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Chart 5.1 Structure of SMARTRI

The mission of SMART Research Institute (“SMARTRI”) is 
to support GAR’s sustainable palm oil development through 
innovating and developing best practices and improving oil palm 
breeding programme. In 2013, the Company spent Rp87.46 billion  
(US$8.41 million) on research and development, approximately 
6.6% more than the previous year.

SMARTRI conducts applied and scienti!c research in the following 
main areas:

management, soil fertility, eco-physiology studies, and the 
development of sustainable cultivation practices;

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;

Management (“IPM”) approach, covering the control of pests, 
entomology, phytopathology and weeds; and

to assess the environmental impact of our !eld practices, and 
subsequently to develop and test more sustainable agricultural 
practices for palm oil production.

A signi!cant 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 ef!cient in nutrient uptake 
and utilisation, as well as research into carbon accounting and 
biodiversity assessment within our plantations.

SMARTRI has been ISO 9001:2008 certi!ed for its quality 
management system in 2003 and accredited with ISO 17025 for 
its analytical laboratory in 2005. Our research activities are managed 
by seven departments, as illustrated in Chart 5.1.
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EQUIPPING AND TRAINING 
As at end-2013, we had 79 graduate researchers posted in the 
main research station of Libo in Riau, Sumatra, as well as in our 
research substations in all the provinces where GAR operates. 
GAR is committed to training these researchers, providing them 
with both in-house training, and external training conducted by 
foreign institutions. Our researchers generally possess a bachelor’s 
degree in agriculture, whilst some have obtained a master’s degree 
or PhD in Agronomy.

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 !eld activities, there is a close correlation 
between best practices, such as in fertiliser management, and 
the environmental outcomes.

Water quality management
Water quality is an important parameter to monitor and measure 
as it is an indicator of the impact of agriculture on the environment. 
Ground and surface water quality can be affected by chemical 
products such as fertilisers and pesticides that are applied in the 
!eld, as well as by sediments from the erosion of surface soil. 

As published in our previous sustainability reports, we have been 
conducting studies to assess the impact of our agronomic practices 
on water quality. In 2011, we reported on the quality of ground 
water in relation to fertiliser management. In the subsequent year, 
we presented our !ndings on the quality of surface water at the 
!eld and landscape levels, and on the level of soil erosion in relation 
to vegetation cover management.

This year, building on the results we presented in 2012, we report 
on the levels of nitrogen and phosphorus lost in surface water, 
either through erosion (nutrients attached to the soil particles are 

lost during erosion) or through water run-off (nutrients dissolved 
in water).

Monitoring the levels of these two elements is important as 
high levels of these elements can cause the eutrophication of 
surface water. Eutrophication refers to the accumulation of a 
high concentration of nutrients in a water body, often promoting 
excessive growth and decay of plants and algae, resulting in a 
severe reduction in water quality.

Chart 5.3 shows the percentage of nutrient losses from total input, 
i.e. nutrients from fertilisers and nutrients from rain water. Charts 
5.4 and 5.5 show the total quantity of nitrogen and phosphorus 
losses in surface water.

Chart 5.2 Training received by our researchers in 2013

Indonesia Abroad

Short and mid-term training (<30 days)

Number of staff  34  3

Number of days  98  50

 2.9  16.7

Conferences, workshops and seminars

Number of staff  17  9

Number of days  63  23

 3.7  2.6

Long-term training (>30 days)

Number of staff  –  1

Number of days  –  365

 –  365

Chart 5.3 Percentage of nutrient losses from total input 
over three land slope levels and two types of 
soil cover

Slope Vegetation  
soil cover

Total loss of nutrients (% of input)1

Nitrogen
(N)

Phosphorous 
(P2O5)

Potassium 
(K2O)

  5% Bare soil   10.5   7.8   3.0

Standard soil 
ground cover

  3.6   3.1   2.7

15% Bare soil   16.3   12.5   3.5

Standard soil 
ground cover

  4.5   4.0   3.1

25% Bare soil   17.6   14.8   4.4

Standard soil 
ground cover

  4.2   3.1   2.1

Note:
1 Total nutrient input (fertiliser and rain) recorded in 2012

Chart 5.4 Total nitrogen losses in surface water at a 
!eld level within our plantations
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The results show that with good management of the vegetation soil 
cover which includes selective spatial, timing and species weed 
control, the losses of nutrients in surface water can be relatively low. 
In comparison, the losses of nutrients are two to !ve times higher 
with heavy utilisation of herbicides, which also results in bare soils.

