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Introduction

 Dipterocarp trees are dominant species in tropical 
rain forests of Southeast Asia and are also the most im-
portant commercial trees in this area.  In the tropics, ar-
buscular mycorrhiza is the dominant type of mycorrhi-
za12 and dipterocarp trees form arbuscular mycorrhizae15, 
but they are well known to be ectomycorrhizal and can-
not survive without ectomycorrhizae14.
 The general functions of ectomycorrhizae are the 
promotion of the nutrient and water uptake from the soil8, 

and the enhancement of the protection against soil borne 
disease7 and deleterious compounds or ions.  Ectomycor-
rhizal fungi also act as shortcut pathways of nutrient re-
cycling from decomposing litter10.  Mycorrhizal fungi 
usually have limited capability to decompose complex 
organic compounds5, but the hyphae in the decomposing 
litter may absorb the inorganic nutrients released by litter 
decomposers.  Although this function is not proved in 
dipterocarp species, Vogt et al. mentioned the nutrient re-
cycling in the Amazon17, and Allen suggested the partici-
pation of mycorrhizal fungi4.  In the tropics where soil is 
poor in nutrients, the ability to intercept diffusing nutri-
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Abstract
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ents must be very advantageous.
 A huge area of Kutai prefecture, province of East 
Kalimantan, suffered forest fires during the severe 
drought in 1997 and 1998.  Forest fire often kills host 
trees and this is fatal to ectomycorrhizal fungi because 
they are virtually obligate symbionts.  However, even if 
the host trees survived, mycorrhizae can be seriously 
damaged by the burning of the litter layer and consequent 
heating of top soil because mycorrhizae distribute mainly 
in the top soil3.  In dipterocarp trees, the loss of the func-
tions of ectomycorrhizae may be a very serious problem 
to the recovery from the forest fire, because they largely 
depend on mycorrhizae for the function of the roots.
 The objective of this study is to show the effect of 
forest fire on the status of ectomycorrhizae and to esti-
mate the damage and recovery of underground parts of 
dipterocarp forest.  In the former part of this study, con-
ducted one and a half years after the forest fire, mycor-
rhizae were collected from the soil of fire-affected forest, 
neighboring unaffected forest and artificial plantation, 
and they were analyzed for the biomass and diversity to 
show the damage.  In the latter part of the study, conduct-
ed three years after the former one, occurrence of mycor-
rhizal mushrooms and distribution of mycorrhizae were 
examined in heavily and lightly disturbed forests and un-
disturbed forest to show the recovery of mycorrhizae and 
their diversity.

Materials and methods

1. Study site
 The study was conducted at Bukit Bangkirai nature 
reserve of PT INHUTANI-1, a state-owned forestry com-
pany, and Sebulu Experimental Forest of Kutai Timber 
Indonesia, both in East Kalimantan.  Bukit Bangkirai 
(1°01’S, 116°52’E) is located in Samboja district, Kutai 
Kartanegara regency, 25 km north of Balikpapan and the 
altitude is ca. 110 m.  The area had suffered forest fire 
and some limited part of the nature reserve was severely 
burnt; almost all canopy trees were lost (Fig. 1).  Another 
area suffered only moderate ground fire which burnt 
shrubs on the forest floor and many but not all canopy 
trees died standing (Fig. 2) from the damage to their cam-
bium caused by the heat of the ground fire.  An unaffect-
ed area (Fig. 3) had high diversity of vegetation which 
contained more than 500 species of plants.  The major 
woody families recorded in Bukit Bangkirai are Annon-
aceae, Dipterocarpaceae, Euphorbiaceae, Lauraceae, 
Myrtaceae, and Rubiaceae.  The dominant tree species 
were Shorea laevis, Dipterocarpus confertus, Cotylelo-
bium motleyanum, Cleistanthus myrianthus, Ancistrocla-
dus tectorius, Derris elegans, Stachyphrynium jagori-

Fig. 1. The severely fire-affected forest in Bukit Bangkirai 
three years after the fire 

 Most of the canopy trees are killed and the ground 
is covered by ferns and herbaceous plants.

Fig. 2. The moderately fire-affected forest in Bukit  
Bangkirai two years after the fire 

 The canopy is open but some of the mycorrhizal 
host trees survived the fire.

