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Abstract: Host specificity of ectomycorrhizal fungi to common dipterocarps in Bangladesh were studied in the research field of the 

Department of Agroforestry, Bangladesh Agricultural University, Mymensingh during July 2008 to May 2010. The common 

dipterocarps of Bangladesh are Dipterocarpus turbinatus (Garjan), Hopea odorata (Telsur), Shorea robusta (Sal) etc. are 

ectomycorrhizal. Etomycorriza (ECM), the major mycorrhizal types form symbiotic association between fungi and feeder roots of higher 

plants. Seedlings of sal, garjan and telsur were established in the Agroforestry research field during July-August, 2008. Sporocarps of 

Laccaria, Inocybe, Suillus, Russula and Scleroderma were collected from sal forest of Bangladesh and its spores were germinated in the 

agarose media. Germinated spores (with agarose media) of Laccaria, Russula, Inocybe, Suillus and Scleroderma were inoculated to the 

previously established seedlings of sal, garjan and telsur. After inoculation root samples of all dipterocarps were examined under 

dissecting microscope and ECM fungi colonized root tips were characterized based on their specific color, texture and emanating 

hyphae. It was observed that all the selected ECM fungi were successfully established in case of Sal roots. Laccaria sp, Russula sp and 

Inocybe sp. were found to be colonized in both Garjan and Telsur roots; while Russula sp. and Scleroderma sp. did not colonize in 

Garjan and Telsur seedlings roots indicating that these ECM fungal species are not suitable in association with these dipterocarps. 

Vegetative growth of all dipterocarps seedlings that colonized successfully ECM fungi results significantly higher growth than ECM 

fungi non-inoculated and un-colonized seedlings of all tree species (Sal, Garjan and Telsur).   
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Introduction 

Dipterocarpaceae is the most important tree family 

ecologically and economically in South-East Asia. In 

Bangladesh, dipterocarps are scattered in the tropical wet 

evergreen, tropical semi-evergreen and tropical moist 

deciduous forests of Chittagong, Chittagong Hill Tracts, 

Cox’s Bazar, Sylhet, Mymensingh and Gazipur districts. 

The common dipterocarps of Bangladesh are 

Dipterocarpus turbinatus (Garjan), Hopea odorata 

(Telsur), Shorea robusta (Sal) etc. The Shorea robusta is 

the predominant species of tropical moist deciduous 

forests of Bangladesh commonly known as Sal forest. 

These dipterocarps are basically timber tree and produce 

good quality timber used for making furniture, poles, 

pillars, paneling, beams, planking, piling, and other 

important construction purposes.  

All members of the dipterocarps are ectomycorrhizal. 

Ectomycorrhiza (ECM), one of major mycorrhizal types, 

is the symbiotic association between fungi and feeder 

roots of higher plants. Host plants that are colonized by 

ECM fungi include many tree species belonging to 

Pinaceae, Betulaceae, Fagaceae, Salicaceae, Myrtaceae, 

and Dipterocarpaceae, including major components in 

most temperate and many tropical forests (Smith and 

Read, 1997). Since almost all fine roots of these host 

species were colonized by ECM fungi, ECM tips and 

mycelia are ubiquitous in forest soil.    

In ECM symbioses, fungal partners provide significant 

amount of nutrients to host plants, e.g. up to 90% 

phosphorous and nitrogen in host plants are supposed to be 

derived from ECM fungal partner. Without the nutrient 

support from fungal partners, it is difficult for host plants 

to grow and survive under natural soil conditions. In 

return, host plants provide fungal partners with 

photosynthetically fixed carbohydrates. This carbohydrate 

supply enables ECM fungi to have advantages over other 

microorganisms to scavenge soil nutrient pools. With such 

carbohydrate supply from host plants, ECM fungi can 

spread mycelia, produce sporocarps, and accomplish their 

life cycles. Therefore, both partners in ECM symbiosis 

obligately depend on each other to grow and survive in 

natural environments. Because of the physiological 

importance of ECM symbioses and their dominance in 

forest ecosystems, ECM fungi play important roles in 

various ecological processes in developed forests 

(Hogberg and Hogberg, 2002). Indeed, ECM root tips and 

ECM mycelia account for more than 50% soil respiration 

and a substantial part in carbon and nutrient cycling in 

forest ecosystems (Vogt et al. 1982). 

The forests of Bangladesh are nutrient poor in nature 

because of severe denudation where ectomycorrhizal 

association seems to be indispensable for growth and 

survival of dipterocarps seedlings. ECM communities are 

tremendously diverse and host specific (Molina et al. 