Carbon accounting
Agricultural activities including oil palm cultivation can result in the 
modi!cation of the carbon balance, through emission of carbon 
dioxide and other greenhouse gases, and !xation of carbon in the 
vegetation and fruit biomass as well as in soil as organic matter.

In order to assess these changes, SMARTRI has been conducting 
direct measurement of carbon "ux using a micrometeorological 
method known as eddy covariance. In September 2011, we 
installed an open path eddy covariance system and various sensors 
on top of a 25-metre high tower, above the oil palm canopy. These 
instruments continuously measure carbon dioxide "uxes based on 
atmosphere concentration variations, wind direction and intensity, 
and other parameters.

The carbon dioxide absorption and emission in ecosystems, known 
as net ecosystem carbon dioxide exchange (“NEE”), are calculated 
based on the above parameters. From the NEE, a "ux 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 "ux in September 2011 and soil 
carbon dioxide emission in April 2012. This has allowed SMARTRI 
researchers to identify and analyse the sources of carbon dioxide 
emission and sequestration.

From September 2011 to December 2013, the oil palm agrosystem 
in the tower area recorded an average carbon dioxide absorption 
or GPP of 175 tonnes of carbon dioxide per hectare per year, and 
emitted an average of 137 tonnes of carbon dioxide per hectare 
per year through respiration or Reco. Little variability between the 
GPP and Reco rates was observed over the successive years. 
The balance between the absorption and emission rate or NEE 
reached an average rate of around 39 tonnes of carbon dioxide per 
hectare per year from 2011 to 2013. Soil respiration contributed 
to approximately 47% or around 65 tonnes of carbon dioxide 
per hectare per year of the total ecosystem respiration as seen 
in Chart 5.6.

In 2012, a second tower was set up to take similar measurements 
in another location. A comparison of the measurements taken 
from the two towers showed signi!cant differences in the rate of 
carbon dioxide emission and sequestration. The vicinity where the 
second tower was located showed a 20% lower rate of carbon 
sequestration compared to the area where the !rst tower was 
located. Our preliminary analysis suggests that the characteristics 
of the planting material, speci!cally its stages of development and 
yield performance can explain a signi!cant portion of our !ndings. 
We are conducting a detailed investigation in order to determine, 
quantify and explain the different factors that led to the signi!cant 
differences observed.

RESEARCH AND DEVELOPMENT

Chart 5.6 Summary of annual atmospheric carbon dioxide "ux and soil respiration rates (2011–2013)

Chart 5.5 Total phosphorus losses in surface water at a 
!eld level within our plantations
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These results, should they be con!rmed by data recorded over 
a longer period, will be an important input for the calculation of 
greenhouse gas balances, which seem to be speci!c to each 
plantation’s condition, cultivation practices and planting material.

PROMOTING PRODUCTIVITY IN THE INDUSTRY
In the palm oil industry, planting material is recognised as the most 
critical factor in maximising yield potential. International Cooperation 
Centre in Agronomic Research for Development (“CIRAD”), a French 
research organisation specialising in tropical crops, estimated that 
the industry’s palm oil breeding programme has resulted in a yield 
potential increase of 10% per decade between 1960 and 2000.

GAR has been using the high-yielding Dami Mas seeds in new 
plantings and replantings since 2002, which will help boost 
production growth. As at end-2013, 38% of our total cultivated 
area used Dami Mas seed.

