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SUMMARY 

Basal stem rot (BSR) caused by Ganoderma boninense is the important disease of oil palm in Indonesia and Malaysia.  

BSR is characterized by a decay of roots and bole, production of aerial symptoms such as multiple spears and 

production of fruit bodies on the base of the trunk. These studies were aimed to evaluate the ability of arbuscular 

mycorrhiza fungi in controlling the BSR.  Two different experiments were carried out. In the first experiment, rubber 

wood blocks of size 3 x 3 x 6  cm were used to grow the G. boninense inoculum for 1 month. The blocks were then 

inoculated to one primary root of 5 months old mycorrhizal and control oil palm seedlings. In the second experiment, 

the soil collected from rhizosphere of Infected palm by G. boninense was  used as media to grow the three months old 

mycorrhizal and control oil palm seedlings.  The first experiment showed that both mycorrhizal and control seedlings 

were infected by G. boninense.  However, in the control seedling, the length of primary root that rot by the pathogen 

was longer than that of mycorrhizal.  In the second experiment, no infection of G. boninense were observed in 

mycorrhizal and control seedlings.   

 

Introduction  
Basal stem rot (BSR) caused by Ganoderma species is 

the most serious disease of oil palm.  Infection by the 

fungi causes significant loss in yield, often resulting in 

the palm’s death as the disease progressed. The BSR 

affects the root and basal stem portion of the palm.  

Infection by the fungus begins in the roots and move into 

the stem causing a dry rot, which eventually lead to the 

death of the palm.  Infection of living palm occurs 

through contact of healthy palm root with the infected 

root mass or bole tissue which serve as the inoculum 

source (Turner, 1981, Paterson, 2007). Generally, the 

first visible symptom of infected field palm is the 

presence of excessive spear leaves, while the foliage 

appears pale green when compare to that of healthy palm.  

Progressive yellowing, desiccation and mottling of the 

lower fronds, followed by necrosis is the characteristic 

feature of the disease of young palms.  In older palms, 

the typical symptoms are skirting of the lower fronds, 

production of multiple unopened spears and overall 

paleness of the canopy (Fee, 2011; Gurmit, 1991). 

Mycorrhizal fungi are ubiquitous and form symbiotic 

relationship with the roots of majority terrestrial plants 

including oil palm (Sieverding, 1991; Smith and Read, 

2008). The mutual symbiosis benefits both the host and 

the fungus.  The largest group, which predominantly 

associated with agricultural crops is the arbuscular 

mycorrhiza fungi (AMF).  Infection by AMF has been 

shown to stimulate the growth of many plant species 

(Smith and Smith, 2011; Zhang et al., 2010), increase 

nutrient uptake especially phosphorus (Rini, 2004; Smith 

et al., 2011), improve the soil structure (through external 

hyphae that extends into the soil) for better aeration and 

water percolation, and improve plant physiological 

processes such as photosynthesis rate and water relation 

(Lu et al., 2007; Rini et al., 2000; Ruiz-Lozano and 

Azcon, 2010). Arbuscular mycorrhiza also has been 

proposed as an alternative for the management of soil 

borne pathogen.  AM fungi has been proven to impair 

the development of soil borne pest and pathogens and 

consequently inhibit or reduce disease severity (Amer 

and Abou-El-Seoud, 2008; Jung et al., 2012; Tsvetkov et 

al., 2014). Therefore, this study was conducted to 

evaluate the ability of arbuscular mycorrhiza fungi in 

controlling the BSR.    

Material and Method 
The first experiment. A single factor experiment 

arranged in a completely randomized design was used 

with ten replications per treatment. The treatment was 

inoculated with (+M) and without (-M) AM fungi. The 

Ganoderma boninense inoculum was prepared on rubber 

wood blocks measuring 3 x 3 x 6 cm by inoculating the 
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block with five 1 cm2 plugs from 7-10 days old G. 

boninense culture grown on malt extract agar with one 

plug on each side of the block (done in the air laminar 

flow).  The blocks were incubated at room temperature 

27 ± 1 oC for ten weeks. A small hole (± 3 cm depth) was 

made on the top of the blocks using an electric drill.  

