot plate
Aluminium foil

A spirit lamp
Laminar flow cabinet
Glass Petri dish

P A S S N Y S N =

Steps in preparing one litre of PSA plus antibiotics medium

Step 1

Before starting the preparation, all equipment and work places must be
checked for operational use. Prepare all materials needed based on require-
ments. Potatoes should be peeled before being weighed.

Step 2

To prepare potato extract, boil 200 g sliced potato in 1 litre distilled water
for about 20 minutes (= 5 minutes). The boiled potato pieces are cooled for
about 10 minutes and sieved before being mixed with the other ingredients

(Table 5.2).
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Step 3

Other materials (agar powder, sucrose, streptomycin sulphate, and chlor-
amphenicol) are first mixed in an Erlenmeyer flask, the potato extract is
poured into the Erlenmeyer flask (which is covered with aluminium foil),
then stirred using a stirring hot plate (Table 5.3) for about 10 minutes.

Fig. 5.5. Mixed potato extract
and other materials in an
Erlenmeyer flask

Step 4

Sterilization of the medium is conducted by autoclaving at 0.11 MPa pres-
sure (120-121°C) for 1 hour. Vertical autoclaves can be used to sterilize the
medium. Since autoclaves use high pressure and high temperatures, work in-
structions for operating autoclaves must be strictly adhered to and training
must be given to the workers prior to any use. Note: different autoclaves
require different procedures.

Step 5
After sterilization, cool the medium on a stirrer hot plate for one and a half
hours before it is poured into Petri dishes.

Step 6

Clean all work surfaces of the laminar flow cabinet with a disinfectant solu-
tion before the PSA is placed inside. Pour the PSA plus antibiotics into Petri
dishes (at a temperature of about 35°C) inside a laminar air flow cabinet.
The poured plates are then allowed to cool and stored in the laminar air
flow to be used next day.
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Fig. 5.6. Pouring PSA plus
antibiotics medium into Petri
dishes inside a laminar air flow
cabinet

Next day: pieces of the sampled basidiocarps can be plated onto the PSA
plus antibiotic medium. The materials for producing cultures from the
basidiocarps are given below:

Table 5.4. Materials needed for initiation of Ganoderma cultures
(from basidiocarp samples) onto PSA medium plus antibiotics.

Materials Quantity
Ganoderma basidiocarp As necessary
PSA with antibiotics As necessary
Knife 1 pc

Ethanol 70% As necessary
Cutting board 1 pc

Glass beaker 2 pcs

A spirit lamp 1 pcs

Cell tape or Parafilm As necessary
Forceps 1 pc
Inoculation blade 1 pc
Laminar flow cabinet 1 unit
Sterile Petri dishes As necessary
Marker pen 1 unit

Steps in Ganoderma culture from basidiocarp to PSA medium

Step 1

In the laboratory, samples taken from the basidiocarps collected in the field
are cut into small pieces (1 cm x 1 cm x 1 cm). The basidiocarp should be cut
transversely and samples of the tissue removed from inside the soft fleshy
part of the structure (Fig. 5.7). The pieces of tissue are surface sterilized by
washing the flesh pieces with water and then soaking in 70% ethanol for
approximately 15-20 seconds.
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Fig. 5.7. Ganoderma basidiocarp

Spore forming consists of flesh and spore forming
layer layer
Step 2

These larger pieces are then cut again into smaller pieces (5x5x5 mm), and
each piece placed onto solid PSA plus antibiotics (4-5 pieces per plate). The
work is done inside a laminar air flow cabinet.

Fig. 5.8. Small pieces of basidiocarp on PSA plus antibiotics medium

Step 3
Use cell tape or Parafilm to seal the edge of the Petri dish to avoid contamination.

Step 4
Label: write the isolate’s name, isolation date, sample code and medium’s
name on the surface of the plate.

Step 5

Observe samples daily until mycelium is seen growing around the plated
samples. The length of time to see mycelial growth is variable and depends on
the sample. Samples from older basidiocarps will take longer to produce myce-
lium than the younger ones. Normally, this process takes 2—4 weeks from the
initial culture of young, actively growing basidiocarp samples. Using a sterile
blade, take a piece of the culture from the edge of the culture. Select the
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most actively growing areas of mycelial growth and that which is furthest
away from the original sample as this will lessen chances of contamination.
Place the inoculum onto fresh PSA plus antibiotic medium. This process can
be repeated until cultures are obtained that are free from contamination.
All the fungi are incubated under room temperature (27-30°C) in the dark.
For long-term storage or conservation, pieces of culture (solid medium con-
taining mycelium) are placed in a flask with sterile pure water and stored in
an incubator at 20°C. Cultures may be kept for more than one year.

5.3 Ganoderma Multiplication in Culture

The use of PSA plus antibiotics is preferred to propagate Ganoderma iso-
lates, because the fungus produces more biomass on this medium and the
antibiotics reduce bacterial contamination.

Table 5.5. Materials, equipment and tools needed for
Ganoderma propagation in culture

Materials Equipment and Tools
Ganoderma pure culture A methylated spirit lamp
PSA media Cell tape or Parafilm

Inoculation blade
Laminar flow cabinet
Marker pen

Sterile Petri dishes

Steps in multiplying Ganoderma in culture

Step 1

Prepare both the PSA plus antibiotic medium and obtain pure Ganoderma
isolate (see Table 5.5 above). Before proceeding, all the surfaces of the equip-
ment and tools must be cleaned with a disinfectant solution or 70% ethanol.
The inoculation blade is flame-sterilized using a spirit lamp.

Step 2
Cut the pure culture into small pieces (5x5 mm), take one slice of each culture,
and place (mycelium facing down) onto fresh PSA medium.

Step 3
Close and seal the Petri dish with tape or Parafilm.
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Step 4
Label: write the name of the isolate, sub-culturing date and name of the
medium on the surface of the Petri dishes. The medium can be stored at
27-30°C in the dark.

Wait for 2 weeks to 1 month until the mycelia cover the surface of the
plate and it is ready to be used.

