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Abstract.
Plant growth promoting microbes (PGPM) are soil-borne microbes that colonize plant
internal tissues as endophytes or live on root surfaces. They are classified into three
main groups based on their growth promoting mechanisms, namely biofertilizers,
biostimulants, and biocontrol agents, each of which contribute directly or indirectly to
improved plant growth and productivity in a variety of ecosystems. PGPM development
as biocontrol agents in the context of integrated pest and disease management
has been a research program initiative in several forestry companies for quite some
time. Adoption of PGPM as biofertilizers and/or biostimulants, particularly in nursery
operations to produce vigorous and healthy seedlings, has recently gained traction.
The current state and potential future roles of PGPM in the sustainable production of
Indonesian estate forests are discussed in this paper.
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1. Introduction

Plant growth promoting microbes (PGPM) live on the surface of the roots or in the
internal plant tissues as endophytes. They serve varied ecological roles in different
ecosystems. PGPM can be fungi (PGPF) or bacteria (PGPB/PGPR) and classified into
three groups based on the mechanisms involved in the growth promoting processes, i.e.
(i) biofertilizers (improving nutrient availability and utilization), (ii) biostimulants (providing
beneficial substrates), and (iii) biocontrol agents (inhibiting pathogen growth through
the generation of antimicrobial substances or space and food competition) [1]. Some of
PGPM display two or even three different activities. PGPM may boost plant growth and
health by direct and/or indirect mechanisms. The direct processes improve plant growth
by producing minerals or by yielding growth regulators, while indirect modes enhance
plant resilience in the existence of both biotic and abiotic stresses [2-3].
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In 2018 the coverage of Indonesian estate forests exceeded 8,5 million ha [4], most
of which were situated on the Sumatera and Kalimantan islands. In that same year the
Forestry Sector shared ca. USD 12,2 billion to the country’s income [5]. One limiting
factor in the sustainable management of estate forests in Indonesia has been pest and
disease attack. Introduction of new plant species has frequently led to the emergence
of new and threatening pests and diseases. Several pathogens have been reported
since the introduction of fast-growing acacias and eucalypts. Abiotic stresses have
also been identified to cause reduced tree growth rate or even mortality in certain
areas. Utilization of plant resistance [6-7] and development of PGPM as biocontrol
agents [8-16] in the scenario of integrated pest and disease management have for
some time been one of research program initiatives in a number of forestry companies.
Recently, however, adoption of PGPM as biofertilizers and/or biostimulants, especially
in the nursery operations to produce vigorous and healthy seedlings, has also regained
momentum [17-19]. This paper is aimed at briefly discussing current status and potential
future roles of PGPM in the sustainable production of Indonesian estate forests.

1.1. Endophytic Trichoderma

In this paper the discussion is focused on endophytic Trichoderma isolates as they are
consideredmore stable and have a wider plasticity than the free-living isolates. They are
also better protected from abiotic stresses compared to the rhizospheric mates. They
have capacities to improve both plant health and plant growth as well as to exist in
the plant root through the rotation [20]. More than 200 putative isolates were collected
and isolated from different ecosystems and localities in Riau, Indonesia (Figure 1), and
subsequently screened (Figure 2). Out of those isolates, some were able to increase
the growth rate of Acacia mangium seedlings (height up to 26% and diameter up to
10%) and reduce significantly the red root rot disease incidence in the nursery (Figure
3) [11-17].

1.2. Organic Biofertilizer LOB-BS

A commercially available organic biofertilizer (LOB-BS) developed by LIPI (Indonesian
Institute of Sciences) [21-22] was recently evaluated for their ability to enhance the
growth and health of A. crassicarpa seedlings in nursery [17-18]. Figure 4 (top) shows
that the LOB-BS was able to increase germination rate of up to 3.5 % [18]. The LOB-BS
also had a positive impact on the growth of A. crassicarpa seedlings. As presented
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Figure 1: Isolation and purification of putative endophytic Trichoderma isolates [11-17].

