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Abstract 

Basal stem rot (BSR) is a serious disease caused by Ganoderma boninense fungus, which 

infects oil palm plantations leading to large economic losses in palm oil production in 

Malaysia. In this study, electrical impedances of oil palm leaves were measured to 

investigate BSR disease in oil palm tree. Leaf samples from different levels of severity 

(healthy, mild, moderate and severe) were collected and measured using a solid test 

fixture (16451B, Keysight Technologies, Japan) connected to an impedance analyzer 

(4294A, Agilent Technologies, Japan) with frequency range from 100 kHz to 30 MHz. The 

classification of the disease levels was analyzed using ANOVA and Duncan’s multiple 

range test (DMRT). Also, the principle component analysis (PCA) was performed to 

illustrate the classification of the severity levels. The results demonstrated that the 

impedance values were highly classified by Ganoderma disease at different levels of 

severity (p < 0.0001). The results showed that electrical property of leaf like impedance 

could be used as a sensing parameter for BSR disease detection.  
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1. INTRODUCTION 

Palm oil production is one of the most 

important economic agricultural activities in 

Malaysia. Oil palm cultivation occupies more 

than four million hectares of land in Malaysia. 

Annually, approximately 18 million tons of 

palm oil are produced (Liaghat et al. 2014). 

Palm oil is considered the world’s most 

broadly consumed vegetable oil with 

approximately 12% and 27% of the world’s 

total productions and exports of oils and fats, 

respectively, is provided through Malaysian 

palm oil industry (Madihah et al., 2014; Bivi 

et al. 2010). However, diseases are considered 

the main threat to sustainable oil palm 

production (Wong et al. 2012). Basal stem rot 

(BSR) caused by Ganoderma boninense 

fungus, is a fatal disease which infects oil 

palm plantations leading to large economic 

losses in palm oil production in different part 

of the world, including Southeast Asia, 

particularly Malaysia and Indonesia 

(Nurnadiah et al. 2014; Markom et al. 2009). 

Thus far, previous studies have reported 

15 species of Ganoderma from various parts 

of the world, and 7 of them were from 

peninsular Malaysia, of which the most 

destructive is Ganoderma boninense (Ho & 

Nawawi, 1985; Khairudin, 1990; Flood et al., 

2000). 

To better understand Ganoderma disease 

and its effects on plants, Paterson et al. (2013) 

stated that Ganoderma degrades lignin into 

carbon dioxide (CO2) and water. Lignin is 

deposited in the secondarily thickened cell 

walls of plants and makes the cell walls 

impermeable to water, which also helps to 

inhibits microbial attack. In addition, lignin 

strengthens the xylem tissues of plants 

(Paterson, 2007). As the fungal activities 

continue, due to the degradation of lignin, the 

vascular circulation of plant is affected, 

thereby restricting the nutrient and water 

consumption, consequently reducing the oil 

palm production. Meanwhile, this disease can 

significantly decrease the leaf stomatal 

conductance, intercellular CO2 concentration 

and chlorophyll content that affect 

photosynthesis (Haniff et al., 2005). 

Eventually, it will damage the basal tissues in 

plants  (Meor et al., 2009). 
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In addition to root contact, BSR can also 

spread by airborne basidiospores (Ho & Tan, 

2014). Once infected, oil palm trees developed 

typical symptoms such as yellowing leaves, 

unopened fronds (spears), small canopy, and 

an existence of Ganoderma fruiting bodies 

(fig. 1). Progression of the disease leads to tree 

decline, dieback of fronds, and finally, tree 

death. The time period between the BSR-

infection and the appearance of symptoms, as 

well as the time period between BSR-infection 

and tree death, depends largely on age and 

physiological status of the tree. The time 

period between the BSR-infection and 

symptom appearance can range between 12-24 

months (Shu’ud et al., 2007; Markom et al. 

2009). 

Several researchers and other 

stakeholders have carried out series of 

investigation on how to control and eliminate 

the BSR disease for sustainable palm oil 

production. Different approaches have been 

utilized in this regard, like fungicide treatment, 

removal of infected palms, soil mounding, and 

biological control (George et al., 1996; Idris, 

Ariffin, & Idris, 2002; Zaiton et al., 2006). 

