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Research AND
Development

A significant number of our research programmes is cross-
disciplinary, such as various breeding programmes to develop 
planting material that is disease-tolerant (e.g. against Ganoderma 
disease), drought-resistant or more efficient in nutrient uptake 
and utilisation, as well as research into carbon accounting and 
biodiversity assessment within our plantations.

Our research institute is certified ISO 9001-2008, and the analytical 
laboratory is certified ISO 9001-2008 as well as accredited 
ISO 17025. Our research activities are managed by seven 
departments, as illustrated in Chart 5.1.

The mission of SMART Research Institute (“SMARTRI”) is to 
support the sustainable development of GAR, through innovation, 
developing best practices, and an improved oil palm breeding 
programme. In 2012, the research and development spending 
was Rp82.03 billion (or US$8.73 million).

SMARTRI conducts applied and scientific research in the following 
main areas:

• Agronomy, which includes various studies such as the oil 
palm tree mineral nutrition, water management, soil fertility, 
eco-physiology studies, and the development of sustainable 
cultivation practices;

• Breeding, namely the continual improvement of the oil 
palm tree through a conventional selection programme, and 
more recently through assisted molecular breeding. The 
development of tissue culture will also contribute to improving 
the yield of our future plantings;

• Crop protection, predominantly through an Integrated Pest 
Management (“IPM”) approach, covering the control of pests, 
entomology, phytopathology and weeds; and

• Sustainability, including developing methodologies and tools to 
assess the impact of our field practices on the environment, 
and subsequently to develop and test more sustainable 
agricultural practices for palm oil production.
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EQUIPPING AND TRAINING
As of December 2012, we had 70 graduate researchers posted 
in the main research station of Libo in Riau, Sumatra as well as 
in our research substations located in all the provinces where 
GAR operates. GAR is committed to training these researchers, 
providing them with both in-house and external training conducted 
by foreign institutions. Our researchers generally possess a 
bachelor degree in agriculture. In addition, 23% of them have 
obtained a master’s degree in Indonesia or abroad, and 6% have 
a PhD from abroad.

ENSURING ENvIRONMENTAL SUSTAINAbILITy
We recognise that measuring the impact of our agricultural 
practices is an important step towards environmental 
sustainability. Many of our current research projects are aimed 
at effective management of our environmental impacts. We also 
believe that in many situations and based on our field activities, 
there is a close correlation between best practices, such as in 
fertiliser management, and the environmental outcomes. 

Soil fertility management
Soil fertility is a major consideration in managing the mineral nutrition 
of an oil palm plantation. It has a significant impact on the quantity 
of nutrients to be applied to the palms to reach their potential while 
maintaining soil fertility. It is also a key factor to be considered for 
the short, medium and long-term potential use of land. 

To further improve the nutrition management in our plantations, 
SMARTRI in collaboration with the Centre for International 
Cooperation in Agronomic Research for Development (“CIRAD”) 
has embarked on a dedicated research programme for a holistic 
approach to soil fertility evaluation.

The objective of the research programme is to minimise the use 
of mineral fertilisers while optimising the yield performance of 
the palms. One main outcome will be to develop an indicator of 
soil fertility status. The findings would be useful, for instance, in 
developing a new approach to optimising the application of organic 
fertilisers generated from the recycling of our organic by-products 
including palm oil mill effluent (“POME”) and empty fruit bunches 
(“EFB”). Although the recycling of organic by-products has been 
integrated in our soil fertility and mineral nutrition management 
system, we believe that there is still room for improvement. Our 
hypothesis is that we may observe a synergy between organic 
and mineral fertilisers, resulting in an improved mineral nutrition 
of the palms 

In 2012, we took the first step to investigate the spatial variability 
of several parameters of soil fertility and their relationships. 
Analysing the biological component of soil fertility, the abundance 
and taxonomy of soil biota (macro-fauna, nematodes, and 
microbial communities) has been studied in relation with the 
physical and chemical traits of the upper layers of the soil in two 
mineral nutrition management systems – a full mineral fertiliser 
usage and the organic waste recycling of EFB. This is an important 
step as such knowledge is necessary for subsequent studies to 
be interpreted without bias. 