Fig. 3. The unaffected natural forest in Bukit Bangkirai 
 There are many mycorrhizal emergent and canopy 

layer trees and a diverse understory layer.
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anum, and Maesa ramentacea1.  There were some 
Lithocarps trees which are considered to be mycorrhizal.  
Sebulu Experimental Forest is located about 80 km north 
of Bukit Bangkirai.  The stand where we collected sam-
ples was an experimental plantation of Shorea leprosula 
established in 1993 at 10,000 trees/ha density.  The forest 
floor of the plantation is shown in Fig. 4.  We visited 
Bukit Bangkirai and Sebulu in 1999 for the study of myc-
orrhizal biomass and diversity.  In 2002, we visited Bukit 
Bangkirai to study the mycorrhizal distribution and the 
species composition and succession of mycorrhizal fun-
gi.

2. Biomass and diversity of mycorrhizae
(1) Sampling
 In August of 1999, soil samples were collected on a 
partly fire-affected small hill.  We collected samples 
around the foot of a Shorea laevis tree in an unaffected 
area and around one surviving S. laevis tree in a moder-
ately fire-affected area just across the border of the areas.  
There were some severely burnt patches in the moderate-
ly affected area, and we collected samples from severely 
and moderately fire-affected sites separately.  We also 
collected samples from a young plantation in Sebulu Ex-
perimental Forest in September.  Numbers of the samples 
were 8 in severely and moderately affected sites, 7 in the 
unaffected site and 6 in the plantation.
 The ground was covered by leaf litter in the unaf-
fected site and plantation.  In the severely affected site, 
there was no litter except carbonized or freshly-fallen dry 
litter.  In the moderately affected site, the amount of litter 
was small and the ground was not covered entirely.  There 
was a carbonized top layer in the severely affected site, 

and the thickness was 1.7 cm in average.  In the unaffect-
ed site, there was 3 to 4 cm of A-horizon which contains 
humus, but there was no recognizable A-horizon in the 
plantation although there were 0.5 to 1 cm of AO-horizon 
both in the unaffected site and the plantation.
 We collected soil samples under the crown of Sho-
rea laevis trees, 3 to 6 m from the foot of them in Bukit 
Bangkirai, and randomly in the Sebulu plantation.  When 
there was freshly-fallen dry litter on the ground, it was 
removed before sampling the soil.  The size of soil sam-
ples was 10 cm square and 5 cm in depth.  Samples were 
taken undisturbed and packed in polyethylene bags.
(2) Grouping of mycorrhizae
 Soil samples were brought to the laboratory in PUS-
REHUT, and sliced into three subsamples: top 1 cm, mid-
dle 2 cm and bottom 2 cm.  All the plant roots were picked 
up and fine dipterocarp roots bearing mycorrhizae were 
separated from other roots and mycorrhizae were excised 
from the fine tap roots under dissecting microscope.  My-
corrhizae were sorted into several types mainly by their 
surface structures, which are more stable than other char-
acteristics and depend on fungi rather than host2.  The 
sorted mycorrhizae and the fine tap roots were desiccated 
in a drying oven at 60°C for 1 day, and weighed.

3. Distribution of ectomycorrhizae and sporocarps
 The study was conducted in July, 2002 in Bukit 
Bangkirai.  Three permanent plots which each covered an 
area of ca. 1 ha had already been established by the re-
search project of Indonesian Institute of Sciences and the 
Ministry of the Environment of Japan in 2001 and we col-
lected samples from them.  The name of the plots were 
HD for severely fire-affected (heavily disturbed), LD for 
moderately fire-affected (lightly disturbed) and K for un-
affected (K is the initial of the Indonesian word for “con-
trol”) plot, respectively.  Soil samples were collected as 
blocks of soil 10 cm square and 5 cm in depth.  Numbers 
of the samples were 16 for K and HD plots, and 12 for the 
LD plot.  The sampling points are shown in Fig. 5.  Sam-
ples were separated into the organic layer and mineral 
soil and washed under running water.  Mycorrhizal roots 
were sorted using dissecting microscope and the amount 
was classified into no mycorrhiza and four arbitrary 
groups of several mycorrhizal root tips (present but few), 
small amount (around 10 mg in fresh weight), moderate 
amount (about 10 to 100 mg), and large amount (appar-
ently more than 100 mg).
 All terrestrial mushrooms and toadstools except 
saprophytic species were collected from each plot and re-
corded.Fig. 4. Forest floor in a 6-year-old plantation of Shorea 

leprosula in Sebulu Experimental Forest 
 The density is 10,000 trees/ha.
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Results and discussion

1. Biomass and diversity of mycorrhizae
(1) Biomass of mycorrhizae
 Table 1 shows the biomass of mycorrhizae in the soil 
samples collected from variously fire-affected sites in 
Bukit Bangkirai and the plantation in Sebulu Experimen-
tal Forest.  There was entirely no mycorrhiza in the se-

verely affected site.  The biomass of mycorrhizae was the 
smallest in the moderately affected site among three my-
corrhiza-containing sites and the distribution did not de-
pend on the depth.  In the unaffected site and the planta-
tion, most of the mycorrhizae were distributed in the top 
1 cm layer, A0-horizon.  However, the tendency was not 
significant in the unaffected site (Friedman’s test) proba-
bly because of the insufficient number of samples which 