1992). In Bangladesh, more than 20 ECM species of 

Laccaria, Russula, Amanita, Scleroderma, Suillus, 

Lactarius genus colonize with different dipterocarps 

(Islam et al. 2007), but their specificity to different 

dipterocarps species so far are not identified. So, it is 

necessary to identify the ECM species which are specific 

to different dipterocarps. 

 

Materials and Methods 

Host specificity of ectomycorrhizal fungi to common 

dipterocarps in Bangladesh were studied at the research 

field, Department of Agroforestry, Bangladesh 

Agricultural University, Mymensingh during July 2008 to 

May 2010. The experimental site is geographically located 

at about 24º75´ North latitude and 90º50´ East longitudes 

(Khan, 1997). Seedlings of three common dipterocarps of 

Bangladesh viz. Dipterocarpus turbinatus (Garjan), Hopea 

odorata (Telsur) and Shorea robusta (Sal)) were collected 

from different forest nurseries and established in the 

experimental field. Sporocarps of ECM fungi viz. 

Laccaria, Inocybe, Suillus, Russula and Scleroderma were 

collected from different sal forest (Madhupur and Bhawal 

Range) of Bangladesh. Spores of these ECM fungi 

collected from sporocarps were germinated in the agarose 

media. Germinated spores (with agarose media) of all 

ECM fungi were inoculated to the pre-established 

seedlings of sal, garjan and telsur following the 

Randomized Complete Block Design (RCBD) with three 



 

 2 

replications. All dipterocarps seedlings were also grown 

without inoculation as control. After successful 

inoculation, sporocarps development along with these 

dipterocarps saplings was observed during May (2009 & 

2010). After sporocarps observation root samples of all 

dipterocarps were collected during the period of 10-15 

August of 2009. These collected root samples were 

carefully washed and examined under the dissecting 

microscope. ECM fungi root tips were characterized based 

on their specific color, texture and emanating hyphae. 

Growth of all dipterocarps saplings (inoculated and non-

inoculated) were also observed by recording data of plant 

height and stem girth. All recorded data were analysed 

by using computer package programme MSTAT-C 

(Russell, 1986) to find out the statistical significance 

and the mean differences were evaluated by least 

significance difference (Gomez and Gomez, 1984).  

  
Results 

 

Ectomycorrhizal (ECM) fungal establishment 

Sporocarp development: Establishment of ECM fungi in 

association with dipterocarps saplings was observed by 

observing sporocarps development. Sporocarps of 

Laccaria, Inocybe and Suillus were found in the basal area 

of all dipterocarps saplings i. e. Shorea robusta, 

Dipterocarpus turbinatus and Hopea odorata saplings 

(Table 1). Sporocarps of Russula and Scleroderma were 

found only in the basal area Shorea robusta. Sporocarps of 

these two ECM fungi were not found at the basal area of 

Dipterocarpus turbinatus and Hopea odorata saplings 

(Table 1).  

 

Table 1. ECM fungal establishment in association with roots of dipterocarps sapling

Laccaria Russula Inocybe Suillus Scleroderma

Shorea robusta √ √ √ √ √

Dipterocarpus turbinatus √ × √ √ ×

Hopea odorata √ × √ √ ×

ECM fungal root tips and sporocarps production
Dipterocarps

√  = established i. e. found in association sapling roots/produced sporocarps

×  = not established i. e. not found in association with saplings roots/no sporocarps were produced  
 

ECM fungal root tip characterization: Root tips of all 

ECM fungi were examined under a dissecting microscope. 

All examined root tips were characterized based on their 

specific color, texture and emanating hyphae. It was found 

that results from ECM root tips observation were very 

much similar with sporocarps observation where all ECM 

fungi were successfully established in association with 

Shorea robusta, saplings root. Laccaria, Inocybe, and 

Suillus were found in association with both Dipterocarpus 

turbinatus and Hopea odorata saplings root. ECM fungi 

Russula and Scleroderma were not colonizing in 

Dipterocarpus turbinatus and Hopea odorata saplings root 

(Table 1).  

Growth of dipterocarps saplings: Growth of all 

dipterocarps saplings were observed by recording the data 

of height and girth after one and two years of 

transplantation (Table 1, Figs. 1- 3). Height and girth of all 

ECM fungi inoculated Shorea robusta saplings were 

statistically similar which were longer and vigorous and 

significantly shorter and weak saplings were observed in 

the non-inoculated saplings (Table 2, Fig. 1).     