The results confirm the spatial variability of several chemical and 
physical characteristics  of the soil, while other physical properties 
tested during the study were relatively homogenous. In addition, 
we found that the application of organic products results in a 
change of this spatial variability, with more earthworms found 
underneath the EFB applications area, while in a conventional 
system, earthworms are dominant in the circle close to the palm 
trunk. However, there is an evolution with time based on the 
decomposition process of the EFB after their application on the 
soil. Based on a standard qualification index used by scientists, 
the nematode population can be characterised as “more mature” 
in the EFB area compared to conventional management. The 
consequence of these differences for soil fertility remains to be 
studied.

water quality management
As mentioned in our Sustainability Report 2011, specific studies 
have been carried out to assess the impact of our agronomic 
practices on the quality of surface water. In addition to the 
observations in our previous report, we further studied the quality 
of surface water at the field level within our plantation and at the 
landscape level.

At the field level within our plantation
In 2011, a dedicated research design was set up to assess, 
quantify and subsequently build a model of the phenomenon 
involved. Several factors are known to have an impact on the level 
of water run-off and subsequent soil erosion and nutrient losses. 
The study focuses on two major factors, i.e. the degree of the 
slope and the vegetation cover of the ground.

The design compares situations with three land slope levels, 
at 5%, 15% and 25%, as well as two agricultural management 
practices of soil cover. The soil type in the trial is mineral soil with 
a sandy loam to loamy sand texture.

In our current standard practice, soil cover is managed selectively. 
Only the circle at the base of the palms and the harvesting path 
are chemically weeded two to three times a year, while in the 
remaining parts, only woody re-growth is eliminated and common 
grass is kept to cover the soil. In order to evaluate the impact 
of other field practices on run-off and erosion, we created test 
conditions with totally bare soil in order to obtain a wide range of 
values for modelling purposes. 

The design set-up collects water and sediments in a small 
observation plot. Similar observation plots have been repeated 
several times to obtain representative results. 

Analysis of the observations in 2012 shows that good management 
of the ground cover that includes keeping the weeds in most parts 
of the in-field area (i.e. around 80% to 85% of the area), results in 

Chart 5.2   Training received by researchers in 2012

Indonesia Abroad
Short and mid-term training  
Number of staff 19 2
Number of days 58 30
Days/staff 3.1 15
Conference, workshop and  seminar  
Number of staff 17 1
Number of days 65 3
Days/staff 3.8 3.0
Long-term training (> 30 days)   
Number of staff 2 3
Number of days 194 142
Days/staff 97 47
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Chart 5.3    Soil loss due to erosion based on several slope 
   level ground vegetation management practices 
   in 2012
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Field design to study soil run-off and erosion in plots with vegetation cover and 
bare ground.

Collecting water samples from river for analysis.

minimal soil erosion, even on relatively steep slopes. The practice 
of selective vegetation control maintains soil losses at the three 
slope levels at a low two to four tonnes per hectare. On bare 
ground, soil erosion increases from 10 to 26 and 37 tonnes per 
hectare at the 5%, 15% and 25% slope level respectively.

Observations are still on-going to confirm these results. Laboratory 
analysis is also in progress to quantify the nutrient loss in relation 
to water run-off and soil erosion. 

Crop protection
biopesticides
SMARTRI has been researching and applying alternative methods 
to protect crops from weeds, pests and diseases, in order to 
reduce the use of herbicides, rodenticides and insecticides. One 
such alternative is the use of biopesticides that helps reduce our 
reliance on the use of conventional pesticides. 

Biopesticides are pesticides derived from natural materials such 
as animals, plants, bacteria, and certain minerals. They are usually 
inherently less toxic than conventional pesticides (i.e. synthetic 
molecules) and generally affect only the target pest and closely 
related organisms, unlike broad spectrum conventional pesticides. 
Also, biopesticides often decompose quickly, thereby resulting in 
lower exposures and mitigating the pollution problems caused 

At the landscape level
In collaboration with McGill University (Canada), we carried out 
a study at the landscape level on several watersheds to assess 
the quality of river surface water in relation to the various oil palm 
agro-systems including large and smallholder plantations. The 
study covered fertiliser management practices including mineral 
and organic fertiliser regimes. 