Nevertheless, these approaches are very costly, 

undesirable to the environment, and do not 

fully control, but can only delay the spread of 

the disease. In the case of fungicides, the most 

available are not fully functional and provide 

adequate defence to the spread of BSR-

infection (Ho & Tan, 2014). In addition, in 

advanced infections, none of these approaches 

are entirely satisfactory in reducing the disease 

 effects on the yield. Apart from this, the 

common method used in oil palm plantation to 

detecte BSR disease is visual inspection and 

collecting samples from trunk and sending 

them to the laboratory for polymerase chain 

reaction (PCR) analysis to confirm the 

presence of fungus (Lim & Fong, 2005). 

However, such diagnostics process requires 

enormous amount of human labour, time, and 

in most cases very expensive in early detection 

stages. Therefore, there is a demand for fast, 

effective, selective, and sensitive method for 

the quick detection of BSR disease.  

 Recently, researchers have shown an 

increased interest in the use of advanced 

techniques to detect BSR disease in oil palm 

trees. These includes terrestrial laser scanning, 

image processing, electronic nose, gas 

chromatography-mass (GC-M), sonic 

tomography, microfocus x-ray fluorescence 

(uXRF), and GanoSken technology 

(Khairunniza-Bejo and Vong 2014; Kulkarni 

and Ashwin 2012; Markom et al. 2009; Akmar 

& Pauzi, 2011; Ishaq et al. 2014; Meor et al., 

2009; Nurnadiah et al. 2014). These advanced 

techniques have limitations that include long 

setup process, high-cost, and very sensitive to 

the changes of the environmental condition.  

 Spectroscopy techniques have 

advantages in detecting plant diseases over 

other advance techniques such as attributed to 

simplicity, rapidity and affordability (Wu et al. 

2008; Abu-khalaf 2015). Liaghat et al. (2014) 

investigated mid-infrared spectroscopy for 

early detection of BSR disease in oil palm.  

Figure. 1. Ganoderma specific symptom on oil palm tree in Sebrang Perak, Perak, Malaysia:  fungus 

fruiting bodies on the infected trunk. 
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The authors used Fourier transform infrared 

(FT-IR) spectroscopic technique in order to 

establish a statistical model for the 

discrimination at different levels of disease 

severity. In their study, the leaf samples were 

collected from trees which were labeled into 

four classes namely: healthy, mild, moderate 

and severely infected, based on visual 

symptoms as well as PCR analysis. They 

found that, the overall accuracy was higher 

than 80%. Other spectroscopy techniques are 

yet to be explored in detecting plant diseases, 

in particular BSR disease.    

 In this paper, electrical impedance 

spectroscopy was applied to identify 

differences between levels of severity (healthy, 

mild, moderate and severe) of oil palm leaves 

and measured to investigate BSR disease in oil 

palm tree. The early detection of oil palm trees 

before the onset of disease symptoms could be 

valuable source of information for executing 

proper management strategy and disease 

control measure to prevent the development 

and the spread of BSR disease.  

2. MATERIALS AND METHODS 

2.1 Samples and Study Area 

Samples were collected from Federal 

Land Consolidation and Rehabilitation 

Authority (FELCRA) oil palm plantations 

located in Sebrang Perak, Perak, Malaysia, 

(Latitude 4° 06ʹ 44.89ʹʹ N, Longitude 100° 53ʹ 

21.64ʹʹ E) at an average altitude of 19.36 m 

above sea level for the palm oil trees. The oil 

palm trees were grouped into four different 

levels of severity as illustrates in Table 1. 

Leaves were collected from healthy, mild, 

moderated, and severe oil palm trees. The 

BSR-infected leaves were collected from trees 

at different severity level of BSR infection 

identified by well-trained scouting team 

members from Malaysia Palm Oil Board 

(MPOB). Selected trees were from 15-year old 

mature oil palm trees. Six to nine leaflets from 

5 healthy, 5 mild, 5 moderated, and 5 severe 

infected oil palm trees were collected for data 

analysis. Samples were collected randomly 

from frond number 17, which is the youngest 

fully developed leaf usually used for 

evaluating the amount of nutrients in oil palm 

production (Tailliez and Koffi, 1992), of each 

tree, which was cut by long pruner. 