The high-yielding Dami Mas seeds were developed through 
stringent and robust breeding experiments conducted by SMARTRI. 
Producing our own Dami Mas seeds also provides seed security 
and genetic purity in our seed supply.

Besides yield potential, GAR recognises the importance of improving 
disease resistance, drought tolerance and nutrient ef!ciency to 
enhance the sustainability of the palm oil industry.

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 in the following sections. 

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 !elds and 
have started to bear fruit bunches. Our research scientists are 
monitoring and studying the genetic variations in these populations 
and are con!dent that some novel traits of oil quality, growth habits 
(such as slow vertical growth), disease and drought tolerance will be 
discovered and later used in our oil palm improvement programme. 

The main objectives of our breeding programme are to develop 
oil palms that are hardier and 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 Southeast Asia. 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 arti!cial 
inoculation technique has enabled us to select candidate mother 
palms for the production of Ganoderma-tolerant palms.

In August 2013, GAR produced candidate Ganoderma-tolerant 
seeds following more than seven years of intensive research 
involving extensive screening of germplasm through the arti!cial 
inoculation technique followed by validations in the !eld. Stringent 
selection criteria were employed to identify progenies of a high and 
consistent index of tolerance. These seeds will be used in areas 
showing endemic symptoms of Ganoderma infection. Long-term 
observations for !eld validation are being carried out.

Tissue culture
GAR’s tissue culture programme which was initiated in 2007 has 
been encouraging, yielding our !rst semi-commercial planting of oil 
palm clones in 2011. These clonal palms have now begun bearing 
fruit bunches. Out of 3,046 ramets (seedlings) from 26 clones 
planted in a series of three trials in 2011, only three cases of slight 
mantled fruit abnormality have been encountered. The abnormality 
syndrome has been the bane of oil palm tissue culturists in the past. 

Chart 5.7 Comparison of carbon dioxide "uxes between areas using different planting material, stages of development 
and yield performance in 2013

Parameters Tower 1 Tower 2

Planting material Deli Avros Deli La Me

Years 20 26

Tonnes of carbon dioxide  
per hectare per year

41 33

180 171

eco) 139 138

Canopy height Metres 17.2 16.7

Trunk height 10.7 10.2

Trunk canopy Centimetres 55.3 49.9

Total biomass Tonnes per hectare 102 95

Average of last 5 years yield 27 22

Leaf Area Index 3.7 3.0
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By end-2013, around 1,200 hectares of our estates have been 
planted with clones in various locations in order to test their 
performance in semi-commercial conditions, in areas such as 
abnormality, productivity and adaptability to the environment.

In November 2013, the Company of!cially launched a new 
laboratory near Jakarta, dedicated to tissue culture and research 
in biotechnology.

Biotechnology 
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 identi!cation of speci!c traits such as disease 
resistance, drought tolerance, superior quality oil and high yield. 

The !rst 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 in 2014.

As an active participant in OPGP, we have formed a dedicated team 
in our biotechnology division, and our staff have been involved in 
related research activities in Spain and France. Our participation 
in the project has helped the Company make advances in the 
biotechnology !eld, ultimately providing the tools and solutions 
for the implementation of molecular assisted selection. 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. 
The new biotechnological tools will ensure more rapid and better 
advancements in the sustainability of the oil palm, with higher yields 
complemented by improvements in other secondary oil palm traits.

BIODIVERSITY AND ECOSYSTEM FUNCTION IN TROPICAL 
AGRICULTURE PROJECT
In 2012, SMARTRI, in collaboration with the University of Cambridge, 
UK, implemented the Biodiversity and Ecosystem Function in 
Tropical Agriculture (“BEFTA”) project 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, in order to assess the potential 
of biodiversity-friendly management to enhance biodiversity, 
ecosystem services and crop production. The project also aims 
to develop and assess the potential of key taxonomic groups for 
biodiversity monitoring protocols. We intend that the project will 
lead to practical suggestions for improving the management of 
biodiversity and sustainable production across the industry, from 
smallholders to large estates.

