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Summary
The occurrence and infectivity of vesicular-arbuscular mycorrhizal (VAM) fungi in three soils
from the rainforest zone and the coastal savanna zone of Ghana was investigated. Wet-sieving
and density gradient centrifugation methods were used to isolate and recover the propagules of
the fungi in the soils. Fungal spores were examined microscopically and classified into the known
genera. The infectivity of the VAM fungi present in the soils was determined by the most
probable number (MPN) method using a two fold dilutign series with onion as the test plant.
Spores of VAM fungi in the genera Glomus and Gigaspora were found in all the soils. The
infectivity of fungi present ranged from 0.4 to 4.4 propagules per gram of soil. The presence of
VAM fungi which belonged to the same taxa in the different soil environments was indicative of
some degree of adaptation by the fungi mycobionts.

Introduction

The term 'mycorrhiza’ was first coined by Frank
(1985) to describe the association between plant
roots and fungi. The fungi involved span a broad
range in the Zygomycetes, the Ascomycetes and
the Basidiomycetes (Harley & Smith, 1983). Itis
generally believed that the mycorrhizal associa-
tion is mutualistic, although it has also been de-~
scribed by Hacskaylo (1972) as a physiologically
well-balanced parasitism. Zygomycetous
endomycorrhizas are the most abundant and wide-
spread mycorrhizas forming in the roots of many
Angiosperms, Gymnosperms, Pteridophytes and
Thallophytes (Mosse, Stribley & Tacon, 1981).
In recent years, these associations have been re-
ferred to as 'vesicular-arbuscular mycorrhizas'
(VAM) even though some of the fungi do not
produce intraradical vesicles (Morton, 1988).

Early investigations on mycorrhizas in the trop-
ics can be traced back to the 19th century when
Treub (1895) recorded VAM in sugar cane in Java.
A survey of mycorrhizal associations in
bryophytes, vascular cryptogams, gymnosperms
and some species of monocots and woody dicots
was also carried out by Janse (1896).

A greater proportion of the work done on VA

mycorrhizas has been on the effect of the
mutualistic association on the phosphorus nutri-
tion of plants (e.g., Hayman, 1980; Owusu-
Bennoah & Wild, 1979; Krishnaet al., 1985). Other
non-nutritional effects of mycorrhizas on crop
plants such as enhanced production of auxins,
improved water relations and increased resistance
of plants to disease have been reported (Dehne,
1982; McGraw & Schenck, 1981).

In recent years, the development of sustain-
able agricultural production systems has been a
subject of much concern and many strategies and
guidelines have been proposed to achieve this
(e.g., BIFAD, 1988; CGIAR/TAC, 1988; FAO, 1986).
A combination of elements of traditional crop pro-
duction systems and their component technolo-
gies that make maximum use of biological inputs
available locally, combined with affordable ele-
ments of modern high input systems appears to
be the way forward.

Expenditare on fertilizers in crop production
systems in developing countries is a major finan-
cial constraint to farmers with limited capital. Ve-

. sicular-arbuscular mycorrhizas could be used to

increase the utilization of current fertilizer appli-
cations as well as some residual nutrients from
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previous applications.

Although not host-specific, VAM fungi have
been known to exhibit host preferences which have
been attributed in part to differences among spe-
cies and among the genera due to differing abili-
ties to form mycorrhizas rapidly and extensively.
The differences found in soil environments in
Ghana with regard (o temperature, moisture, nu-
trient status and soil reaction could, therefore,
result in the existence of diverse strains, species
or genera of VAM fungi adapted to the varied
environments,

To date, over 126 species of VAM fungi in six
genera have been reported in the literature
(Schenck & Perez, 1990), but a dearth of informa-
tion exists regarding the presence of these fungi
in soils of Ghana. The wide variation in the ability
of VAM fungi to stimulate nutrient uptake and
plant growth demands a knowledge of the spe-
cies or genera involved in order to optimize the
benefits to be derived from the association.

A preliminary investigation was conducted to
determine the diversity of the indigenous
mycorrhizal fungal population in some soils from
the rainforest and savanna ecological zones of
Ghana.

Experimental

Site description and soils

Two sites located in the rainforest and savanna
agroecological zones were chosen for the sam-
pling of soils used int he investigation. Site 1 was
located at Cape Coast in the coastal thicket zone
of Ghana and the soil belonged to the Udu Series,
an Aquick Paleustalf. Site 2 was located at
Aiyinase in the high rainforest zone of south-
western Ghana and the two soils at the site were
Basachia (Typic Haplustox) and Tikobo series
(Ustox). Surface soils (0-20 cm) from 2-h areas
were sampled with polypropylene corers. Ateach
location, 20 samples were taken and mixed; com-
posite subsamples were obtained and stored at
room: temperature.