The low nutrient concentration levels recorded in the streams 
throughout the landscape indicate that mature oil palm plantations 
covered in the study did not contribute to the eutrophication of 
the aquatic ecosystems. The high nutrient uptake capacity of oil 
palms, together with the Company’s rational fertiliser programme 
are among the reasons for such results. 

The study found that annual specific fluxes from watersheds 
of industrial oil palm cultivation did not exceed fluxes from 
smallholder watersheds.  Some of the measured parameters 
(total phosphorus, potassium, calcium and ammonium nitrogen 
levels) are even lower in the large plantation watersheds managed 
by GAR. Values of water quality and nutrients fluxes in this 
study were within the range of records reported in the literature 
regarding studies carried out in forested tropical watersheds.

The data measured in this study shows a high efficiency of the 
nutrient applied in our plantations. Although the exact values 
are difficult to establish as identical comparative situations are 
very hard to obtain, we can estimate that the current fertiliser 
management practices implemented by GAR result in a low level 
of losses in the stream, well below 5% of the amount of nutrients 
input in the oil palm agro-ecosystem. 

Slope

Bare soil Standard soil vegetation
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Study of predator species
In collaboration with CIRAD, with the support of the University 
of Besançon in France which specialises in rodent studies, and 
the Museum of Natural History of Paris, we conducted a study 
on how a large diversity of predator species, including small 
carnivores, could contribute to the control of small mammals 
like rats. The importance of landscape composition and 
structure in promoting predator diversity and population was 
also studied. 

Our research aims to better understand how predation by 
small carnivores (e.g. wild cats, civets, mongooses) could 
complement predation by barn owls to provide more effective 
natural pest control in oil palm plantations. This research 
assesses variation in the diet of both small carnivores and barn 
owls found within and between several oil palm concessions. 
It also gathers information about where these small carnivores 
are found within the oil palm concessions, to provide insight 
into how the population of small carnivores can be maintained 
and enhanced within the oil palm landscape.

Initially, a dedicated study has determined a relationship 
between allometric measurement of rat bones and the age 
of these rats. This is an important preliminary achievement in 
order to avoid any bias in the population studied.

Subsequently, three sites have been selected in Sumatra and 
Bangka, representing three contrasting situations in terms of 
landscapes, rodent population and rodenticides used. In each 
estate, we investigated the diversity and the spatial distribution 
of small carnivores, using scat collection found along pedestrian 
transects and night spot-sight counts. Interviews with local 
people including hunters have also been conducted to confirm 
the presence of the species. Small carnivore scat and barn owl 
pellets were analysed to assess the dietary variations of both 
predator communities.

Data analysis is ongoing, but preliminary results indicate that 
small carnivores might play a significant role in the control of 
rat population. Moreover, we have observed a high density 
of leopard cats (Prionailurus bengalensis) within estates in 
biogeographic areas where this species is naturally occurring, 
suggesting the suitability of oil palm landscape for the leopard 
cat. Geostatistical analysis of scat and animal distribution will 
be carried out to investigate the correlation of habitats within 
and surrounding the plantation.

Camera-trap study
Camera-trapping has also been used to confirm the presence of 
natural small carnivore species in the plantations. During 2012, 
eight units were installed in the middle of two plantations, 
close to the settlements and near forested area within the 
plantations located in Riau, Sumatra. Three different species 
of small carnivores, i.e. leopard cat (Prionailurus bengalensi), 
common palm civet (Paradoxurus hermaphroditus) and Malay 
civet (Viverra tangalunga) which are all known to be predators 
of rats, were captured in more than 200 pictures. 

Both leopard cats and common palm civets were found 
throughout the plantation, indicating that these species can 
thrive in oil palm plantations. On the other hand, the Malay 
civet was only found in one of the plantations. 

by conventional pesticides. In the last three years, our use of 
biopesticides has been adjusted according to the pest situation in 
the field (see chart 5.4).