5.4 Preparation of Rubber Wood Blocks

Rubber wood blocks (RWBs) are used as a Ganoderma source for seedling
screening (Rahmaningsih et al., 2018, this series). The use of RWBs has been
observed to be the most effective substrate for Ganoderma: studies com-
paring RWBs with other substrates such as liquid medium, sawdust-based
and oil palm wood blocks, showed RWBs to be the most effective (Breton
et al., 2006). Moreover, the availability of rubber wood is consistent since
there are often many rubber plantations in areas where oil palm is grown.
The unproductive rubber wood from the field is usually sent to small local
saw mills to produce wood blocks. The size of the RWB can vary, here we
use 6x6x6 cm and 6x6x3 cm blocks. However, there is a problem with RWB
waste after use. Since zero burning systems are applied in all oil palm plant-
ations, other methods of destroying the Ganoderma inoculum waste should
be considered e.g. incineration.

Potato agar (PA) medium is used as a starter for Ganoderma to grow
prior to growth on the RWBs for inoculation. This medium is applied to
the RWBs. This agar medium differs from PSA plus antibiotics as it does
not contain antibiotics (pure cultures are being used and RWBs are less
likely to become contaminated) and PA is cheaper for mass multiplication
of Ganoderma. The materials and equipment used to make PA are noted
below.

Table 5.6. Materials, equipment and tools needed for PA preparation

Materials (for one litre of PA media) Equipment and Tools
Agar-agar powder 15 g Analytical balance
Sucrose 2 g Autoclave 75X/big pan (size 48 cm x 39 cm)
Ethanol 70% as necessary Boiling pan
Distilled water 1.5 L Knife
Potatoes 200 g Measuring glass cylinder
Sieve
Stove
Pail

Stirrer hot Plate

Note: PA medium is made a day after RWB preparation. PA is the same as PSA but without
antibiotics.
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Steps in the preparation of rubber wood blocks

Step 1

Prepare all materials needed based on requirements. Potatoes should be peeled
before being weighed. Cut the potatoes into small pieces (1 cm?) and boil them
for 20 minutes (= 5 minutes). Time is counted when the water begins to boil.

Step 2
Sieve the potato extract and measure the extract amount based on the require-
ments. Boil the extract again with agar-agar powder and sugar.

Step 3
The medium should be poured directly onto the RWBs whilst hot (+75°C).

Table 5.7. Materials, equipment and tools needed for the preparation of RWBs

Materials Equipment and Tools

PA medium (50 cc for each bag of RWBs) Aluminium foil/newspaper

RWB size 6x6x6 cm or 6x6x3 cm Autoclave
Boiling pan (size 48 cm x 39 cm)
Marker pen

Measuring glass cylinder

Polypropylene plastic bag

PVC pipe 12 inch

Stopper from hydrophilic cotton
and gauze

Stove

Wool thread

Step 4
Prepare RWBs based on the requirements needed. Soak rubber wood in water
inside a large (25 litre) pail (70 cm diameter) overnight to maximize imbibition.

Fig. 5.9. Rubber wood soaked
in water inside a big pail
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Step 5
Boil the RWBs for 5-7 hours. Time is counted when the water begins to boil.
Top up water to ensure the RWBs are covered by boiling water.

Fig. 5.10. Rubber wood blocks
being boiled

Step 6
Next working day: pack the RWBs in plastic bags (two RWBs per polybag).

Step 7
Put the mouth of the plastic bag into the PVC pipe and bind it with thread.
Each bag is filled with 2 RWBs.

- Fig. 5.11. Rubber wood blocks
- placed in plastic bag

Step 8
Fill each bag with 50 ml (2 ml) of PA medium (Step 3). Measure the medium
with a plastic cylinder.

Step 9
Plug the mouth of the plastic bag with a stopper and then cover it with alu-
minium foil or newspaper.
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Fig. 5.12. Rubber wood and PA medium placed in plastic bag and closed with
stopper

Step 10

Sterilize the RWBs (plus PA) by autoclaving at 0.11 MPa pressure (120-121°C)
for one hour. Manual boiling is an alternative to autoclaving: manual boiler
(big pan, volume 200 litre) can be used with 5 hours of boiling.

Fig. 5.13. Sterilize RWBs and PA medium using an autoclave

Step 11
After the sterilization (boiling) process, allow the RWBs to cool to 27°C.

Step 12
Leave the RWBs for one night and inoculate them the next day.

5.5 Inoculation of Rubber Wood Blocks

Ganoderma inoculation of RWBs can be done one day after RWB steril-
ization. This process is similar to other culture preparations. The only dif-
ference is the medium used. Culture preparation uses PSA plus antibiotics
as the medium for Ganoderma to grow while this process uses RWBs as a
substrate and PA medium as a starter. Once the Ganoderma isolates have
grown well on the RWB media, the pathogenicity of the isolates can be
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tested on seedlings in the nursery (Rahmaningsih ef al., 2018, this series).
The most aggressive isolates may be genotyped by DNA markers and used
as a standard source inoculum in the nursery. This can allow comparisons
between trials. For example, an investigation by Rakib et al. (2015) found
that an isolate of G. zonatum of USR was the most aggressive followed by
the isolates from G. zonatum and G. boninense of BSR.

Table 5.8. Materials, equipment and tools needed for inoculation of RWBs

Materials Equipment and Tools
Ethanol 70% A spirit lamp
Ganoderma pure culture Inoculation tool
Sterilized RWBs Laminar flow cabinet
Rubber band
Tissue

Steps in the inoculation of rubber wood blocks

Step 1

Rubber wood block inoculation is normally conducted one day after
RWB preparation. The Ganoderma pure culture should be ready for use
(Section 5.3).

Step 2

Before starting to inoculate the RWBs, all surfaces of relevant equipment
and tools must be cleaned with a disinfectant solution or 70% ethanol. Keep
the blade of the inoculation tool sterile, flame it with a spirit lamp.

Step 3

Cut the pure isolate into small pieces (5x5 mm) see Fig 5.14. Open stopper by re-
moving the aluminium foil/ newspaper that covers the pipe, spray the aluminium
foil/newspaper and stopper with 70% ethanol before opening the stopper.

Fig. 5.14. Pieces of Ganoderma
pure isolates
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Step 4

Take 6-8 slices of pure isolate, or for faster results use 1 Petri plate culture
of Ganoderma pure isolates for 4 bags, place into a plastic bag with a RWB
and spread the isolate pieces over all surfaces of the RWB.

Fig. 5.15. Isolation of Ganoderma
. toRWBs

Step 5
Plug the bags with a stopper.

Step 6
Spray the stopper using 70% ethanol, wrap the bags with aluminium foil
and close securely using a rubber band.

Step 7
The RWBs are ready to be incubated and stored in a culture room at 27-30°C
in the dark for 12-16 weeks to obtain optimum growth of mycelia.

