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Abstract Forest fire can affect arbuscular mycorrhizal
(AM) fungi by changing the soil conditions and by di-
rectly altering AM proliferation. We studied the effects
of a severe forest fire at Margalla Hills near Islamabad
on the number and viability of AM fungal propagules
in the burnt soil and their role in the re-establishment
of post-fire infection in colonized plants. Compared
with a nearby control area, the burnt site had a similar
number of total spores but a lower number of viable
AM fungal propagules. The roots of the two most fre-
quent species at the burnt site, Dodonaea viscosa and
Aristida adscensionis, showed a gradual increase in per-
centage root length colonized by AM fungi in general
and hyphal infection in particular. Our results indicate
resumption of mycorrhizal activity following the fire,
probably from AM hyphae in the roots of these domi-
nant shrubs.
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Introduction

The importance of mycorrhiza, especially arbuscular
mycorrhiza (AM) caused by Glomalean fungi, in the
rehabilitation of severely disturbed ecosystems is well
recognized (Miller 1979; Reeves et al. 1979; Khan 1981;
Trappe 1987). The reduction and/or loss of infectivity
of AM fungi as a result of natural or man-induced dis-
turbance of ecosystems has been reported by various

researchers (Allen and Allen 1980; Powell 1980; Allen
et al. 1984).

Annual forest fires are a typical feature of Margalla
Hills near Islamabad, Pakistan. The role of fire in
changing vegetation structure and soil characteristics
has been the subject of a number of studies (Naveh
1973, 1975; Trabaud 1984, 1987; Johnson 1992; Kutiel
and Shaviv 1993). Fire can dramatically change surface-
soil characteristics and erosion rates (Anderson 1974;
Amaranthus and McNabb 1984; Amaranthus 1989). Al-
though several workers have reported significant ef-
fects of fire on soil microorganisms in general (Algren
and Algren 1960; Perry et al. 1987), few studies have
examined the effect of burning on AM fungi. The de-
gradation of soil causes changes in the AM fungal pop-
ulation, reflected by a decrease in the number of AM
fungal propagules (Allen et al. 1984; Day et al. 1987;
Khan 1978) and hence a low inoculum potential (Khan
1988). Vilarino and Arines (1991) found that burning of
vegetation had serious effects on both the spore popu-
lation and the infection potential of AM fungi.

Our objectives were to determine the effects of for-
est fire on the number and viability of AM fungal pro-
pagules in affected areas of Margalla Hills, including
post-fire re-establishment of AMF infection in the
dominant shrubs of the burnt sites.

Materials and methods

The study was conducted on the south-facing slopes of Margalla
Hills which constitutes the northwest boundary of Islamabad, Pa-
kistan. The area of 12 605 ha is scrub type vegetation and the
summer maximum temperature reaches 44 7C (Hoeflaken 1988).
The vegetation on the burnt and the nearby control sites was
identical before the fire and the sites experienced the same cli-
matic conditions. In fact the demarcation of the sites was only
possible after the fire. Dodonaea viscosa andArtisia adscensionis
were among the dominant shrubs of both areas, covering 11.6 and
9.2%, respectively, of the control site and 2.3 and 4.3% of the
burnt site.

Fire broke out at the end of July 1994 and plant and soil sam-
ples were collected in December 1994 and April 1995. At each
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Table 1 Number of viable arbuscular mycorrhizal (AM) propa-
gules and spores in burnt and control forest sites as determined
by MNP and wet-sieving techniques on two sampling dates. Mean
values in columns within a sampling followed by different letters
are significantly different at P~0.05 (np2)

Method Site December
1994

April 1995

MPN
Burnt
Control

93a

156b
105a

203b

Wet-sieving technique
Burnt
Control

311a

298a
322a

382a

collection date, soil (sandy loam) samples, plants and their my-
corrhizospheres were collected. Five uniformly spaced soil cores
(4 cm wide ! 10 cm deep) were taken from each site on each oc-
casion and pooled to give two composite samples for extraction of
AM fungal spores by wet sieving and decanting (Gerdemann and
Nicolson 1963). The composite soil samples were sieved with a
2-mm sieve to remove coarse debris and oven-dried (80 7C over-
night). Ca. 100 gm of dried soil sample was then thoroughly wet-
ted for 1 h before sieving and decanting for AM fungal spore ex-
traction.

The numbers of viable AM fungal propagules (spores, myce-
lium, infected root pieces) per 100 g of dried soil sample were de-
termined by the most probable number (MPN) technique (Porter
1979, as modified by Woomer 1994), using pre-germinated red
clover seedlings as the test plant. A tenfold dilution series of each
mycorrhizosphere sample with acid-washed sand as dilutent was
planted with 6-day-old pre-germinated red clover seedlings in 50-
ml vials with 1 seedling per vial and 5 replicates per dilution. The
vials were maintained at field capacity by frequent watering to a
constant weight and were randomized in trays in a glasshouse
(temperature range 13–25 7C and photoperiod 14 h). After 6
weeks, clover seedlings were harvested and their roots removed,
washed and fixed in FAA (formalin, acetic acid, ethanol 5 :5 : 90)
and stored at 4 7C. The MPN of AM fungal propagules for each
inoculum were calculated according to Alexander (1965).

Roots of Dodonaea viscosa andAristida adscensionis were col-
lected by excavating the whole root systems of five plants per spe-
cies. The roots were carefully washed to remove soil debris, cut
into 1-cm pieces, fixed in FAA, and cleared (2.5% KOH) and
stained (acid glycerol aniline blue) according to Koske and Gem-
ma (1989).