Natural pest control 
As rat population outbreaks can cause significant damage to the 
production of oil palm, it is important that we control the population 
of the rodent at a relatively low level. Our threshold for damaged 
number of fresh fruit bunches is 5%, and thus a relatively low 
quantity of rodenticides is used in our plantations.  

In 2012, an average of 0.8 gramme per hectare of rodenticide 
active ingredient was applied. Despite the low level of 
rodenticides used in our plantations, it is the second most used 
pesticide in our plantations and currently makes up 25% of total 
pesticides used. 

We aim to further reduce the quantity used, through enhanced 
knowledge of the distribution of the variety of rats in our plantation, 
further identification of any case of resistance to rodenticide, 
and most importantly a maximisation of the biological control of 
the rat population. To date the most common biological control 
system used in oil palm plantations is to deploy barn owls (Tyto 
alba), which is widely established in our mature plantations. While 
a very high success rate of this practice is observed in most parts 
of Sumatra, barn owls are either less efficient or have difficulties 
in settling down in immature plantations as well as in several other 
regions in Indonesia. 

During the last five years, a comprehensive research programme 
involving a series of studies has been organised to better manage 
the rat population in our plantations, including the three studies 
described below. 

Analysing rat species composition and behaviour
In collaboration with the Veterinary School of Lyon, we 
conducted a study to seek a better understanding of the species 
composition and behaviour of the rat population in several of 
our plantations. The objective of this study was to investigate 
the distribution of rat species across Indonesia and to detect 
the occurrence of rat resistance to rodenticides in a region that 
is experiencing a regular and high rate of damage to the palm 
fruits, associated with a relatively poor efficiency of biological 
control by barn owls.

Chart 5.4   Biopesticides used in GAR plantations 

Type of biopesticides
Quantity used (kg)

2010 2011 2012

Bacillus thuringiensis 94 8 107 

Cordyceps 2,929 559 841 

Mycorhyza 106,460 95,094 80,263 

Trichoderma 58,336 46,136 128,015 

Virus 37 0 0

Total 167,856 141,797 209,226 
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PROMOTING PRODUCTIvITy IN ThE INDUSTRy
In the palm oil industry, planting material is recognised as the 
most critical factor in maximising yield potential. 

We have been using the high-yielding Dami Mas seeds in our 
new plantings and replantings since 2002. The high-yielding Dami 
Mas seeds are developed through stringent and robust breeding 
experiments conducted by SMARTRI. As at end 2012, 36% of our 
total cultivated area used Dami Mas seed. 

Besides yield potential, GAR recognises the importance of 
improving disease tolerance, drought tolerance and nutrient 
efficiency to enhance the sustainability of the palm oil industry. 
Thus, GAR embarked on its oil palm breeding programme in early 
2000.  Our oil palm breeding and selection programme employs 
three main approaches: conventional breeding, tissue culture and 
biotechnology.  The results of some of our breeding trials are 
described below.

Conventional breeding
GAR’s conventional plant breeding programme involves the 
introduction and introgression of novel genes from other genetic 
sources to boost the genetic biodiversity of palms. As part 
of the programme, we have acquired wild germplasms from 
Cameroon and Angola. These accessions have been planted in 
the fields and have started to bear fruit bunches. Our research 
scientists are monitoring and studying the genetic variations in 
these populations and are confident that some novel traits of oil 
quality, growth habits (such as slow vertical growth), disease and 
drought tolerance would be discovered and later used in our oil 
palm improvement programme. 

Tissue culture
GAR’s tissue culture programme which was initiated in 2007 has 
been encouraging with our first semi-commercial planting of oil 
palm clones in 2011.  These clonal palms have now come into 
bearing. No abnormalities in the fruits and bunches have been 
detected so far.  The abnormality syndrome has been the bane of 
oil palm tissue culturists in the past.     