Step 8
Labelling: write the trial name, isolate name (Ganoderma source), and inocu-
lation date on the plastic bag.

5.6 Incubation of Rubber Wood Blocks with Ganoderma

Incubation of rubber wood blocks (RWBs) is conducted directly after inocu-
lation. RWBs need to be incubated for 12-16 weeks to build up sufficient
inoculum in 6x6x6 cm or 6x6x3 cm RWBs. The time needs to be determined
for other RWB sizes. The incubation room should be kept dark except when
working in the room. It is recommended that the incubation room is set up
with incubation racks able to incubate more RWBs. Iron racks with acrylic
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glass shelves are recommended as iron racks are strong and durable and
acrylic glass is light and has a clear easy to clean surface, so that it may be
cleaned and checked easily.

Table 5.9. Materials, equipment and tools needed for
incubation of RWBs

Materials Equipment and Tools
Ethanol 70% Pen
Inoculated RWBs Trolley

Steps in the incubation of rubber wood blocks

Step 1
All surfaces of the incubation rack must be cleaned with a disinfectant solution

or 70% ethanol.

Fig. 5.16. Ganoderma inoculum
on rubber wood blocks

Step 2

Place the inoculated RWBs onto a trolley and transfer them to a dark culture
room/incubation room at ambient temperature (27-30°C), with air circulation
(e.g. ceiling fans).

Step 3

Label: screening trial name, size of RWB, RWB inoculation date, isolate
name, and field inoculation date on the rack. Wait for 12-16 weeks (with
periodic observations to check what is happening) for the RWBs to be ready
for seedling screening (Fig. 5.17).
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Fig. 5.17. Ganoderma inoculum on rubber wood blocks

Table 5.10. Media and cultures used for routine screening

Materials Quantity

Rubber wood blocks 3,200 blocks (3,000 + 5% contingency for
replacing dead/missing seedlings)

Potato agar (50 cc PA per RWBs bag) 80 L

Pure Ganoderma isolates 400 Petri dishes

5.7 Pathogenicity Screening of Ganoderma Isolates

In order to obtain the best (most aggressive) Ganoderma isolates which
can then be used in the screening of oil palm germplasm, it is recom-
mended to screen a range of Ganoderma isolates from various sources.
Ganoderma may be isolated from different palms and different locations.
Ganoderma isolates on RWBs are screened for aggressiveness in seedling tests;
this requires a massive amount of Ganoderma inoculum. A Ganoderma iso-
late growing on one RWB is used for one seedling.

The success of nursery screening relies on a set of parameters, one of
them is the effectiveness of the inoculum source. Various parameters such as
the selection of isolates, material for the substrate, the volume of substrate
and the length of incubation time for the fungal isolates being tested, etc.
need to be standardized in order to provide robust and reproducible results.
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Currently, the use of rubber wood blocks as a substrate for Ganoderma is the
most effective method of exposing and infecting seedlings with Ganoderma.
Detailed methods on how to artificially inoculate oil palm seedlings in
the nursery with Ganoderma are given in Rahmaningsih et al., 2018 (this
series); these methods are similar to those of Trichoderma screening given
in Chapter 7.
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In vitro Trichoderma Antagonism
Screening

Abstract

A protocol is described of how to carry out an in vitro test to assess Trichoderma
antagonism against Ganoderma. This is known as a Dual Culture Test. Dual
culture is a simple method which, as implied, involves growing Trichoderma
along side Ganoderma in a culture plate. The medium used to grow both the
Trichoderma and Ganoderma is PSA medium (plus antibiotics). This chapter
explains the method of how to set up the dual plate test and how to assess
Trichoderma isolate effectiveness in antagonizing/killing Ganoderma.

6.1 Dual Culture Testing

A dual plate test is done by placing a mycelial plug of G. boninense against the
test isolates (Trichoderma) in one culture plate. The antagonistic potential of
Trichoderma isolates is assessed every day to check the growth of both patho-
genic and antagonist fungus, this is done basically by measuring the growth,
retardation of growth and death of Ganoderma. The method is given below.

Steps in dual culture testing

Step 1
Prepare the PSA plus antibiotics medium (see Section 5.2.1).

Step 2

Grow both Ganoderma and Trichoderma in PSA medium (plus antibiotics)
in Petri dishes. Petri dish cultures are recommended because they have a
large surface area and it is easy for mycelia to be removed by taking out a
plug using a cork-borer.

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
and Julie Flood 2019. Trichoderma: Ganoderma Disease Control in Oil Palm 65
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Step 3

Remove mycelial of the Ganoderma culture using a cork-borer (0.5 cm),
transfer the plug aseptically onto a fresh PSA medium in a Petri dish (9 cm
diameter). Then repeat with a Trichoderma plug. The plugs should be posi-
tioned 3 cm apart as shown in Figure 6.1 and incubated at room temperature
(28 +2°C) with alternate light and dark condition for 8 days (Fig. 6.1).

Fig. 6.1. Dual plate test of
Ganoderma and Trichoderma
isolates

Step 4

The radial fungal growth of both fungi are measured every day. The radius
of the pathogenic (Ganoderma) colony and its retreat from the antagonist
(Trichoderma) colony are measured (R1).

Fig. 6.2. Growth measure of
Ganoderma mycelia

Step 6

The results are transformed into percentage inhibition of radial growth
(PIRG) in relation to radial growth of the pathogen in the plate (R1), using
the following formula developed by Skidmore and Dickinson (1976), where

R1-R2
—X

PIRG = 100
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Fig. 6.3. Trichoderma inhibiting
growth of Ganoderma mycelia
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Trichoderma Nursery Screening
for Ganoderma Control

Abstract

Nursery screening of seedlings is currently the fastest and easiest method to
screen the realistic biopesticide effectiveness. The nursery screening process
takes about 6 months to 1 year. Certain critical parameters are required
for efficient nursery screening, including: shading, Ganoderma rubber wood
block quality, inoculation stage, the inoculation process and environment
conditions. As with laboratory procedures, each parameter in the nursery
should be standardized as much as possible as this minimizes the variation
between and within trials. Step by step methods in the various stages of nur-
sery screening are described: experimental design, nursery preparation, selec-
tion of Ganoderma inoculated rubber wood blocks (RWBs), preparation of
Trichoderma and seed/seedling inoculation.