Fig. 5. The amount of mycorrhizae and the distribution of mycorrhizal trees and mycorrhizal mushrooms in severely and 
moderately affected (HD, LD) and unaffected (K) plots in 2002 study  

 Circles and “×” symbols represent the amounts of mycorrhizae at each point (“×” means no mycorrhiza, small to large 
circles mean small to large amounts of mycorrhizae, respectively).  Mycorrhizal trees (Dipterocarpaceae and Fagaceae) 
are shown by “+”.  Letters show the position of the sporocarps of mycorrhizal fungi (E: Early-stage fungi; L: Late-stage 
fungi).

Table 1. Total biomass of mycorrhizae contained in samples collected one and a half years after the fire in 
severely and moderately fire-affected sites, unaffected site and plantation

Depth Sampling site

Severely affected Moderately affected Unaffected Plantation*

0–1 cm 0 (0/8) 4.2 ± 5.2 (4/8) 15.8 ± 7.2 (5/7) 22.6 ± 3.7 (6/6)
1–3 cm 0 (0/8) 5.3 ± 2.4 (6/8) 5.6 ± 3.4 (4/7) 8.8 ± 2.9 (6/6)
3–5 cm 0 (0/8) 5.7 ± 4.2 (6/8) 2.7 ± 4.1 (3/7) 2.4 ± 1.3 (5/6)
Total 0 (0/8) 5.2 ± 9.9 (6/8) 24.1 ± 8.7 (6/7) 33.8 ± 5.7 (6/6)

Values are average dry weight (mg) ± SE.  Numbers in parentheses are the number of mycorrhiza containing 
samples / all samples.
*: The distribution of mycorrhizae was significantly biased (p <0.01, Friedman’s test).
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contained mycorrhizae and this might be caused by the 
heterogeneous spatial distribution of mycorrhizae in the 
natural forest.
(2) Diversity of mycorrhizae
 Mycorrhizae were sorted into 13 types according to 
the surface structures.  The dry weight of each type of 
mycorrhiza is shown in Table 2.  Eight types were ob-

served in the unaffected site while the moderately affect-
ed site had only four and there were two types in com-
mon.  The unaffected site had two other types common 
with the plantation.  Almost all of the mycorrhizae in the 
moderately affected site were type 2, but in the unaffect-
ed site the most abundant type (type 10) accounted for 
only one third of the total.  Type 2, 8 and 10 are shown in 
Fig. 6.  The plantation had only five types of mycorrhizae 
although the biomass was the largest.  The host trees of 
the plantation were 6-year-old and planted after clear cut 
and prescribed burn, so they might be similar to the re-
generating forest after forest fire except that host trees 
were supplied immediately after the fire.  The mycor-
rhizal diversity of the plantation was less than the unaf-
fected site.  This suggests that once the mycorrhizal di-
versity was destroyed the recovery takes a long time even 
if many host trees are present.
 The moderately affected site had the fewest types 
and the least biomass of mycorrhizae, and their distribu-
tion seemed not to be correlated with the soil depth.  On 
the other hand, the unaffected natural forest had the most 
types of mycorrhizae and more than half of them were 
distributed in the top 1 cm layer.  This layer almost corre-
sponds to the organic layer which was lacking in fire-af-
fected sites, so it appears that the topmost 1 cm of soil is 
essential for the mycorrhizal development and diversity 
in dipterocarp forests.

2. Distribution of ectomycorrhizae and sporocarps
 The thickness of A0 and A horizons in K, LD and 
HD plots is shown in Table 3.  The appearance of mycor-
rhizae in each plot is shown in Fig. 5.  The small crosses 

Table 2. The biomass of each morphotype of  
mycorrhizae in the moderately fire-affected 
site, unaffected site and plantation

Type Sampling site Total

Moderately 
affected

Unaffected Plantation

  1     2.8 – –     2.8
  2 117.6     4.8 – 122.4
  3     1.0 – –     1.0
  4     1.0   20.9 –   21.9
  5 –     5.4     1.1     6.5
  6 –   28.1 –   28.1
  7 –   24.3 –   24.3
  8 –     8.0 –     8.0
  9 – –   49.9   49.9
10 –   62.6   81.0 143.6
11 – –   13.5   13.5
12 – –   57.1   57.1
13 –   15.4 –   15.4

Total 122.4 169.5 202.6 494.5

Values are dry weight (mg).