We have been using breeding methods to ensure that our oil palms 
are hardier, more disease and pest resistant. Currently, Basal 
Stem Rot disease caused by the fungal pathogen Ganoderma sp. 
is the only disease threatening the oil palm industry in this part of 
the world. Higher incidences of this disease have been observed 
in successive replantings of oil palm.  GAR has not spared any 
breeding efforts in its search for a Ganoderma-tolerant oil palm 
variety.  Screening of our mother palms through the artificial 

Carbon accounting
Agricultural activities including oil palm cultivation can result in the 
modification of the carbon balance, through emission of carbon 
dioxide and other GHGs on the one hand, and fixation of carbon 
in the vegetation and fruit biomass as well as in soil as organic 
matter on the other hand.

In order to assess these changes, SMARTRI has been conducting 
direct measurement of carbon flux using a micrometeorological 
method known as eddy covariance. An open path eddy covariance 
system and various sensors have been installed on the top of 
25-metre high tower, above the oil palm canopy. The instruments 
are continuously measuring carbon dioxide fluxes based on 
atmosphere concentration variations, wind direction and intensity, 
and other parameters. 

The carbon dioxide absorption and emission in ecosystem, known 
as net ecosystem carbon dioxide  exchange (“NEE”), are calculated 
based on the above parameters. From the NEE, flux partitioning 
algorithm was used to calculate ecosystem respiration (“Reco”) and 
gross ecosystem carbon dioxide uptake, known as gross primary 
production (“GPP”). 

In addition to measuring the whole oil palm agrosystem carbon 
dioxide exchange as mentioned above, a set of long-term 
automatic soil respiration chambers have been installed to 
measure carbon dioxide emission from the soil. SMARTRI began 
measuring atmospheric carbon dioxide flux in September 2011 
and soil carbon dioxide emission in April 2012. 

Based on the analysis of data recorded in 2012, the oil palm agro-
system in the measurement site could absorb about 164 tons of 
carbon dioxide per hectare per year (equivalent to 45 tonnes of 
carbon per hectare per year), and emit about 124 tonnes of carbon 
dioxide per hectare per year (equivalent to 34 tonnes of carbon per 
hectare per year) back into the atmosphere. The balance of these 
two values, about 40 tonnes of carbon dioxide per hectare per 
year (equivalent to 11 tonnes of carbon per hectare per year) can 
be considered as carbon being sequestered from the atmosphere 
through NEE (see Chart 5.5). 

Extrapolating from nine months of available data, the soil in 
the measurement site was emitting about 62 tonnes of carbon 
dioxide per hectare per year (equivalent to 17 tonnes of carbon 
per hectare per year) to the atmosphere, or contributing around 
50% from the total ecosystem respiration. We will present further 
analysis and interpretation of these findings in future reports, 
when longer data sets are available.

Year 2011 2012 Total 
2012Month Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

NEE 31 4 3 2 5 4 4 4 2 3 4 2 3 3 3 3 40

GPP 91 14 14 13 16 13 16 15 13 13 13 11 14 15 12 13 164

Reco 61 10 11 11 11 9 12 11 11 10 9 9 11 12 9 10 124

Rsoil 22 6 5 5 4 5 5 6 6 442

Chart 5.5   Average carbon dioxide fluxes (tonnes per hectare per month)

1 from  September 2011
2 from  April 2012
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inoculation technique has enabled us to select candidate mother 
palms for the production of Ganoderma-tolerant palms. These 
candidate Ganoderma-tolerant planting material will be produced 
for further evaluation and validation in the Ganoderma endemic 
fields.

Oil Palm Genome Project 
We have been an active participant in the Oil Palm Genome Project 
(“OPGP”), a worldwide initiative by a consortium of 16 reputable 
research organisations from seven countries. The project uses 
molecular biology as a tool to support conventional breeding. The 
main objective is to map the entire genome spectrum of oil palm 
varieties, including identification of specific traits such as disease 
resistance, drought tolerance, superior quality oil and high yield. 

The first phase of the project started in 2009 and has produced 
terabytes of DNA information. Bioinformatics is used to decipher 
these data to provide useful information for biotechnology and 
plant breeding.  OPGP will be entering its second phase.
 