7.1 Nursery Preparation

The nursery may be a temporary or permanent structure, typically supported
by iron or bamboo poles. This structure supports shading, which is the
most important parameter for Ganoderma screening of oil palm seedlings.
Experiments demonstrated that 90% shade gives the highest infection to the
inoculated oil palm seedlings as Ganoderma grows rapidly under dark con-
ditions (Rahmaningsih et al., 2018). Ambient temperatures can also affect
the success of seedling inoculation. Although Ganoderma development
is dependent on soil temperature, ambient air temperature in the nursery
also has a significant impact on the temperature inside the polybag in which
the seedling is grown. The maximum recommended temperature inside the
shade nursery is 30°C.

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
and Julie Flood 2019. Trichoderma: Ganoderma Disease Control in Oil Palm 69

printed on 2/13/2023 12:36 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCOhost -

70 Chapter 7

Fig. 7.1. Ganoderma seedling screening nursery with shading: left inside view,
right outside view

Table 7.1. Materials, equipment and tools needed for nursery
preparation

Materials Equipment and Tools
Sieved soil (top soil) Nursery construction with net shading
Water for watering Paint

Polybags size 20 x 30 x 0.1 cm

Soil sieve

Steps in preparing the nursery

Step 1

Before starting a screening trial, preparation of trial design with respect to
purpose and statistical rigour is required. This is normally a replicated ran-
domized block design. Treatments include Ganoderma (inoculated RWBs)
and Trichoderma (inoculated medium) while controls have no Trichoderma,
but with planted germinated seeds and Ganoderma infected RWBs. It is
preferable to use seeds and seedlings from a single progeny (or similar pro-
geny, or better, a randomized representative sample of progenies — such as
commercial seedlings) to standardize host genetic variation for Ganoderma
susceptibility.

An example layout is given below. This is an example of a trial consisting
of five treatments: A, B, C, D and E (four of Trichoderma isolates and one
control) with three replicates. One treatment can consist of 16, 20, 30 and
more seedlings.

printed on 2/13/2023 12:36 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use



EBSCOhost -

Trichoderma Nursery Screening for Ganoderma Control 71

Treatment Plot

B E C A D Replicate 1
E B A D C Replicate 2
B D E C A Replicate 3

Fig. 7.2. An example of trial layout.

Step 2

About two weeks before seed/seedling planting, polybags need to be partially
filled with soil. Fresh top soil from a non-Ganoderma area should be used.
Soil should be sieved to remove root and other debris. Soil is placed into the
polybags to a depth of about 10 cm. There should be an empty volume above
the soil to place the rubber wood block (RWB) inoculated with Ganoderma
and the soil (top 14 cm of the polybag, see Fig. 7.3).

14 cm

Fig. 7.3. Preparation of polybags, initial (partial)
soil fill

Step 3
The prepared polybags are then arranged in plots according to the random-
ization of the experimental design.

Step 4
Label the polybags with the treatment and number of polybags based on
trial map. Place labels on polybags to identify replicate and plot (Fig. 7.4).
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Fig. 7.4. Labelled polybag with treatment and plot number

7.2 Selection of Inoculated Rubber Wood Blocks

Rubber wood blocks (RWBs) are usually incubated in the dark room
(Chapter 3, see also Rahmaningsih et al., 2018). The selection/rejection of
inoculated RWBs is done weekly, rejection is based on the existence of con-
taminants (bacteria and other fungi) and limited growth of Ganoderma on
the RWBs. Inoculated RWBs with heavy or light contamination should also
be rejected. In addition, RWBs with less than 90% Ganoderma mycelia
covered are rejected (Fig. 7.5). Training should be given to the workers in
selecting RWBs for seedling screening.

Fig. 7.5. Variation in Ganoderma coverage on RWBs from right to left high
coverage (100%); medium coverage (50%) and poor coverage (<10%)
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Table 7.2. Materials, equipment and tools needed in selecting inoculated RWBs

Materials Equipment and Tools

Inoculated RWBs Torch for inspection in the dark
Plastic bag to keep the contaminated
or un-growth isolate

Steps in selecting inoculated RWBs

Step 1

Two weeks after inoculating RWBs with Ganoderma, inspection can begin
to check the growth of the isolates and the presence of other fungal or bac-
terial contamination. These checks should be done weekly.

Step 2

The inoculum source RWBs inoculated with Ganoderma should be selected
one week before the test germinated seeds/seedlings are planted. The selected
RWBs should have over 90% mycelial growth.

Step 3

Before inoculated RWBs are placed into polybags, the RWBs should be
rechecked for contamination by bacteria or other fungi. Only RWBs with
>90% mycelia growth is used.

Fig. 7.6. Selected RWBs with
>90% Ganoderma coverage and
no contamination
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7.3 Preparation of Trichoderma lIsolates

Stocks of Trichoderma isolates (see Chapters 3 and 4) to be used for
testing should be weighed according to the treatment dosage. The dosage
(see below) used is normally 100-200 g per polybag for nursery screening.
Labelling should be done for each isolate.

Table 7.3. Materials, equipment and tools needed for
preparation of Trichoderma isolates

Materials Equipment and Tools

Trichoderma isolates Gloves
Safety mask
Scale
Marker
Plastic bag

Step 1
Two weeks before application, ensure all Trichoderma media for testing are
ready. See Chapter 4. Check the expiry date for each of the isolates.

Fig. 7.7. Trichoderma media
ready for trialling

Step 2

Each isolate is then weighed according to the treatment dosage. Usually 200
g per polybag is used. This can be mixed with soil (See Step 3 of Nursery
Inoculation).
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Fig. 7.8. Weighing out
Trichoderma medium for soil
inoculation

Step 3
Place each weighed isolate in a plastic bag and label with the isolate and
treatment codes.

Fig. 7.9. Trichoderma is labelled
and ready for soil inoculation
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7.4 Nursery Inoculation

RWBs are taken from the incubation room at the laboratory and transferred
to the nursery, to be placed into the prepared polybag. Polybag placement
(experimental design) can be done one day to one week prior to planting.
The distance between the surface of RWB and the surface of polybag (nor-
mally 14 cm) is critical and should be standardized and checked carefully.

Table 7.4. Materials, equipment and tools needed for nursery inoculation

Materials Equipment and Tools
Polybag 20x30x0.1 cm with soil  Calibration tool
Selected inoculated RWBs Gloves and face mask when handling
Trichoderma
Step 1

Open the package containing the inoculated RWBs.