Height and girth of Dipterocarpus turbinatus saplings in 

all ECM fungi colonize (Laccaria, Inocybe, and Suillus 

inoculated) saplings were statistically similar which were 

longer and vigorous than ECM fungi un-colonized 

(Russula and Scleroderma inoculated) and non-inoculated 

saplings, ECM fungi un-colonized and non-inoculated 

saplings were statistically similar which were shorter and 

weak (Table 2, Fig. 2). Growth (height and girth) of 

Hopea odorata were exactly same with the growth of 

Dipterocarpus turbinatus (Table 2 and Fig. 3).   
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Height (cm)

Girth (cm)

Height (cm)

Girth (cm)

Height (cm)

Girth (cm)

85b

4.2b

60b

2.1b

65b

4.4b

73b

3.6b

110a

3.7a

75b

5.2b

3.8b

104a

3.5a

123a

10.4a

151a

7.7a

3.4a

70b

4.5b

78b153a

7.5a

Table 2. Growth characters of dipterocarps saplings after two years in inoculated and non-inoculated condition

107a

3.5a

128a

11.1a

155a

7.9a

106.5a105a

3.6a

125a

10.5a

Shorea robusta

Dipterocarpus turbinatus

Hopea odorata

Means in row followed by the same letter are significantly different by DMRT at P ≤ 0.05

Non-inoculated 

saplings
Dipterocarps

Inoculated saplings

Laccaria Inocybe Suillus Russula Scleroderma

 
 

 

 
 

 
                        Fig. 1. Growth of Shorea robusta saplings in ECM fungi inoculated and non-inoculated condition 

 

 

Discussion 

 

Host specificity: In this study it was found that ECM 

fungi Russula and Suillus were not colonize in association 

with Dipterocarpus turbinatus and Hopea odorata 

saplings but colonize with Shorea robusta saplings which 

indicate these ECM fungi were host specific (Table 1). 

Newton and Haigh, (1998) observed the ecological 

specificity and host ranges of a variety of ECM fungi. 

Different studies have examined ECM fungal host 

specificity at various host-taxon levels using molecular 

approaches (Walker et al. 2005  at species level; Cullings 

et al. 2000 at generic level;  Richard et al. 2005 and Nara, 

2006 at family level). These studies examined host 

specificity (species, genus or family) using two or three 

host species. Using sporocarps study Massicotte et al. 

(1999) have suggested that host specificity at higher levels 

of the host taxon (i.e. genus or family) is relatively 

common. Ishida et al. (2007) tested 55 different ECM 

fungal species to eight coexisting different host trees and 

they found most of the ECM fungi were host specific. In 

Bangladesh, Huda et al. (2006) also found the host 
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specificity of ECM fungi to dipterocarp plantations by 

sporocarps survey. These studies also support the host 

specificity of ECM fungi to dipterocarps in Bangladesh 

ecological condition.   

Host growth: Significantly vigorous growth was observed 

in the ECM fungi colonized dipterocarps saplings 

compared to non-inoculated and un-colonized saplings of 

this study (Table 2, Figs. 1-3). ECM fungi improve host 

performance by increasing nutrients and water availability 

to the soil and protecting host roots from pathogens and 

toxic compounds (Smith and Read, 1997).  

 

 
 

Fig. 2. Growth of Dipterocarpus turbinatus saplings in ECM fungi inoculated and non-inoculated condition 

 

Reduced ECM fungi abundance could result in decreased 

plant performance and reduced competitive ability (Parke 

et al. 1983). Lower ECM fungi abundance on trees 

reduces the amount of ECM inoculum in the soil, where 

EM host plant density is low (Haskins and Gehring, 2005). 

So, ECM fungal inoculation could enhance the growth of 

dipterocarps and other plantation especially in nutrients 

deficient condition.  

 

 

 
 

Fig. 3. Growth of Hopea odorata saplings in ECM fungi inoculated and non-inoculated condition 

 

This study conclude that Russula and scleroderma ECM 

fungal genus can colonize with Shorea robusta but can’t 
with Dipterocarpus turbinatus and Hopea odorata i. e. 

ECM fungi are host specific and ECM fungal inoculation 

can improve the growth of dipterocarps saplings. 

 

Acknowledgement: We appreciate the financial support 

of Bangladesh Agricultural University Research System 

(BAURES) for this research work. 