In 2012, we replicated six experimental set-ups within our estates 
in Riau, Sumatra. The basic experimental set-up is based on plots 
of 150m x 150m (2.25 hectares) and consists of three levels of 
habitat complexity:

1.  normal complexity: represents standard industry practice 
and includes an intermediate level of herbicide spraying of 
understory plants;

2.  reduced complexity: represents highly destructive management 
and includes the spraying of all understory vegetation with 
herbicides; and

3.  enhanced complexity: represents reduced-input management 
treatment and includes no herbicide input and only limited 
understory cutting. Understory growth will be maximised as far 
as possible, while still allowing access to the palms for harvest.

The experiment will continue for at least four years to analyse:

organisms, birds, frogs and mammals, as well as "ora diversity;

decomposition, dung removal, and pollination;

Although only in its second year, the project has already established 
experimental study plots, collected baseline data on habitat 
structure and complexity, carried out comprehensive surveys on 
a wide range of taxonomic groups, measured a range of ecosystem 
functions, and recorded levels of palm oil productivity in the plots 
since January 2013.

The !rst year of the experiment focused on collecting baseline 
data from the plots before the experimental treatments were 
implemented. This stage of the work has been completed and the 
plots are currently in the experimental stage. We began spraying 
herbicides in the “reduced complexity” plots in February 2014.

The following were achieved in 2013 to early 2014:

1.  Collection of key environmental parameters within the BEFTA 
plots, including topographic data, soil characteristics and the 
establishment of over 50 temperature data loggers;

2.  Development and implementation of survey protocols for a 
wide range of taxonomic groups including understory plants, 
epiphytes, insects such as dragon"ies and butter"ies, aquatic 
invertebrates, frogs, birds, small mammals, and carnivores;

3.  Development and implementation of survey protocols for a 
range of ecosystem functions and services including leaf litter 
decomposition, herbivory, predation, soil activity, and palm yield;
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4.  Development of key collaborations with taxonomic experts for 
dung beetles, frogs and dragon"ies; and

5. Experimental manipulation of the plots.

The information collected has provided a comprehensive picture 
of the ecosystem links between biodiversity and the functions in 
a complex tropical crop as seen in Chart 5.8 below.

Chart 5.8 Ecosystem links between biodiversity and functions in oil palm plantation
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Results from the year’s work showed that oil palm plantations are 
far from simple. They are complex ecosystems in their own right, 
housing a diverse assemblage of species. For example, over 40 
species of dragon"ies have been recorded in the BEFTA plots. 
There are also clear effects of habitat variability on the diversity 
of species. For example, distinct communities of dragon"ies 
have been recorded in the plantation and the road edge habitats 
(Chart 5.9). A multivariate statistical analysis technique, Detrended 
Correspondence Analysis (“DCA”) was used to quantify differences 
in the community structures of dragon"ies in both the plantation 
interior and edges. Sites with similar DCA scores have similar 
communities, therefore the closer the points are to one another 
in the chart, the more similar the communities. The results show 
a clear change in community composition between interior and 
edge areas. These species play an important role in ecosystem 

functions within the plantation, such as leaf litter decomposition, 
as seen in Chart 5.10.

Chart 5.10 shows the results of a litter decomposition experiment. 
A set weight of dried palm leaves was placed in litter bags of 
different mesh and hole sizes of less than 0.1mm, 2mm and 1cm 
to allow access to or exclude invertebrates. Bags with 1cm holes 
that allowed access to invertebrates showed higher levels of litter 
decomposition, demonstrating the role that invertebrates play in 
this important process in plantations.

The data collection and development of the BEFTA project have 
been successful over the last year as shown by the volume of 
information gathered. This will allow a detailed picture of a complex 
tropical ecosystem to be developed in the future.

Chart 5.9 Results of a community analysis - differing 
communities of dragon"ies in the interior 
areas of plantation and plantation edges

 Plantation edge  Plantation interior

Chart 5.10 Results of a litter decomposition experiment
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