Step 2

The selected Ganoderma inoculated RWB is then placed onto the soil in the
prepared polybag at 14 cm from the top of the bag so that the upper surface
of the block is about 8 cm from the top of the polybag (Fig 7.10). A cali-
bration tool should be used to standardize the distance between the RWB’s
top surface and the top of the polybag (Fig. 7.10). Then cover the inoculum
source with top soil (Fig. 7.11) to a depth of 8 cm.

8cm

Fig. 7.10. (a) Distance between RWB surface and polybag surface. (b) Calibration
tool. (c) Distance standardization using a calibration tool
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Step 3

Prepare Trichoderma treatments. Medium containing Trichoderma (see
Chapter 4) can be applied by mixing with soil. Trichoderma is mixed with soil
by hand (wear gloves and mask) then add mixture to polybags above RWB
to a depth of 8 cm (Fig. 7.10 above) before seed/seedling planting (see below).

Fig. 7.11. Mixing Trichoderma
with soil

Fig. 7.12. Stages in polybag preparation prior to seed/seedlings planting:
(a) Polybags filled with soil to a depth of 10 cm. (b) RWB placement in the
middle of polybag. (c) Polybag topped up with Trichoderma inoculated soil

7.5 Planting

Planting is an important stage in Trichoderma nursery screening. Materials
that are used for nursery screening should be either germinated seeds or young
(three-month-old) seedlings. In order to minimize root injury during this
stage, the use of germinated seeds is more favourable, and easier to handle. In
addition, disease symptoms can be seen more rapidly using germinated seeds.
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Uniform germinated seeds or seedlings need to be prepared (see Kelanaputra
et al.,2018) and ready for planting. In order to standardize plant response to
Ganoderma it is preferable that seedlings come from random sample of seeds
or commercial seedlings.

Table 7.5. Materials, equipment and tools needed for planting

Materials Equipment and Tools
Oil palm germinated seeds Pen
Oil palm seedlings Trial Board

Watering can

Step 1

One or two days before planting, re-check the polybags and plot arrangement.
Spare polybags are also needed to be set up as reserve in case the seedling fails
to emerge.

Step 2
One day before planting, polybags are watered using a watering can for
small scale of trials (approx. 200-300 ml per polybag).

Fig. 7.13. Hand watering prepared polybags
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Step 3
On the day of planting, all planting materials should be at the nursery along
with identification information such as bunch reference.

Step 4

Record the name of treatment/progeny code of the plant material. Check
that the information on the label attached to the seed bag matches that of
the received seedlings/germinated seed.

Step 5

Plant oil palm seedlings (3 months old) or germinated seeds into polybags
based on trial design, one seed/seedling per polybag. This is done manu-
ally and carefully by pushing the seed through the soil to the RWB, so as
not to damage the seeds. For three month old seedlings, these are removed
gently from their polybags and loose soil removed by shaking. The roots
are then gently twisted together and pushed through the soil and placed on
top of the RWB. The control treatments should be set up first followed by
Trichoderma treatment plots.

Fig. 7.14. Germinated seeds ready to be planted on polybags

Step 6
Record information of trial number, planting date, name of isolate, progeny
code (if any) on a plate in front of the trial plots.

Step 7
Record information on Ganoderma infection (Rahmaningsih et al., 2018)
every two weeks or monthly.
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Scoring Response of Ganoderma
to Trichoderma

Abstract

Standard methods in screening seedling response to Ganoderma have been
described by Rahmaningsih et al., 2018 (this series). Here we describe
methods to score the effectiveness of Trichoderma isolates as antagonists
of Ganoderma through observations on seedlings infected by Ganoderma.
This is done in the nursery by growing seedlings in soil inoculated with
Ganoderma RWBs and Trichoderma (see Chapter 7). Two different obser-
vations of seedlings are conducted, one is external, the other is internal. For
the external observations, the appearance of Ganoderma mycelium, basid-
iocarp and/or foliar symptoms (including seedling mortality) are recorded.
For internal observations, seedlings are considered infected by Ganoderma
when decayed (rotten) tissues are observed inside the bole. External obser-
vations are conducted every two weeks or monthly while the internal symp-
toms are observed at the end of each experiment. The first observations are
made during the first month, and thereafter once a month until the first
Ganoderma symptoms are detected, thereafter observations are carried out
more regularly, every two weeks.

8.1 External Observations

External observations follow the methods described by Breton et al. (2006)
and Idris et al. (2006). Foliar discoloration (leaf browning, leaf drying from
older to younger leaves and finally leaf death) is counted as an infection.
Usually Ganoderma foliar symptoms are followed by the appearance of
mycelium and/or basidiocarps (fruiting bodies) on seedlings or on the side
of polybags. Standardization of the various symptom scores are important
in an effort to develop rigour to the screening. Personnel who conduct
the observations should understand the disease symptoms in seedlings and
how to score them.
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Table 8.1. Materials, equipment and tools needed for external observation

Materials Equipment and Tools
Oil palm seedlings inoculated with Observation form (Fig. 8. 1)
Trichoderma and Ganoderma Clip board
Pen
TUTHSANG DR wioNEsA QO Verdant

DISEASE RECORD DATA / GANODERMA ON NURSERY RECORD DATA

LxptNo: Recorder:
Oate: Estate/Ov Bl
Phot Palm Rep Infectedty | Didby Basidipcarp Appearance (Yes{Tc) pigt| PE™ Rop) Infectedby | Did by Basidiocarp Appearance (Yes/No)
No Ganodermo | Ganoderma to Gonoderma | Gasoderma
8] m ] s [ M5 | fes | Fep B m] s [ w5 ] ves | ree
1
2
3
4
3
3
10 10
D 1
12 12
13 13
14 14
15 15
16
- 16

Fig. 8.1. An example of an observation form for recording Ganoderma disease
symptoms in seedlings

Steps in taking external observations

Step 1

The entire experimental plot is inspected regularly (being mindful of wea-
ther conditions, wind and rain that may disturb the polybag layout). Each
polybag is observed regularly for seedling emergence.

Step 2
Seedlings are expected to emerge from the soil after 10 to 14 days after
planting.

Step 3

First observations are normally carried out at one month after planting when
all seedlings should have emerged. Seedlings which have failed to emerge,
and any abnormal seedlings are identified; these seedlings should be replaced
by the normal seedlings from the spare plot (see Chapter 7) and the fact
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recorded. External observations are conducted every two weeks or monthly
while the internal symptoms are observed at the end of each experiment.