Figure 2: Nursery screening of endophytic Trichoderma isolates [11-17].

in Figure 4 (bottom) below, the height of A. crassicarpa seedlings at 12 weeks after
application was increased at the rate of 20 % [18]. The microbes in the LOB-BS play
a critical role in reducing immobilization of available nutrients in the media, increasing
nutrient absorption leading to increased height of A. crassicarpa seedlings.

Observations were also made on the incidence of major diseases of A. crassi-

carpa seedlings, i.e. Xanthomonas leaf blight, Fusarium wilt and leaf spots caused
by pathogens Pestalotiopsis sp. and Phaeotrichoconis sp. Figure 5 (top) shows that
the LOB-BS reduced the incidence of major diseases on A. crassicarpa seedlings of
up to 40 % [18]. The ability of the LOB-BS to improve seedling vigor was also obvious
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Endophy c Trichoderma isolates 

Figure 3: Some endophytic Trichoderma isolates were able to to improve the growth rate (top) of and reduce
significantly or even eliminate red root rot disease incidence (bottom) on Acacia mangium seedlings in the
nursery [11-17].

[17]. Figure 5 (bottom) shows the effect of the product on increasing the vigor of A.
crassicarpa seedlings in nursery, providing in turn more resistant stands against abiotic
and biotic factors when later planted commercially in estate forests.

1.3. Arbuscular Mycorrhiza

Artificial chemicals have been routinely used in nursery operations to maintain nursery
productivity. The utilization of chemical fertilizers and pesticides, however, has posed
environmental concerns. Therefore, nursery should be managed in an environmentally
justified manner. Utilization of PGPM as one option in this scenario has recently been
reviewed in different ecosystems [23-26]. Application of mycorrhizae to form symbiotic
association with plant roots is an example. It has been demonstrated that mycorrhizal
association increases plant resistance or tolerance against biotic or abiotic stresses [27-
29]. A number of different species of arbuscular mycorrhizae (AM) were recently tested
in nursery for their ability to enhance growth of Eucalyptus pellita seedlings under lower
consumption of chemical fertilizers and zero pesticides [17,19]. As it can be seen in Table
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Figure 4: Effect of LOB-BS on the germination rate (top) and on the growth 12 weeks after application
(bottom) of Acacia crassicarpa seedlings [18].

1, the two AM products tested, AM1 and AM2, were not able to compensate the reduced
doses (both to 50 % and 25 %) of the current fertilizer regime (SOP) in term of seedling
height and root collar diameter of E. pellita seedlings [19]. More research is required to
explore possible reduction of fertilizer regimes through application of the AM products.

Table 1: Height and root collar diameter of Eucalyptus pellita seedlings at 90 days old in different treatments
of arbuscular mycorrhizae, adapted from [19].

Treatment Height (cm)∗ Diameter (mm)∗

AM1 + SOP 48.44a 4.97a

AM1 + 50 % SOP fertilizer regime 40.67b 4.30bc

AM1 + 25 % SOP fertilizer regime 33.46cd 3.58d

AM2 + SOP 49.64a 4.98a

AM2 + 50 % SOP fertilizer regime 36.37c 3.90cd

AM2 + 25 % SOP fertilizer regime 32.05d 3.46d

SOP (current fertilizer regime) 48.15a 4.76ab
∗Numbers in the same column followed by the same letter are not statistically different (p-value
< 0.05).
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Figure 5: Incidence of major diseases on Acacia crassicarpa seedlings 12 weeks after application (top) and
vigor of A. crassicarpa seedlings with (bottom left) and without (bottom right) application of LOB-BS [17].

