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On The Possibility of Using FTIR for
Detection of Ganoderma Boninense In
Infected Oil Palm Tree
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Abstract—Ganoderma boninense is a basidiomycetes fungus
that causes basal stem rot disease (BSR) in oil palm trees. In
Malaysia alone, the loss caused by this disease was estimated
between RM 225 Million to RM 1.5 Billion in 2011 by Malaysian
Palm Oil Board. Unfortunately, many planters do not realize that
their fields were infected with BSR until it is too late. Several
methods have been proposed for early detection of Ganoderma
boninense infection. In this paper, Fourier transform infrared
spectroscopy (FTIR) is investigated as a tool to detect the presence
of Ganoderma boninense in oil palm tree. It is shown that there are
differences in the FTIR result from the infected and healthy oil palm
tree that resembles the FTIR characteristics from pure Ganoderma
boninense. The result presented in this paper shows the possibility
of FTIR as a tool for detecting the infection of the fungi in oil palm
tree.

Keywords—Ganoderma boninense, oil palm, Fourier transform
infrared spectroscopy, basal stem rot.

. INTRODUCTION

IL palm (Elaeis guineensis Jacq.) has been known as a

truly “golden crop of Malaysia” since it generated
profitable export earnings for the country and truly nature’s
gifts for alleviating poverty in Malaysia [4]. However, the oil
palm industry is being jeopardized with one major disease
known as Basal Stem Rot (BSR) which is caused by
Ganoderma boninense. This disease cause serious threat to
the oil palm industry in the Southeast Asian countries,
especially Malaysia and Indonesia, as which are of the major
producers and exporters of palm oil in the world. Infection of
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this disease can cause numerous Yield losses and ultimately
result in the destruction of basal tissues hence death of disease
palms. In Malaysia alone, it has been reported that the
economic loss caused by G. boninense is between RM225
million to RM1.5 billion a year [2], [12]. Many methods have
been taken to control this disease, but to date, no method
gives good control of Ganoderma in established plantation.
Some failed due to the late detection of infection. This is
because the disease cannot be detected at the early stage, and
when the disease symptoms do appear more than 50% of
internal tissues are already rotten [14]. Usually young palms
die within 1 or 2 years once the symptoms of the disease
appears, while matured trees can survive for only 3 years or
so [9]. Therefore, early detection and identification of G.
boninense infection is very important in deciding the most
suitable way for controlling and reducing the pathogen’s
severity, thereby minimizing economic losses.

Quite recently, utilization of IR spectroscopy in agriculture
has been increasing and gaining momentum among
researchers [11], [13]. Many studies have shown that it is
possible to use Fourier Transform Infrared spectroscopy
(FTIR) for detection, differentiation and identification of
fungal phyto-pathogen at the level of isolates [10], [13]. In
respect to this matter, this study was conducted to investigate
the possibility of using FTIR spectroscopy technique for
detection of G. boninense infection on infected oil palm tree.

1. MATERIALS AND METHODS

A.Fungi

Pure culture of Ganoderma boninense was obtained from
Genetic Laboratory of School of Science and Technology,
Universiti Malaysia Sabah. The identity of G. boninense has
been identified and confirmed using molecular technique [6].
The pure culture was subcultured on Potato Dextrose Agar
(PDA) media and maintained at 27°C until further use.

B.Samples collection

Healthy and infected tissues samples were collected from
oil palm plantation in Sandakan, Sabah, Malaysia. Collection
of trunk tissues was carried out following the method
described by [7]. Precautions procedures to eliminate the
possibility of contamination from unwanted saprophytes were
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taken into consideration during trunk tissues collection using
ethanol sterilization. Healthy tissues were confirmed free
from Ganoderma based on ergosterol analysis [8] and
Ganoderma Selective Media (GSM) [3]. Meanwhile, infected
tissues were also confirmed with the detection of ergosterol
content from the tissues and growth of Ganoderma fungi on
GSM.

C.FTIR measurements

A Perkin Elmer 2000 Series Fourier transform infrared
(FTIR) spectrometer was used for scanning. All samples (G.
boninense, healthy and infected tissues) were dried and
powdered before the measurement. The spectrum resolution
was set at 4 cm™ and the scanning range was selected from
650 to 4000 cm™. A small amount (~ 100 mg) of each sample
was placed onto the FTIR sample holder and spectra were
collected. Three independent replicate samples of either G.
boninense, healthy and infected trunk tissues were measured.

The main objective in this study was to test and evaluate
the potential of FTIR spectroscopy in detecting infected oil
palm tissues and also differentiating between healthy and
infected oil palm tissues. Figure 1 shows the FTIR absorption
spectra of G. boninense pure culture, healthy and
Ganoderma-infected oil palm tissues. In general, both healthy
and infected oil palm trunk tissues have almost similar
spectral pattern. However, obvious differences van be
observed in certain range which is indicated as region | in
Figure 1. Based on the spectral pattern of healthy tissues,
there is a weak absorption in the region, whereas, a strong
absorption is shown in the infected tissue in the same region.
This is understood because of the G. boninense presence as
the pathogen shows high absorption in this region (refer
Figure 1). Therefore based on the spectral differences of
healthy and infected tissue in region I, it is possible to
distinguish between infected and healthy trunk tissue. This is
in agreement with [5] which stated that infected biomass
should result in a different IR ‘fingerprint’ compared to
uninfected tissues due to the presence of fungi together with
their metabolic products.

In this result, the presence of Ganoderma in the infected
tissue was detected with the similar peak absorbance in region
| between G. boninense and infected oil palm tissues. The
prominent peak in this region seems to be specific to
Ganoderma because they are missing in the healthy sample,
thus, detection of this peak in oil palm tissues will gives early
evidence of the pathogens infection. The C-O-C content
which detected in this region (1300-1000 cm™) could possibly
associated with G. boninense similar to the findings by [1].
This study shows that there are significant spectral
biomarkers observed in the Ganoderma-infected tissues
compared to the healthy tissues which resemble the spectral
behaviour in G. boninense. Therefore, using this biomarker, it
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will be possible to discriminate between healthy and infected
oil palm tree.
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Fig. 1 FTIR spectra of Ganoderma boninense, healthy oil palm trunk
tissues and infected oil palm trunk tissues.

IV. CONCLUSION

This paper presented an investigation on the use of FTIR
spectroscopy as a possible method to detect the infection of G.
boninense in oil palm tree. It was shown that there is an
obvious and strong absorption of infrared radiation in certain
range by the infected oil palm tree tissue which was not
shown by the healthy tissue sample. Cross reference with pure
G. boninense shows a resemblance in its absorption spectra.
Therefore, this may serves as a biomarker to discriminate
between healthy and infected oil palm tree. This finding
shows that FTIR spectroscopy can be a useful tool in
detecting the infection of G. boninense in oil palm tree.
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