The data was subjected to one-way ANOVAR and x2 test.

Results and discussion

Our results indicate adverse effects of fire on the viabil-
ity of AM fungal propagules (Table 1). The MPN meth-
od revealed a significantly lower number of viable AM
fungal propagules at the burnt site than at the control
site, suggesting that burning of the vegetation and sub-
sequent loss of top soil by erosion reduced infectivity of
AM fungal propagules. Moreover, direct effects of
burning may have resulted in heat injury causing low
viability and/or dormancy of AM fungal spores; the
MPN bioassay may fail to detect such dormant spores.
Dead AM fungal spores degrade slowly and the pro-
portion of vital spores is often about half that of total
spores (An et al.1990). Similarly, the presence of pro-
pagules of AM fungi such as Glomus intraradices,

Table 2 Numbers of spores of AM fungal species recovered per
100 g soil from burnt and control sites by wet sieving and decant-
ing (np10). The data are mean results from 10 plantsBSD

Species December 1994 April 1995

Control Burnt Control Burnt

Glomus sp.
Glomus fasciculatum
Glomus mosseae
Gigaspora gigantea
Gigaspora margarita
Acaulospora sp.
Unknown

49B13
60B25

101B26
50B11
9B 3

18B 5
11B 7

37B21
84B32
98B28
41B19
22B12
24B 7
5B 1

89B17
67B16

110B31
83B 9
12B 2
7B 2

14B 1

71B12
45B19
94B30
55B21
34B 8
14B 3
9B 1

Total 298B77 311B54 382B41 322B38

which produces spores inside roots and are not recov-
ered in wet sieving, will be revealed in the MPN bioas-
say plants but are unlikely to be isolated by the wet-
sieving technique (An et al. 1990). Reduced AM fungal
spore viability at the burnt site in the present study may
also be attributed to toxic substances released from or-
ganic matter as a result of fire (Raison 1979).

The total number of spores at the burnt site, viable
or not, was not significantly different from the control-
site 5 months after the fire (Table 1). These results are
consistent with those of other workers (Vilarino and
Arines 1991). At 10 months after the fire, rhizosphere
soil from the control site did not contain a higher num-
ber of total AM fungal spores than at the burnt site.
This contrasts with results of Dhillion et al. (1988), who
recorded an increase in spore production with the re-
duced growth of little blustem subjected to a prairie fire
in the USA. No speciation differences in the AM fungal
spore populations were noted (Table 2). In general the
number of spores of Glomus sp. was greater than Gi-
gaspora gigantea and Gigaspora margarita at both
sites.

Examination of the roots of Dodonaea viscosa and
Aristida adscensionis from the burnt site showed the
gradual re-establishment of AM associations (Table 3).
In December 1994, 4 months after the fire, the percent-
age root length colonized by AM fungi was significantly
higher (P~0.05) at the control site for all samples than
at the burnt site for both plants studied. A significant
increase in root length colonized by AM fungal hyphae
in plants growing at the burnt site was found in April
1995, 10 months after the fire. It has been demonstrated
by various workers that hyphal regrowth from root seg-
ments occurs more frequently and more rapidly than
from spores, where infection is delayed by the time re-
quired for spores to germinate and pass through a high-
ly branched phase before becoming infective (Powell
1976; Hayman and Stovold 1979; Hall 1988). Zakha et
al. (1995) studied the mycorrhizal inoculum potentials
in sugar maple forests and suggested that colonized
root pieces and hyphal fragments are more likely to be
propagules for infection than spores. Other researchers
(Powell 1976; Abbott and Robson 1981) suggested that
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Table 3 MeanBSD percent-
age root length colonization
by AM fungi of plants from
burnt and the control sites.
Mean values in a line, within a
sampling, followed by differ-
ent letters are significantly dif-
ferent at P~0.05 (np10)

Host Form of
infection

December 1994 April 1995

Control Burnt Control Burnt

Dodonaea
viscosa

Total
Hyphal
Vesicular
Arbuscular

57bB 8
35bB11
14aB 6

8bB 2

23a B3
14a B3
8a B2
1a B2

99bB13
61bB19
26bB 9
11bB 4

47aB3
26aB7
16aB8
5aB3

Artisia
adscensionis

Total
Hyphal
Vesicular
Arbuscular

43bB 3
28bB 5
12bB 2
3bB 1

20.7aB2
15a B2
5a B2
0a B1

45bB 6
31bB 6
11aB 3

3aB 1

29aB5
14aB3
13aB2
2aB1

infectivity of AM is probably related to the amount of
nutrient reserves in fungal structures in roots, and hy-
pothesized that intra-radical vesicles contribute greatly
to inoculum potential. Mosse (1988) and Burggraff and
Beringer (1989) also reported that vesicles separated
from roots retain their infectivity, and suggested that
mycorrhizal root pieces are preferable to germinating
spores.

To establish the relationships of mycorrhizal activi-
ty, time following fire and soil edaphic factors, both the
dynamics of succession of vegetation and associated
AM fungal populations on the Margalla Hills need to
be examined further (Janos 1980). Mycorrhizal depend-
ence and AM fungal propagule availability are prime
determinants of early stages of community develop-
ment and affect long-term plant dominance (Allen and
Allen 1990; Molina et al. 1992).
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