Immediately after removal, leaf samples of 

each palm were wrapped with separate plastic 

bags and were stored in a portable cooler 

containing ice for laboratory analysis.  

Table 1. Disease severity scoring based on 

different severity levels of BSR infection. 

Severity 

Score  

Severity 

Levels  
Grouping  

G0 Healthy No BSR infection 

G1 Mild 
Slightly infected by 

BSR 

G2 Moderate 
Moderately infected 

by BSR 

G3 Severe 
Severely infected by 

BSR 

2.2 Electrical Spectroscopy Measurement   

Electrical impedance spectroscopy was 

measured using precision solid dielectric test 

fixture (16451B, Keysight Technologies, 

Japan) connected to impedance analyzer 

(4294A, Agilent Technologies, Japan) and 

computer for control and data logging as 

depicted in figure 2. Before starting the 

measurement, calibration of solid dielectric 

test fixture was performed with open, short, 

and load for error correction functions to 

reduce residual impedance and stray 

admittance in the 16451B following the 

standard procedure according to the 

instrument operation manual (Agilent, 2008). 

The measurements were carried out at 

frequency range from 100 kHz to 30 MHz. 

The electrode used in 16451B has guarded 

diameter of 5 mm, whereby the leaf samples 

were cut to be fitted within the dimension of 

the fixture larger than the guarded electrode, 

but less than the electrode in diameter. This is 

to protect the electrode from damage and 

produce reliable measurements. After each 

measurement, the sample was removed out 

from the test fixture, and then the fixture was  

cleaned with soft tissues. The measured data 

were recorded and saved for further analysis.  
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Figure 2. Experimental setup for measuring the impedance value of oil palm leaves sample. 

 

2.3 Statistical Analysis 

Statistical analysis was conducted using the 

Statistical Analysis System (SAS version 9.2) 

software (SAS Institute, Inc., Cary, N.C.). 

Analysis of variance (ANOVA) was run to 

determine if the different of severity classes 

had significant effects on the impedance 

values. Duncan’s multiple range test (DMRT) 

was performed on each level of severity for 

mean comparisons. Also, MATLAB version 

7.10.0 (The Mathworks, Inc., Natick, Mass.) 

was used to run the principle component 

analysis (PCA) to establish a statistical model 

for the discrimination at different levels of 

disease severity. 

 

3. RESULTS AND DISCUSSIONS 

3.1 Statistical Analysis of Data using 

ANOVA  

The electrical analysis of oil palm leaves 

for healthy and BSR-infected were measured. 

Whereby, impedance spectroscopy of the 

leaves was measured at frequency range from 

100 kHz to 30 MHz with 300 frequency points. 

The normalized impedance measurements for 

the four levels of severity (healthy, mild, 

moderate, and severe) were tested using 

ANOVA. The results illustrated that the four 

different classes of healthiness significantly 

affects the means impedance values with p 

<0.0001 as shows in table 2. Further, DMRT 

was performed to compare the means of 

impedance values. The results showed a 

significant difference between the mean 

measured impedance values of healthy leaves 

as well as BSR-infected leaves, with the 

healthy samples having the highest mean 

measured impedance, while the severe showed 

the lowest mean value as shown in table 3. 

 

 
 

 

 

 

 

 

Duncan 

Grouping 
Mean N Class 

 

A 15.9020 300 G0  

B 13.7429 300 G1  

C 12.7200 300 G2  

D 12.5202 300 G3  

Source DF SS MS F-Value Pr > F 

Severity levels 3 2160.2841 720.095 547.46 < .0001 

Error 1196 1573.2323 1.3154   

Total 1199 3733.5164    

Table 2. ANOVA of impedance values of oil palm leaves collected from BSR-infected trees at 

four different severity level. 