 

References 

 
Cullings, K.W., Vogler, D.R., Parker, V.T. and Finley, S.K.  

2000. Ectomycorrhizal specificity patterns in a mixed Pinus 

contorta and Picea engelmannii forest in Yellowstone 

National Park. Applied and Environmental Microbiology 66: 

4988–4991. 

Hogberg, M.N. and Hogberg, P. 2002. Extrametrical 

ectomycorrhizal mycelium contributes one-third of 



 

 5 

microbial biomass and produces, together with associated 

roots, half the dissolved organic carbon in a forest soil. New 

Phytologist 154: 791-795. 

Gomez, K.A. and Gomez, A.A. 1984. Duncan's Multiple Range 

Test. Statistical Procedures for Agricultural Research. 2nd 

End. John Wiley and Sons. p. 207-215. 

Haskins, K.E. and Gehring, C.A. 2005. Evidence for mutualist 

limitation: the impacts of conspecific density on the 

mycorrhizal inoculum potential of woodland soils. 

Oecologia 145: 123–131. 

Huda, S.M.S., Uddin, M.B., Haque, M.M., Mridha, M.A.U. and 

Bhuyan, M.K. 2006. Horozontal distribution of 

ectomycorrhizal infection in dipterocarps plantations of 

Bangladesh. Journal of Forestry Research 17(1): 47-49. 

Ishida, T.A., Nara, K. and Hogetsu, T. 2007. Host effect on 

ectomycorrhizal fungal communities : insight from eight 

host species in mixed conifer-broadleaf forests. New 

Phytologost 174:430-440. 

Islam, K.K. Khokon, M.A.R., Pervin, M.J., Rahman, M.M. and 

Vacik, H. 2007. Prevalence of ectomycorrhizal fungi in 

Madhupur Sal forest of Bangladesh. J. Agrof. and Env. 1(1): 

21-30. 

Khan, W.A. 1997. Developing multiple use silviculture practices 

of forest of arid regions. Proc. IUFRO/MAB, Lonf. Res. On 

Multiple use of forestry resources. May 18-23. 1980. Flag 

Staff, Arizona, U.S.A. 

Massicotte, H.B., Molina, R., Tackaberry, L.E., Smith, J.E., and 

Amaranthus, M.P. 1999. Diversity and host specificity of 

ectomycorrhizal fungi retrieved from three adjacent forest 

sites by five host species. Canadian Journal of Botany 77: 

1053–1076. 

Molina, R., Massicotte, H. and Trappe, J.M. 1992. Specificity 

Phenomena in mycorrhizal symbioses: community-

ecological consequences and practical implications. In: 

ALllen MJ, ed. Mycorrhizal functioning. New York, NY, 

USA: Chapman & Hall, 357-423. 

Nara, K. 2006. Pioneer dwarf willow may facilitate tree 

succession by providing late colonizers with compatible 

ectomycorrhizal fungi in a primary successional volcanic 

desert. New Phytologist 171: 187–198 

Newton, A.C. and Haigh, J.M. 1998. Diversity of 

ectomycorrhizal fungi in Britain: a test of the species-area 

relationship, and the role of host specificity. New 

Phytologist 138: 619-627. 

Parke, J.L., Linderman, R.G. and Black, C.H. 1983. The role of  

ectomycorrhizas in drought tolerance of Douglas-fir 

seedlings. New Phytologist 95: 83–95. 

Richard, F., Millot. S., Gardes, M. and Selosse, M.A. 2005. 

Diversity and specificity of ectomycorrhizal fungi retrieved 

from an old-growth Mediterranean forest dominated by 

Quercus ilex. New Phytologist 166: 1011–1023. 

Russel, D.F.1986.MSTAT-C package progrom .Crop and soil 

science  Department. Michigan State University,USA.  

Smith, S.E., and Read, D.J. 1997. Mycorrhizal symbiosis, 2nd 

edn. London, UK: Academic Press. 

Vogt, K.A., Grier, C.C., Meier, C.E. and Edmonds, R.L. 1982. 

Mycorrhizal role in net primary production and nutrient 

cycling in Abies annabilis ecosystems in western 

Washington. Ecology 63: 370-380. 

Walker, J.F., Miller, O.K. and Horton, J.L. 2005. Hyperdiversity 

of ectomycorrhizal fungus assemblages on oak seedlings in 

mixed forests in the southern Appalachian Mountains. 

Molecular Ecology 14: 829–838. 

 
. 
 

 

 

 

 

  

http://regions.proc.iufro/MAB,