Soil analysis

Analysis was carried out on sieved (2 mm)
subsamples of the soils. Soil pH was determined
ina 1:2.5 soil to CaCl, ratio using a glass-calomel
clectrode. Effective cation exchange capacity was
determined by the method of Gillman (1979). Avail-
able phosphorus was determined by anion ex-
change resin (Biorad AG 21k 16-20 mesh) in sealed
nylon mesh bags were placed in 100 ml centrifuge
tubes with 2 g soil in 70 ml deionised water, the
tubes were shaken for 24 h at room temp (24 °C),
the bags were then suspended in 60 ml 0. 1A/ HCI,
after washing with distilled water to remove soil
particles. Phosphate concentration in the acid
extractant was determined colorimetrically by the
method of Murphy & Riley (1962). Available ni-
trogen (NH,-N and NO,-N) was determined by
the method of Keeney & Nelson (1982) and or-
ganic carbon by the Walkley-Black procedure
(Page, Miller & Keeney, 1982). Exchangeable alu-
minium was determined by shaking 10 g soil with
50 ml neutral 1 M/KCl for 15 s and the suspension
filtered. The residue on the filter paper were then
leached with 10 ml portions of the extracting solu-
tion. Aluminium in the filtrate was determined by
the colorimetric method of Pritchard (1967) using
xylenol orange as the colour-developing reagent.
Mechanical analysis was carried out using the
International Pipette Method.

Isolation and recovery of VAM propagules

Spores and other propagules of VAM fungi in
the soils were isolated by a modified wet sieving
and decantation method (McKenney & Lindsey,
1987). Spores were recovered from debris by den-
sity gradient centrifugation (Ohms, 1957) and ex-
amined microscopically. Spores were identified
and tentatively placed in taxonomic classes with
the aid of an identification manual (Schenck &
Perez, 1990) and taxonomic keys of Hall & Fish
(1979) and Trappe (1982).

Bioassay of mycorrhizal fungal propagules
Infectivity of VAM fungi was determined by
the most probable number method using a two-
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fold dilution series (2" to 27). Gamma irradiated
(2.5 Mrad) samples of the soils were used as dilu-
ents and onion as a test plant. After 6 weeks of
growth, the roots were washed and cut into 1 cm
pieces, cleared in 10 per cent potassium hydrox-
ide solution (Phillips & Hayman, 1970) and acidi-
fied after thorough rinsing in distilled water. Roots
were stained with a solution of 0.05 per cent trypan
blue in acidic glycerol (Koske & Gemma, 1989).
Root pieces were placed on glass slides and ex-
amined under a compound microscope for the
presence or absence of mycorrhizal fungal struc-
tures (vesicles, arbuscules and hyphae) at each
dilution.

The most probable number (MPN) of infective
mycorrhizal propagules was calculated from the
number of pots with infection by an approxima-
tion of the maximum likelihood method (Mather,
1949) as described by Fisher & Yates (1963).

Statistical analysis

Confidence limits (95%) were calculated for the
MPN of infective propagules using the tables of
Fisher & Yates (1963).

Results
Soil properties
The physical and chemical properties of
Basachia, Udu and Tiboko soils are presented in
Table 1. The soils were strong to moderate acid-
ity as indicated by their pH. The effective cation

exchange capacities of the soils were below 5 emol
perkg soil. Available P concentrations in the soil
were low and Al saturation of the exchange com-
plex was below 20 per cent.

Spore characteristics

Different spore types were isolated and recov-
ered from the soils. The density of spores ranged
between 55 and 70 per 10 g of soil and consisted
of different sizes with variations in colour from
brown to white or hyaline. Spore size ranges in
the different soils are presented in Table 2. From
morphological features, spores isolated from Udu
soil were tentatively identified as Glomus
occultum, Glomus mosseae, Gigaspora magarita
and Gigaspora gigantea. Spores belonging to
the genus formerly known as Sclerocytis
(Sclerocytis clavispora) now included in the ge-
nus Glomus, were found only in Udu soil. Other
Glomus species were present in all the three soils.
The densities of spores in Basachia and Tikobo
soils were 70 and 55 spores per 10 g soil respec-
tively. In these soils, spores were identified by
morphological features and placed in the genera
of Glomus spp. and Gigaspora spp.