 

DF: Degree of freedom, SS; Sum of squire, MS: Mean of squire.  

Table 3. Duncan’s multiple range test 

(DMRT) for the mean normalized impedance 

values of oil palm leaves collected from 

BSR-infected trees at four different severity 

levels. 
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3.2 Impedance Distribution of Leaf Samples 

 The mean normalized impedance 

measured from healthy and BSR-infected 

leaves (mild, moderate, and severe) against 

frequency was plotted as shown in Figure 3. 

The normalized impedance measurement 

changes between 11 to 21.5 Ω, while 

frequency was selected from 100 kHz to 30 

MHz. Overall, the normalized impedance 

values were found to decreased with increase 

in frequency levels. This change was observed 

on all the 4 severity levels of oil palm leaves. 

In addition, as it can be seen from the graph, 

the first half (100 kHz to 12.6 MHz) shows 

fluctuation except the health leaves trend, 

while the second half (12.7 to 30 MHz) shows 

clear and almost smooth trends. A possible 

explanation for this might be attributed to the 

high noise to signal ratio generated from the 

machine, electrode and the cable. It also shows 

that, the healthy leaf samples have the highest 

values as compared to other BSR-infected 

samples. On the other side, the severe samples 

showed the lowest impedance values.   

  

 

 

 

 

When BSR disease attacks the trees, it 

create enzyme which ruin the tissue, therefore, 

prevents water and nutrient content to spread 

to the top parts of the tree including leaves 

which effect the cell components like proteins, 

pigments, and organelles (Idris et al., 2006). 

This resulted in loss of water content in the 

leaves, therefore, the electrical properties 

(impedance) changes from healthy leaves to 

infected leaves based on the level of severity. 

According to Yu et al. (2004) the change of 

the electrical properties of the plant tissues is 

mainly influence by the internal structure 

composition and distribution of cell and 

extracellular fluid, dry mater, and the moisture 

content in the leaves. Both extracellular and 

intracellular fluids comprised of electrolytes, 

water, salts, free ions, and other components; 

thus, their electrical behavior is generally 

resistive.  Ayala-Silva & Beyl. (2005) reported 

that leaf structure is a function of water 

content and biochemical concentration. 

Similarly, Xu et al. (2007) highlighted that the 

infected plant leaves has less water as 

compared to the healthy leaves. 

3.3 Principle Component Analysis  

The PCA classification result is shown in 

figure 4. The first principle component 

successfully explained 100% of the data 

variation. This score plot shows a clear 

separation between the various disease 

severity levels (healthy, mild, moderate, and 

severe). Thus, impedance can adequately 

distinguished samples of different disease 

severity levels. 

 

 
Figure 4. PCA classification of the 4 different 

severity levels (G0: healthy, G1: mild, G2: 

moderate, and G3: severe) of oil palm leaves. 

 

To summarize the results, the leaf 

samples collected from healthy trees showed 

the highest impedance values over all 

frequency ranges while the leaf samples 

collected from severe BSR-infected trees 

showed the lowest impedance values. The 

features of the impedance over frequency 

indicate that the four level of severity showed 

clear separation in the region (12.7 MHz to 30 

MHz). Also, PCA classification successfully 

classified 100% of the data variation. 
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Figure 3. Impedance measurements of oil 

palm leaves collected from BSR-infected 

trees at four different severity level across 

frequency. 
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CONCLUSSIONS 

This study investigates the applicability 

of electrical properties for the detection of 

BSR disease in oil palm leaves based on 

impedance spectra. Generally, there were 

significant differences in the mean measured 

impedance values of oil palm leaves collected 

from BSR-infected trees at four different 

severity level from heathy, mild, moderate, 

and severe (p <0.0001). Further classification 

analysis showed that PCA successfully 

classified the four different disease severity 

levels with clear discrimination explained by 

the first principle component (PC1-100%).  

These findings are very encouraging and 

valuable as they proved the feasibility of using 

electrical impedance spectroscopy to 

differentiate the levels of disease severity in 

oil palm trees. This could be useful for better 

plant disease detection and monitoring.  
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