Five month old mycorrhizal (inoculated with inoculum 

containing mix species of Glomus mosseae, 

Scutellospora callospora, and Acaulospora laevis) and 

nonmycorrhizal seedlings were inoculated with these 

blocks using single root inoculation technique.  One of 

the primary root of the seedling was washed with tap 

water, the root tip was excised and the cut end of the root 

was inserted into the hole of the inoculum block. The 

inoculated seedlings were then put inside a polybag and 

filled up with the soil (mineral soil:sand = 2 : 1) and 

water daily.  Six month after inoculation, the seedlings 

were removed from the polybags.  The inoculated 

primary roots were then carefully separated from the 

bole of the seedlings.  The length of inoculated root that 

rot due to G. boninense and AMF root infection were 

measured. Total phenolic content in the roots was 

analyzed following the method of Anderson and Ingram 

(1993). Data obtained were subjected to t-test analysis. 

The second experiment. The treatment design used was 

a factorial design 4 x 2 with 5 replication arranged in 

completely randomized design.  The first factor was 

application of AMF i.e. without AMF (control, m0), 

inoculation with AMF Glomus sp. (m1), Entrophospora 

sp. (m2) and mixture of Glomus sp. and Entrophospora 

sp. (m3). The second factor was Ganoderma i.e. without 

Ganoderma (planting media was sterile soil) and with 

Ganoderma (planting media was rhizosphere soil 

collected from Ganoderma infected palm + fruiting body 

or sporophore of Ganoderma). The one month old oil 

palm seedlings were inoculated with AMF according to 

treatment and the seedling were kept in green house for 2 

months after which the seedlings were then transferred to 

bigger polybag according to Ganoderma treatments. The 

seedlings were then kept for another 5 months in green 

house.  At the end of experiment, data on fresh and dry 

weight of shoot and root and Ganoderma infection were 

recorded.      

Result and Discussions 
The first experiment. Percentage of AMF colonization 

6 month after Ganoderma inoculation was in range 

42.7—49.0%. Presence of AMF in the root of oil palm 

significantly reduce the length of the inoculated primary 

root that rot due to G. boninense (Table 1). The length of 

primary root that rot in nonmycorrhizal seedlings was 

11.1 cm compared to only 7.4 cm in mycorrhizal 

seedling. Length of primary root that rot as a result 

Ganoderma infection was significantly reduced when 

root was earlier precolonized by AMF.  This indicate 

that the spread of Ganoderma infection within primary 

root of mycorrhizal seedlings was slower compared to 

that of nonmycorrhizal control. In the present study, the 

length of rotten root can be estimated 1.23 cm and 1.68 

cm per month. The spread of Ganoderma infection in the 

present study was faster compared to Arifin and Idris 

(1990) who found only 1 cm/month, especially for 

nonmycorrhizal seedlings (1,68 cm/month).  This faster 

speed could be due to the different size and substrates 

used to grow Ganoderma inoculum.  Idris (1999) 

showed that utilization of different subtrates as source of 

Ganoderma inoculum resulted in different growth rate of 

the Ganoderma mycelia within the primary roots of oil 

palm. 

Total phenolic content in the roots was also significantly 

higher in mycorrhizal seedlings.  The values were 

24.43% and 21.75% in mycorrhizal and nonmycorrhizal 

seedlings respectively (Table 2.)  

 
Table 2. Total phenolic content in mycorrhizal and 
non mycorrhizal root after 6 months of G. boninense 
inoculation 
 
 +Mycorrhiza Non-mycorrhiza 
   
Total phenolic in 
the roots (%) 
P value 

    24.43       21.75 
 
<0.05 

 

Plant phenolic are the most widespread classes of 

secondary metabolites and are known to be involved in 

plant microbe interactions. One of the biological 

functions of phenol is its antimicrobial activity which 

play an important role in the plant defence mechanism 

(Morandi, 1996). Result from this study show that total 

Table 1. Length of primary roots infected by 
G.boninense after 6 months of inoculation 
 
  +Mycorrhiza Non-mycorrhiza 
    
Length 
(cm) 
P value  

      7.4       11.1 
 
<0.05 
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phenolic content in the roots of mycorrhizal seedlings is 

higher that that of nonmycorrhizal ones, suggesting that 

phenolic compounds could be implicated in disease 

resistance, resulting in slower rate of Ganoderma spread 

within the primary root of seedlings. Devi and Reddy 

(2002) reported that AMF significantly increase the 

quantity of phenolics compound in roots and shoots of 

groundnut. In (1998), Rabie believed that a significant 

increase in free and total phenolic contents in 

preinoculation of G. mosseae in faba bean contributed to 

increased resistance of the plant to chocolate spot 

disease.    

 

The second experiment.  