Step 4
Seedlings are identified based on the information given on their label attached
to the polybag.

Fig. 8.2. Routine external observations taken in the nursery

Step 5
All symptoms are recorded on the observation form (Fig. 8.1).

Fig. 8.3. External observation symptoms consist of healthy seedling, infected
seedling with Ganoderma mycelia and infected seedling with basidiocarp
(from left to right)
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Step 6
External observations are completed usually about 8 to 10 months after
planting, or when the control plot has >80% infection.

8.2 Internal Observations

Internal observations are conducted in the nursery using destructive tests on
the seedlings. Seedlings are cut longitudinally using a knife. The severity of
internal symptoms is assessed by a visual estimation of amount of damaged
tissue caused by Ganoderma using a scale established by Breton ez al. (2006).

Fig. 8.4. Longitudinal section of a seedling showing internal Ganoderma rot
symptoms at the base of the bole

Table 8.2. Materials, equipment and tools needed for internal
observation

Materials Equipment and Tools
Oil palm seedlings inoculated Knife
with Ganoderma Observation form (Fig. 8.1)
Pen

Steps in taking internal observations
Step 1

At the end of the screening period (about 8 to 10 months, or when control
plot (no Trichoderma added) has >80% infection), each seedling should be
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removed from its polybag and cut open longitudinally with a knife, splitting
the bole into equal halves.

Step 2
Identify both healthy and infected seedlings. Infected seedlings have discolour-
ation and decay of the bole tissues.

Step 3
All the symptoms are recorded on the observation form (Fig. 8.1).

Step 4

The experiment is concluded and materials disposed carefully. Seedlings,
soil and RWBs are removed from the polybags. Polybags are removed and
disposed of in a special plastic dump, soil is placed in a confined area. The
RWBs and seedlings should be incinerated.

Outcomes

Nursery screening is a good method to test the best Trichoderma isolates.
This is simpler and requires shorter time than field testing. The tests can
be used to discover more potent sources of Trichoderma for commercial
production, i.e. testing against standard commercial isolates to find better
(more aggressive) isolates of Trichoderma, which may then be developed for
commercial production (see Chapter 7).

Bibliography

Breton, E, Hasan, Y., Hariadi, Lubis, Z. and de Franqueville, H. (2006)
Characterization of parameters for the development of an early screening test
for basal stem rot tolerance in oil palm progenies. Journal of Qil Palm Research
Special Issue April 2006, 24-36.

Idris, A.S., Kushairi, D., Ariffin, D. and Basri, M.W. (2006) Technique for Inoculation
of Oil Palm Germinated Seeds with Ganoderma. MPOB Information Series.
ISSN 1511-7871 2006, 1-3.

Rahmaningsih, M., Virdiana, L., Bahri, S., Anwar, Y., Forster, B.P. and Breton F. (2018)
Nursery Screening for Ganoderma Response in Oil Palm Seedlings: A Manual.
Techniques in Plantation Science. Forster B.P. and Caligari, P.D.S. (eds). CAB
International, Wallingford, UK.

printed on 2/13/2023 12:36 PMvia . Al use subject to https://ww.ebsco.conlterns-of-use






Production of Trichoderma 9
for Commercial Application

Abstract

From nursery screening (Chapter 8) the most effective Trichoderma isolates
can be identified and advanced for large scale, commercial production and
application. In order to use Trichoderma on a large or commercial scale, huge
stocks need to be produced and stored ready for field application. Stock have
a limited storage time and are assigned an expiry date, for Verdant this is eight
months. Stocks of Trichoderma are normally produced six months before soil
application. Trichoderma is most often used in re-planting, i.e. continuous oil
palm production as Ganoderma incidence is high. Trichoderma is stored in
a go-down with a concrete floor and good aeration and with road access for
transportation to the field when required.

Table 9.1. Materials, equipment and tools needed for commercial application

Materials Equipment and Tools

Rice husk media

Trichoderma in maize and rice husk medium Pail
Labelled gunny bag
Weighing scale
Room or Go-down
Burlap sewing machine
Burlap sewing thread
Permanent marker
Book
Pen
Transport by truck

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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Steps in commercial Trichoderma production

Step 1

Large scale Trichoderma cultures in maize medium are set up for large scale
mycelia biomass production. Details of Trichoderma multiplication are
given in Chapter 4.2. Trichoderma Multiplication on Maize Medium.

Step 2

Mix Trichoderma in maize medium with rice husk medium in a ratio of 1:4
as follows. Prepare 2 kg of Trichoderma in maize medium and weigh 8 kg of
rice husk medium. Place both rice husk and Trichoderma in a pail (diameter
50 ¢cm) and mix by hand.

Step 3
Trichoderma in bran medium is poured directly from the pail to gunny bag,
30 kg per gunny bag.

Step 4

The gunny bag should be closed securely to avoid insect infestation, this is
done by closing the top of the gunny bag and sealing it by sewing using a
burlap sewing machine with burlap sewing thread.

Fig. 9.1. Manual sewing of
Trichoderma gunny bag

Step 5

A printed label is attached to the gunny bag (using an inside and outside plastic
layer). The label should have information on the product name, contents,
weight, production date and expiry date. The production date and expired
date is write manually using a permanent marker pen.
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Step 6

Place Trichoderma gunny bags on wooden pallets on a concrete floor inside
a clean room with aeration. The room needs to be free of insects and should
be a designated Trichoderma storage room — there should be no chemicals
in the storage area.

Step 7

Document the Trichoderma stock in a record book which is maintained for
each Trichoderma stock with details of date and amount of product sent to
the field for application.

Fig. 9.2. Trichoderma product in both closed and open bag

Step 8
Trichoderma is usually delivered to the field using a truck. For application
in the field see Chapter 10.
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Trichoderma Application
in Oil Palm Plantations

Abstract

Trichoderma applications to help protect oil palm from Ganoderma can
be carried out in the field. This is done during the field planting process.
Here we describe the procedures involved, from the preparation of the
Trichoderma product and how it is applied to the planting hole prior to
planting young palm plants.