Fig. 6. Mycorrhizae found in 1999 study 
 Type 2 dominated in the moderately affected site but appeared in small amounts in the unaffected site.  Type 8 appeared 

only in the unaffected site.  Type 10 was found in large amounts both in the unaffected site and plantation.  Bars are 5 
mm.
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in the figures are putative ectomycorrhizal trees (belong-
ing to Dipterocarpaceae and Fagaceae).  Entirely no myc-
orrhiza was found in HD, and only two out of 12 samples 
contained mycorrhizae in LD.  On the other hand 11 out 
of 16 samples contained mycorrhizae in K.  The density 
of mycorrhizal trees seemed not to be related to the distri-
bution of mycorrhizea in both K and LD plots.  This sug-
gests that the distribution of ectomycorrhizae is heteroge-
neous and not restricted under the host trees.
 Sporocarps of mycorrhizal fungi were collected in 
all plots including HD where no mycorrhiza was found in 
the soil samples.  The collected species of ectomycor-
rhizal fungi are listed in Table 4.  The only ectomycor-
rhizal fungi collected in HD was Laccaria vinaceoavel-
lanea Hongo and the Laccaria species are known to be 
early-stage fungi.  All the other fungi collected in LD and 

K plots belonged to late-stage genera11.
 The species of ectomycorrhizal fungi occurring on 
the forest floor are well known to change according to the 
succession of the forest6 from early-stage fungi to late-
stage fungi9 even when the forests are artificial planta-
tions11.  Succession of ectomycorrhizal fungi after forest 
fire is reported in Pinus banksiana forest which is adapt-
ed to forest fire16.  Pinus banksiana disperses seeds when 
their cones are heated by the fire, and the seedlings, 
which germinate on the forest floor where the organic de-
position is burnt, develop mycorrhizal symbiosis with 
early-stage fungi and the symbionts change to the late-
stage with the growth of the trees.  In this case, numerous 
seedlings are supplied immediately after the forest fire 
and develop mycorrhizae.  However, such supply of seed-
lings subsequent to the fire does not take place in diptero-
carp forest, so some surviving trees are important as ref-
ugia of mycorrhizal fungi for the re-establishment of 
mycorrhizal seedlings.  Once the symbionts disappear 
completely, reforestation could be very difficult because 
mycorrhizal fungi are essential for the safe site of mycor-
rhizal trees13 especially in harsh environments.
 The only early-stage fungus collected in this study 
was L. vinaceoavellanea which occurred only in HD and 
all the others collected in LD and K belong to the genera 
known as late-stage fungi.  This suggests that the original 
mycorrhizal biota in HD, the total of the diverse species 
of mycorrhizal fungi and their hosts which may have 
been similar to those of LD and K, was completely de-

Table 3. Thickness of A0 and A horizons of each plot in 
the 2002 study

Horizon Plot

HD LD K

A0 1.9 ± 0.2 3.0 ± 0.3 1.8 ± 0.2
A 6.5 ± 0.5 5.9 ± 0.8 5.9 ± 0.5

HD and LD are severely and moderately fire-affected (hard-
ly and lightly disturbed) sites respectively, and K is an unaf-
fected natural forest.  Values are average depth ± SE (cm).

Table 4.  Mycorrhizal mushrooms collected in and around the plots

Family Species Stage Plot

HD LD K

Tricholomataceae Laccaria vinaceoavellanea early 6 (20+)
Amanitaceae Amanita melleiceps late (2)

Amanita sp.1 late (2)
Amanita sp.2 late 2

Boletaceae Boletus sp. late 2
Hydnaceae Hydnum repandum late 10 5 (4)
Russulaceae Russula castanopsis late 20+

Russula rosacea late 7 3
Russula sp.1 late 1
Russula sp.2 late 1
Russula sp.3 late 1
Lactarius sp. late 1

“Stage” shows the putative successional stage of each fungus assumed from the genus.  Values in paren-
theses show the number of mushrooms collected around the plot.  The “+” means the existence of the ru-
ins of mushrooms which are difficult to count.
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stroyed by the ground fire which burnt the organic layer 
and secondary succession had started on the regenerating 
roots of the few surviving dipterocarp trees.  On the other 
hand, the sporocarps of the late-stage fungi in LD show 
that the mycorrhizal biota in LD has been kept although 
there were some carbonized soil and early-stage species 
around the plot which show the damage to the organic 
layer and mycorrhiza.  Not to mention the undisturbed 
site like K, the mycorrhiza-keeping sites like LD may act 
as an “ark” for the mycorrhizal diversity which includes 
species adapted to various host trees, even if the vegeta-
tion is not perfectly preserved.
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