Data obtained from analysis of variance showed that 

there were no interaction between AMF factor with 

Ganoderma factor for all data recorded. Moreover, 

results  showed that seedlings growth were significantly 

enhanced by AMF treatment. All AMF inoculated 

seedlings had better shoot and root fresh weight and dry 

weight compared to control one. However, no differences 

were observed within AMF treatment. All AMF treated 

seedlings whether single (Glomus sp. or Enthrophospora 

sp.) or their combination statistically had the same shoot 

and root fresh weight and dry weight. For Ganoderma 

treatment, no effect were detected in shoot fresh and dry 

weight.  Contrary to shoot, Ganoderma treatment 

increase root fresh and dry weight. Oil palm seedling 

planted in Ganoderma infected soil had higher root fresh 

weight and root dry weight (Table 3 and Table 4). 

 

Table 3. Fresh weight of shoot and root of 8 months old 

oil palm seedling treated with AMF and Ganoderma. 

 

Treatment 
Fresh Weight (g) 

Shoot Root 

Control 43.3 b 09.7 b 

Glomus sp. (G) 66.4 a 13.1 a 

Entrophospora sp. (E) 64.0 a 13.9 a 

G + E 66.7 a 13.5 a 

LSD 5% 9.3 2.8 

Sterile Soil 56.2 a 10.0 b 

Ganoderma Infected 

Soil 

64.0 a 15.0 a 

LSD 5% 6.5 2.0 

 

 

Table 4. Dry weight of shoot and root of 8 months old oil 

palm seedling treated with AMF and Ganoderma. 

 

Treatment 
Dry Weight (g) 

Shoot Root 

Control 13.5 b 3.3 a 

Glomus sp. (G) 19.3 a 4.2 a 

Entrophospora sp. (E) 17.6 a 3.8 a 

G + E 19.0 a 4.0 a 

LSD 5% 3.5 0.9 

Sterile Soil 16.7 a 3.2 b 

Ganoderma Infected 

Soil 

18.1 a 4.4 a 

LSD 5% 2.5 0.6 

 

In this study, AMF gave the beneficial effects on oil palm 

seedling growth as indicated by fresh and dry weight of 

shoot and root. The enhancing in growth could be due to 

the increase in uptake of nutrient especially phosphorus 

as mycorrhiza hyphae that developed in the soil can 

absorb nutrients directly from the soil matrix (Neumann 

and George, 2010; Rini, 2005) and improve in plant 

water relation such as increase in water uptake and 

photosynthesis rate (Ruiz-Lozano and Azcon, 2010; 

Doubkova et al., 2013).  

In this study, AMF treatment gave a better impact on 

plant growth.  However, its significance in reducing or 

control Ganoderma infection cannot be examined.  All 

seedling planted in Ganoderma infected soil mix with its 

fruiting body had no Ganoderma infection in their root 

(Table 5).  

 

Table 5. Root infection by AMF and Ganoderma as a 

result of AMF and Ganoderma treatments 

 

Treatment 
Root infection (%) by 

Ganoderma 

Control 0 

0 

0 

0 

Glomus sp. (G) 

Entrophospora sp. (E) 

G + E 

LSD 5% - 

Sterile Soil 0 

0 Ganoderma Infected 

Soil 

LSD 5% - 

 

- 77 -



Contrary to the first study, Ganoderma inoculum 

prepared in rubber wood block successfully infect both 

mycorrhizal and nonmycorrhizal seedling.  Base on this 

result, it can be suggested that type of inoculum affect 

the success of Ganoderma to infect the root of oil palm 

seedling. Using rubber wood block to grow the 

Ganoderma inoculum confirmed the statement of  

Turner (1981) that Ganoderma pathogen is a facultative 

parasite.  It is capable of living saprophytically on 

rotting stumps and roots.  When a suitable host like oil 

palm root becomes available, the pathogen will colonize 

it and establishes a parasitic relationship. Using infected 

soil mix with the Ganoderma fruiting bodies as 

Ganoderma inoculum failed to cause infection.  This 

result suggest that Ganoderma spores that exist in the 

soil and spores within fruiting body, within the 

constraints of this study, is not capable in infecting oil 

palm seedling root.  

Conclusion 
Base on the results from the study, the following 

conclusions could be made: (1) arbuscular mycorrhiza 

fungi improved the oil palm seedling growth and 

increase the seedling tolerance to Ganoderma infection 

(2) Spores of Ganoderma from the infected soil and 

Ganoderma fruiting bodies were failed to caused disease 

infection, contrary to the inoculum prepared on rubber 

wood block that successfully infect the seedling root.  
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