10.1 Trichoderma Application in the Field

Field application of Trichoderma is done at the time of planting young oil
palm plants (ex seedlings or ramets), which are prepared in the nursery
(see Laksono et al., 2019, this series). The preparation of the planting area
is described by Sitepu et al., 2019 (this series). Here we describe activities
once the planting holes have been made and the planting materials have ar-
rived from the nursery ready for planting. Three different activities are done
in series: 1) application of slow release Rock Phosphate (RP) fertilizer to
the planting hole, 2) application of Trichoderma product (see Chapter 9)
to the planting hole and top soil, and 3) planting the young oil palm into
the planting hole. The hole should be at least 40 cm depth and dug using a
hole-digger as per estate standard practice (see Sitepu et al., 2019).

Table 10.1. Materials, equipment and tools needed for field application

Materials Equipment and Tools
Trichoderma product Hole-digger
Field ready young palms Hoe
(seedlings or ramets) Bags for pre-weighed Trichoderma product per
Soil planting hole, or measuring cup
Rock phosphate

© lke Virdiana, Miranti Rahmaningsih, Brian P. Forster, Monika Schmoll
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Steps in Trichoderma application in the field

Step 1

Prepare area to be planted with oil palm and dig planting holes (see Sitepu
et al., 2019 for details). Trichoderma product can be applied as soon as each
hole is dug.

Fig. 10.1. Oil palm planting
hole

Step 2

The Trichoderma product is pre-weighed, e.g. 200 g per planting hole and
placed into separate bags (one per planting hole); alternatively a measuring
cup for 200 g Trichoderma product can be used.

Step 3

Apply 800 g Rock Phosphate (RP) fertilizer per hole by hand. The RP is
normally pre-weighed into bags (one bag per planting hole). Half of the RP
(400 g) is applied to the inside of the planting hole, and the balance (400g) is
mixed with top soil used to cover the planting hole after the young oil palm
plant has been placed into the hole.
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Fig. 10.2. Rock phosphate
application into planting hole

Step 4

After applying 400 RP around the inside of the planting hole, add a layer
of about § cm of top soil mixed with RP to the base of the hole. Then apply
200 g Trichoderma product inside the planting hole and around the wall;
this is done by hand.

Fig. 10.3. Trichoderma applied
in the planting hole
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Step 5

Remove the polybag from the young plant taking care not to disturb the
roots. Place the young oil palm plant into the hole (see Sitepu et al., 2019
for details and labour requirements).

Fig. 10.4. Planting a young oil
palm plant into the prepared
planting hole

Step 6
Fill the hole with the top soil/ RP mix until it is half full, and then carefully
gently compact the soil all-round the young oil palm plant by stamping.

Step 7
Continue to fill the hole until it is full and then once again gently compact
the soil all-round the palm.
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Fig. 10.5. Compact the soil
all-round the seeding

Step 8
Remove the string from the palm.

Step 9
Planting is recommended to be done in the rainy season. If the planting is
done in the dry season, then watering is required.

10.2 Post-application Monitoring

The planting work is normally supervized and checked to ensure all work
has been done correctly and in accordance with SOPs.

Surveys for pests and diseases normally start one month after planting.
Any missing or diseased plants are noted and should be replaced by ‘supply’
plants from the nursery (see Laksono et al., 2019). Ganoderma censuses are
done twice a year.
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10.3 Trichoderma and Ganoderma Monitoring in the Soil

There have been a number of genomic studies to investigate the interaction
between oil palm, Ganoderma and Trichoderma. However, a major limita-
tion of Ganoderma detection is that the physical symptoms do not appear
until the disease is at a critical stage and these symptoms can take a few
years to develop. Genomics tools are being developed to detect and monitor
Ganoderma in both soil and in palms. DNA techniques are also being used
to genotype Trichoderma and to assess the potential of different genotypes as
a biocontrol. Several detection methods have been used in attempts to detect
Ganoderma infection as early as possible, ranging from immunoassay-based
(the first molecular attempts to detect Ganoderma) to DNA-based testing
(Hushiarian et al., 2013).

Genomic identification of fungi is usually done using DNA sequences
within the Internal Transcribed Spacer 1 and 2 (ITS1 and 2) region (Schoch
et al.,2012). The ITS region is a universal marker for fungi, thus identifications
based on ITS sequence data alone must be used with caution, especially when
dealing with closely related species. An alternative is to use sequence of the
protein-coding gene translation-elongation factor 1-a (tef) for Trichoderma
and Ganoderma identification, since this is more variable than ITS rDNA
(Samuels, 2005; Loyd et al., 2018).

In addition to Ganoderma and Trichoderma, it is known that there
are several groups of microorganisms which affect soil quality in oil palm
plantations, thus soil monitoring is needed to assess the soil health. Soil
monitoring is done before planting/replanting as a baseline point and then
repeated periodically during the life of the plantation. Soil DNA analyses
can compare the amount of Ganoderma, Trichoderma, and other beneficial
and pathogenic microorganisms within the soil over time and thus provide
growers with vital information on soil health (Kirk et al., 2004). Verdant is
currently developing DNA diagnostics to monitor soil health and a manual
on soil DNA techniques is in preparation for this series.
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contamination checks, inoculated
RWBs 72-73, 73
cultural disease control 8-10, 10
culture, laboratory
Ganoderma isolation from
basidiocarps 48-53, 52
mass production of Trichoderma
39-43
multiplication of Ganoderma
isolates 53-54
Trichoderma requirements 4, 26

disease/pest monitoring, plantations 97-98
DNA diagnostics, for soil health 98
Dual Culture Test 65-66, 66, 67

emergency procedures 20, 21
endophytic associations 4, 5-6
enzymes, extracellular 5
equipment and tools
commercial Trichoderma production 89
field and nursery activities 20-21, 70,
76,78, 93
fungal culture inoculation/propagation
39,40, 4142, 53, 58
Ganoderma basidiocarp collection
46, 46-47
incubation of RWB Ganoderma
inoculum 59-60, 60, 73
media preparation 26, 31, 33, 49, 54
protective clothing 19-20, 21, 77, 78
response scoring, in nursery
screening 84, 86
rubber wood block preparation 55,
55-57
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expiry date, Trichoderma stock 74, 89, 90

external symptom observations 83-86, 84, 85

fallow period, impacts 9-10
fertilizer application 93, 94-95, 95
tield procedures
basidiocarp collection 45-48
health and safety 21
planting out young plants 93-97,
96, 97
fungicides
biological 4, 5
systemic chemicals 10