Infectivity of mycorrhizal fungal propagules

The MPN of infective propagules per gram of
soil in the three soils are presented in Table 2.
The MPN values ranged from 0.79 to 1.92.

TasLE 1.
Some physical and chemical properties of the soils

Soil series pH Available Available Al CEC 4l OrgC Clay Silt

(CaCl) P N sat.

mg kg’ cmol kgt per cent

Basachia 4.65 4.85 52.55 0.32 3.27 9.79 2.31 18.56 17.23
(Typic
Haplustox)
Tikobo 4.31 4.14 52.76 0.52 2.01 19.92 224 2223 18.25
(Ustox)
Udu 5.31 8.78 61.36 0.11 4.36 2.52 222 30.14 2022

(Aquic Paleustalf)
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TasLE 2
Number of spores by size ranges and infectivity of mycorrhizal propagules in the soils
>75 m 75210 pm 210-600um  >600 um
Infectivity
Soil Spore types - A A—
series A B C D 4 B C D A B C D D MPN Confidence limits)*
Total
Basachia 5 0 5 10 100 15 20 5 30 10 30 140 1.92 0.65 - 2.19
Tikobo 5 0 O 10 150 10 25 5 10 20 20 110 0.79 0.43 - 1.45
Udu 6 0 0 3 133 10 20 10 3 20 9 13 120 1.78 1.30 - 4.39
Spore types: A - Glomus spp. B - Glomus (Sclerocystis), C - Gigaspora spp. D-Unidentified spores
MPN: Most Probable Number/g soil
* Confidence limits (P < 0.05) were calculated using average values of the variances of the ‘mean

infection' levels (Fisher & Yates, 1969).

Discassion

The low concentration of available P found in the
soils is characteristic of most of the highly-weathered
acid soils of the tropics, most of which are usually
deficient in available P. This has been attributed to
the low P reserves and the dominance of occluded
forms of P over more active P forms (Dabin, 1980).
The low available P in soils could provide a favour-
able environment among others for the proliferation
of VAM fungi and colonization of plant.

The community of mycorrhizal fungi in a given soil
has been shown to be rather complex and to be com-
posed of a number of species, all of which are not
necessarily active on a given plant host (Modjo,
Hendrix & Nesmith, 1987, McGraw & Hendrix, 1984).
The spore types isolated and recovered from Udu,
Basachia and Tikobo soils indicated that the indig-
enous fungi present consisted of different species of
the known genera of mycorrhizal fungi at different
stages of maturation.

The composition of VAM fungal populations has
been reported to vary depending on factors which
include the management practices (McGraw & Hendrix,
1984; Schenck & Kinlock, 1980). The soils used in
this study had different histories of management prac-
tice. The previous crop at the site where Udu soil was
sampled had been maize while the standing crop at

the site where Basachia and Tikobo soils were sam-.

pled was cassava, and this could possibly be the rea-

son for the high spore numbers per gram of
soil since the two crop plants are known to
be mycotrophic.

Generally, VAM fungi are not limited in their
host range but different VAM fungi are not
always equally infective for one plant spe-
cies (Hayman, 1987). The variation in their
physiological interaction with different plants
will in turn affect reproduction and survival
of VAM fungi in the field and this would also
affect the species composition of field
populations.

Spore numbers generally do not reflect the
viability or infectivity of mycorrhizal fungi
present in soils since recovered spores may
all not be viable. The density of propagules
in the soils determined by the MPN showed
that the three soils had different densities of
viable propagules. These propagules may
have consisted of root pieces with embed-
ded spores or hyphal fragments, as well as
spores and sporocarps. The MPN values
were in the range of 0.4 to 4.4 per gram of
soil. Some temperate soils have been reported
to have MPN values in the range of 6.1 {o 10
(Porter, 1979; Wilson, Trinick & Parker, 1983)
aswell as 0.07 to 1.58 (Gianinazzi - Pearson,
Gianinazzi & Trouvelot, 1985).

The VAM fungi in Basachia, {lds snd
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Tikobo soils suggest a range of infectivity based
on the MPN values found in this study which
provides a measure of the potential of the VAM
fungal populations. The occurrence of VAM fungi
from different taxonomic groups in the soil envi-
ronments investigated was also an indication of
some degree of adaptation by the fungal
mycobionts since the sites were characterized by
different physico-chemical and climatic condi-
tions. Further work on the influence of edaphic
factors and agronomic practices on the root-fun-
gus association may be necessary, if the poten-
tial of mycorrhizas for increased and sustained
crop yields is to be properly harnessed.
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