As an active participant in OPGP, we have formed a dedicated 
team in our biotechnology division, and our staff has been involved 
in related research activities in Spain and France. Our participation 
in the project has helped the Company make advances in the 
biotechnology field, ultimately providing the tools and solutions 
for the implementation of molecular assisted plant breeding.  
Such tools will ensure more rapid and better advancements in the 
sustainability of oil palm, with higher yields complemented with 
improvements in other secondary oil palm traits. A breeding cycle 
of the perennial oil palm takes about 10 years and an average yield 
increase of 10% per cycle has previously been reported. 

bIODIvERSITy ECOSySTEM AND FUNCTION IN TROPICAL 
AGRICULTURE PROJECT  
In 2012, SMARTRI, in collaboration with the University of 
Cambridge, UK, implemented the Biodiversity Ecosystem and 
Function in Tropical Agriculture project (“BEFTA”) in Sumatra.

The BEFTA Project experimentally investigates the role of 
local habitat complexity in supporting biodiversity, ecosystem 
functioning and crop productivity within oil palm plantations. 
The aim of the project is to manipulate the understory and 
epiphyte complexity within the oil palm landscape to assess 
the potential of biodiversity-friendly management to enhance 
biodiversity, ecosystem services and crop production. We intend 
that the project will lead to practical suggestions for improved 
management for biodiversity and sustainable production across 
the industry, from smallholders to large estates. 

The basic experimental set-up consists of three levels of habitat 
complexity: 

1. normal: standard industry practice for control of understory 
and epiphytes;

2. reduced: removal of all understory and epiphytes; and

3. enhanced: allowing regrowth of understory and epiphytes as 
far as possible while still allowing access to palms for harvest.

An insect combination trap being set in one of the BEFTA plots. 

Each replicate will consist of one normal, one reduced and one 
enhanced treatment block, each of which will be a 150m x 150m 
area (2.25 hectares) of oil palm plantation. We have set up six 
replicates within SMART estates in Riau, Sumatra. An important 
feature of the design is that we can obtain detailed baseline data 
on biodiversity and other variables in each block, so that we have 
precise knowledge of the initial conditions in each block to compare 
with any later changes caused by the three different management 
strategies. In addition, we will be able to compare the relevant 
variables in each treatment as the experiment progresses over 
time.  The experiment will continue for at least four years.

In each treatment block we will measure:

• biodiversity of a wide range of taxa, including insects, soil 
organisms, birds, frogs and mammals, as well as flora diversity;

• ecosystem functions such as herbivory of oil-palm foliage, 
litter decomposition, dung removal, and pollination;

• soil characteristics (chemical, physical, biological); and

• yield data of the oil palm trees.

It is intended that the experiment will have maximum flexibility, 
by encouraging other scientists to join the experiment in order to 
monitor particular aspects of biodiversity and ecosystem function.
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Some of the range of dragonfly and damselfly species found within the BEFTA 
plots.

The following have been achieved since the project started in 
October 2012:

1. Establishment of 18 experimental blocks in two estates 
located in Riau, Sumatra;

2. Initial measures of height and diameter of all the focal trees 
within these blocks;

3. Continual collection of yield data at all the plots since January 
2013;

4. Measurement of oil palm leaf herbivory using digital images to 
calculate area damaged;

5. Collection of invertebrates using insect combination traps;

6. Baseline surveys for butterflies and dragonflies in the plots on 
two occasions; and

7. Leaf litter decomposition measured by using litter bags in the 
plots.

The establishment of the experimental blocks and the initial 
collection of baseline data on the biodiversity of a variety of 
organisms, on a range of ecosystem functions, and crucially on 
oil palm yield have been exceptionally successful. We have, for 
example, recorded around 60 species of dragonflies within the 
plots, collected large numbers of specimens in insect traps, and 
found that leaf decomposition in the litter bags occurs at a high 
and variable rate across the sites.

The project has been established effectively and is progressing in 
a very satisfactory way, based on a good collaboration among the 
scientists and staff at SMARTRI, and the research biologists from 
the University of Cambridge, UK.