Ganoderma
disease isolates and species 7
dual culture testing, with Trichoderma
65-66, 66, 67
G. boninense 7,9, 12, 58, 65
G. zonatum 7, 58
inoculation and growth on RWBs
54,57-61,72,72-73,73
isolation and culture methods 48-54
monitoring and detection 97-98
parasitised by Trichoderma, in vitro
studies 11-13, 12
pathogenicity screening 57-58, 61,
61-62
sources of infection 6-7
see also basal stem rot disease;
basidiocarps
genotyping, for microbial monitoring 98
germinated seeds, oil palm 77-78, 79
gunny bags, for Trichoderma cultures 90,
90-91, 91

health and safety 19-21, 47
holes for planting, preparation 94, 94-95, 95

incubation
dual plate antagonism test cultures 66
Ganoderma cultures 53, 54
RWBs with Ganoderma
inoculum 59-60, 60, 61, 72
Trichoderma cultures 41, 41, 43, 43
inoculation

culture plugs for antagonism testing 66

of nursery trial soil with Trichoderma
74,77, 77

of RWBs with Ganoderma 57-59,
58,59

seedling polybags, inoculated RWB
placement 76, 76
sub-culturing, PSA media 39-41,
40, 41, 51-54
Trichoderma, into maize medium
33, 33, 41-43, 42
integrated disease management 3, 8
internal symptom observations
83, 86, 86
ITS (Internal Transcribed Spacer)
sequences 98

labelling, commercial products 90
laboratory procedures
aseptic culture techniques 48, 51-52
health and safety 19-20
mass production of Trichoderma
39-43
media preparation 25-33,
48-50, 51
laminar air flow cabinets 30, 39, 50, 51

maize medium
inoculation with Trichoderma 33, 33,
41-43, 42
preparation 30-33, 30, 32, 42
role in commercial Trichoderma
production 90
media, for fungal culture
potato sucrose agar, PSA 25-30, 40,
54-55
PSA plus antibiotics 48-50, 49, 50,
53,65
selective media 39, 48
see also propagation, fungal
mounding, soil 8-9,9
multiplication see propagation, fungal
mycoparasitism 5, 12

nursery procedures, health and
safety 20-21, 76,78
nursery screening
for effective Trichoderma isolates
11,13, 69, 74-79, 87
nursery structure and trial
layout 69-70, 70, 71
for pathogenicity of Ganoderma
isolates 57-58, 61, 61-62
preparation of seedling polybags 71,
71,72, 76-77, 77
response observations and
scoring 83-87, 84, 85
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observation forms, symptom recording
84, 86, 87
oil palm
culture, effect of practices on
disease 8-10
germplasm nursery screening 61
industry development in Indonesia 6, 7

PA (potato agar) see potato sucrose agar
(PSA) medium
pathogenicity screening 57-58, 61, 61-62
percentage inhibition of radial growth
(PIRG) 66
pH, Trichoderma requirements 4
planting
in field plantations 93-97, 96, 97
nursery screening materials 77-79,
78,79
polybag preparation, nursery trials 71, 71,
72,76-77,77
potato extract preparation 26-27,27, 28,
49,55
potato sucrose agar (PSA) medium
inoculation and incubation
techniques 39-41, 40, 41
materials and equipment
25,25-26,54
modified PSA (with antibiotics) 48-50,
49, 51, 53, 65
preparation process 26-30, 28, 29,
30, 55
as starter for Ganoderma on RWBs
54, 56,57,57
propagation, fungal
inoculation and incubation 39-43,
53-54
media preparation 30-35
using rubber wood blocks 54-61,
60, 61
PSA see potato sucrose agar (PSA) medium

randomised block design (trials) 70, 71
re-planting
disease reduction, cultural
strategies 9-10
successive, and BSR disease
incidence 7
Trichoderma applications
11,11, 89
worker health and safety 21
resistance, breeding for 3, 8, 10
rice husk medium 33-35, 34, 35, 90
rock phosphate (RP) 93, 94-95, 95

rubber wood blocks (RWB)
as Ganoderma inoculum, in vitro
studies 11-12, 12, 54
incubation and storage 59-60, 60, 61
inoculation process 57-59, 58, 59
in nursery screening, Ganoderma
pathogenicity 61, 61-62
placement in nursery seedling
polybags 76, 76, 77
preparation steps 55, 55-57, 56, 57
selection for Trichoderma screening
trials 72, 72-73,73

scoring, disease development 48
external observations 83-86, 84, 85
internal observations 86, 86
secondary metabolites 5
seedlings
Ganoderma pathogenicity
screening 61-62
nursery growth conditions 69, 84
planting process 77-79, 78
Trichoderma pre-treatment 12, 12-13
shading, nursery 69, 70
shredding, palm stems 9, 10
soils
compacting, around young field
plants 96, 97
filling of nursery polybags 71, 71
health monitoring 10, 98
microbial competition in 4, 9
mixing withTrichoderma for nursery
trials 74, 77,77
Trichoderma application in planting
holes 11, 11, 93-95, 95
sporulation, Trichoderma 4
standard operating procedures
(SOPs) 20, 21, 97
sterilization
culture media 28-30, 30, 50
inoculation tools 40, 53, 58
propagation media 31-32, 32, 33
rubber wood blocks 57, 57
surface sterilization, field samples 51
storage
culture media 33, 50
Ganoderma cultures 53
Trichoderma, commercial product
89,91, 91
see also incubation
sub-culturing 39-43, 40, 41, 42, 52-54
sun drying, rice husk medium 33-35, 34
symptom scoring observations 48, 83-86,
84, 85
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temperature life cycle 4
Ganoderma growth requirements nursery screening of isolates 11, 13,
53,60, 69 69, 74-79, 87
Trichoderma growth requirements T. barzianum 11, 12
4,41 T. virens 11, 13
tools see equipment and tools T. viride 12
training see also biological control
assessment of inoculated RWB
quality 72
field and nursery worker safety 21,47  Upper Stem Rot disease
laboratory procedures 20, 30, 50 (USR) 45,47

translation-elongation factor (tef) 1-a 98
triadimenol (fungicide) 10
trial layout (in nurseries) 70, 71, 79 Verdant Bioscience 13,25, 89, 98
Trichoderma spp.
antagonism screening (dual plate)

test 65-66, 66, 67 waste disposal 20, 54, 87
biological interactions 4, 5-6 water agar (WA) 48
commercial use applications 3-4, 5, watering

93-95 nursery trial polybags 78, 78
DNA-based identification in soil 98 young field plants 97

dosage for nursery trials 74-75, 75
growth in culture 4,26, 39
large scale production 89, 89-91 zero burning regulations 6, 54
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