1.4. Future Potentials

The role of PGPM in different ecosystems has been adequately reviewed. Little is known,
however, about their application in plant micropropagation or tissue culture processes.
A special discussion on this topic was recently published [1]. The authors reveal that the
strictly sterile conditions of the in vitro conventional tissue culture methods deserve to
be revisited to provide the vitro-plants with the positive impacts of PGPM. They further
mention that PGPM should increase the efficiency of plant tissue culture techniques,
leading to reduced production cost of vitro-plants. The utilization of adequate PGPM in
micropropagation is called “biotization” [30], which should reduce chemical use in plant
production [31].

Biotization is gaining attention from researchers of different fields including forestry.
In nature, all species of forest trees depend on symbiotic associations with endomycor-
rhizal fungi [32]. In vitro mycorrhization of micropropagated plants prior to acclimatiza-
tion improves survival and resilience to both biotic and abiotic stresses and enhances the
functionality of the root system [276-29, 33]. In the forestry sector, in vitromycorrhization
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techniques have indeed been developed for several trees including Eucalyptus [34-
35]. Application of mycorrhiza enables E. tereticornis micropropagated plantlets to
survive and grow better [36]. Identification and selection of effective PGPM isolates
with ecological plasticity for plant tissue culture use are the main challenges in the
forestry sector, putting the benefits of consortiums rather than single strain inoculums
into consideration. In addition, efforts should be made toward nanotechnology-based
formulations of the PGPM. Genetically modified inoculants should also provide oppor-
tunities to improve the quality of the PGPM isolates [1].

In recent years PGPM, especially bacteria, have been utilized as the priming agents
both as in vitro co-cultures and on transplanting. The process, often referred to as
biological hardening or biopriming, is aimed at increasing plant growth and health at a
reduced chemical input. Plant growth promoting rhizobacteria (PGPR) and mycorrhiza
are among the PGPM used to accelerate the seedling production processes in nurseries
by reducing the time required for lignification of themicropropagated plantlets. Research
indicates that the beneficial microbes are sustained even after exposed to the field
conditions [37]. Despite this fact, however, the inoculation of tissue culture propagules to
enhance plant fitness, productivity and resistance against biotic stresses is still relatively
new [38].

Pseudomonas andBacillus have been themost widely studied organisms as potential
priming agents. In tea, for example, Bacillus subtilis, Bacillus sp. and Pseudomonas

corrugata were reported to enhance survival (up to 100 %) compared to control plants
[39]. Bacterial inoculations of tissue culture propagules also increased tea growth [38].
Similarly, mixtures of endophytic B. pumilus, B. subtilis and P. fluorescens were e�ective
in increasing the growth and leaf number of micropropagated banana plants under
greenhouse study. The application of the bacterial consortia also resulted in 61.62 %
disease reduction over control [40].

In certain estate forest areas, acidic sulphate soil is the dominant site. This type of
soil, particularly that with high pyrite content, is not conducive for optimum tree growth.
The application of sulphate-reducing bacteria (SRB) has been suggested to mitigate
the negative impacts of pyrite on tree growth. SRB inhibits the growth of the Gram-
negative, acidophilic organism Acidithiobacillus spp., which is capable of expediting
pyrite oxidation. Thus, SRB will lead to the limited production of acid resulted from the
process. In this scenario, Desulfovibrio vulgaris and D. caledoniensis are SRB species
widely studied. The two species were able to increase their environmental pH from 4
to 7.4 and from 6 to around 7.5, respectively [41].
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2. Conclusion

The utilization of PGPM in the management of Indonesian estate forests has been
initiated. Biocontrol agents provide a significant contribution to the integrated disease
management. Although research on organic biological fertilizer and mycorrhiza is still
in its infancy and our knowledge is still limited, some promising results have been
obtained.

Future work should also be directed to explore other roles of PGPM to ensure the
sustainable management of Indonesian estate forests. This may include biotization and
biopriming agents to enhance plant growth and health, as well as sulphate reducers to
mitigate negative impacts of acidic sulphate soil with high pyrite contents.
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