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Abstract

Root samples of 41 sand-dune plant species in 28 families were collected from sites along the coast of
New South Wales during spring 1987. Of the species, 36 had vesicular-arbuscular mycorrhizas, with
vesicles and internal and external hyphae. Among these species there was great variation in the pro-
portion of root length colonised by vesicular-arbuscular mycorrhizal fungi (from I to 96%); in 33
species over 10% of root length was infected. Of the vesicular-arbuscular mycorrhizal species, 21
showed arbuscules, and 16 had intracellular hyphal coils. In four plant species mycorrhizas were not
found in the single samples examined; ericoid mycorrhizas were present in the remaining species,
Leucopogon parviflorus, but its vesicular-arbuscular mycorrhizal status could not be assessed, The
results, though preliminary, may reflect a high vesicular-arbuscular mycorrhizal status of vegetation of
coastal sand-dunes of New South Wales. This would be likely to enhance plant nutrition and sandbind-
ing, and to have implications for sand-dune management.

Introduction

The coastal dunes of New South Wales consist of wind-blown marine quartzose sands
formed into barrier ridges and transgressive dunes (Chapman et a/. 1982). Much of the
surface of these dunes is vegetated in a zonal pattern. About 150 vascular plant species
are found on the foredune, of which 50 are widespread and common. Vesicular-
arbuscular mycorrhizas (VAM) have been reported from beaches in the Sydney area
(Koske 1975), Queensland coastal dunes (Jehne and Thompson 1981), and mined and
unmined sand-dunes at Bridge Hill, N.S.W. (Brockhoff 1985), as well as from maritime
sand-dunes in other countries (e. g. Nicolson and Johnston 1979; Koske and Halvorson
1981; Giovannetti and Nicolson 1983; Bergen and Koske 1984; Sylvia 1986). VAM,
the commonest kind of mycorrhiza (Harley and Smith 1983), are expected to improve
the capacity of plants to take up nutrients — an attribute likely to be important in sand-
dunes. VAM may also assist in sandbinding on dunes (e. g. Koske er al. 1975). How-
ever, for the coastal sand-dunes of New South Wales the abundance, geographic extent,
sandbinding capacity, efficacy in nutrient uptake, and taxonomic occurrence, of
mycorrhizas remain largely unknown. In this paper we report a preliminary survey of
mycorrhizal status in a range of vascular plant species; this is part of a project
investigating the extent and effects of VAM in beach dune vegetation along the coast
of New South Wales.

Materials and Methods

Roots of 41 plant species, from 28 families, were examined. Root samples were collected during a
field survey of 247 sites on New South Wales coastal beaches during October and November 1987.
Beaches for root collection from dunes were initially randomly chosen in the northernmost quarter of
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the State’s coastline, but this random selection was modified to allow for species distribution. In the
remaining three-quarters of the State, beaches with species common to those selected in the northern
quarter were sampled. Roots sampled were dug up from the surface 25 cm of sand, and were traced
to the plant to identify their species. Each root sample consisted of more than 75 cm length of roots,
with a bias towards fine and young roots; roots were put in clean plastic bags and stored for 16 h or
less, washed in water, and then pickled in formalin-acetic acid-ethanol 1: 1 : 18 (Brockhoff 1985). The
extent of the root systems and the occurrence of root nodules and proteoid roots were recorded.
For the preliminary assessment reported in this paper, one sample of each of the plant species
collected was randomly selected for analysis. Staining and assessment methods generally followed those
of Brockhoff 1985 (see Brockhoff and Allaway 1988): subsamples of 75, l1-cm lengths (each root less
than 1 mm in diameter) were cut, cleared in 10% KOH and most of them also in 10 volume-strength
H,0,, stained with Chlorazol Black E (Brundrett ef al. 1984), and then put in glycerine for analysis and
storage. To assess mycorrhizal fungal infection, four counts, each of 50 grid-line intersections
(Giovannetti and Mosse 1980), were made on each subsample, using a Wild Leitz Photomakroskop.
Morphological characters were confirmed using a Leitz Dialux photomicroscope. For a sample to be
regarded as possessing vesicular-arbuscular mycorrhizas (VAM), it had to be seen to have vesicles or
arbuscules, and a grid-line intersection was only scored as VAM if the grid-line crossed one of these
organs or mycelium that was clearly visible as being connected to one of them (Brockhoff 1985). Photo-
micrographs of Pteridium esculentum from this study are shown in Brockhoff and Allaway (1988).

Results and Discussion

Thirty-six species of vascular plants were found to have at least vesicles and internal
and external hyphae, identifying them as possessing vesicular-arbuscular mycorrhizas
(Table 1). Of these species, 21 showed arbuscules in addition, and 16 showed intracellu-
lar hyphal coils (Table 1). In these circumstances — VAM in 90% of all species sam-
pled, 85% having more than 10% of the root length infected by VAM fungi — it is
difficult to find trends in the results. There seem to be no trends by plant family, and
contrasting VAM status was found even in species within the same genus (Ipomoea,
Table 1). There seems to be no evidence of a latitudinal trend. There is little discernible
relationship between the niche occupied by plant species and VAM status (compare
species of the thinly vegetated seafront part of the foredune, Ammophila arenaria,
Festuca littoralis, Spinifex sericeus, Carpobrotus glaucescens, Hydrocotyle bonariensis,
Cakile maritima, Ipomoea brasiliensis and Canavalia rosea, with the others found in
more densely vegetated areas). Introduced species were in the ratio 9 with VAM to 1
where VAM was not observed, similar to the overall proportions. The average pro-
portion of root length with VAM fungal infection, taken over 38 samples, each of one
plant species, was about 40% (Table 1, omitting Casuarina equisetifolia and
Leucopogon parviflorus, where the roots did not clear well enough, and Banksia
integrifolia, where proteoid and non-proteoid roots were assessed separately and there-
fore no overall proportion was available).

In four species we did not find evidence of VAM (Carex pumila, Hydrocotyle
bonariensis, Ipomoea brasiliensis and Acacia longifolia var. sophorae), although failure
to find VAM in these single samples cannot be generalised to an absence of VAM from
those species. Brockhoff (1985), who examined many samples, found variable, low
levels of VAM fungal infection in Acacia longifolia var. sophorae in sand-dunes at
Bridge Hill, also on the New South Wales coast (Brockhoff and Allaway 1988). Acacia
longifolia var. sophorae possessed root nodules.

In Isolepis nodosa (Cyperaceae), we found extensive VAM with arbuscules, vesicles
and coils, but we did not find VAM in Carex pumila, a member of the same family.
Powell (1975) reported endomycorrhizas in about 37% of species and 18% of samples
of Juncaceae and Cyperaceae in New Zealand, and our results are consistent with this.
Unexpectedly, vesicles as well as internal and external hyphae were recorded in non-
proteoid roots of Banksia integrifolia. Apparently this species can simultaneously
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employ two root specialisations — one symbiotic, and the other the proteoid roots
(Lamont 1982) more characteristic of the Proteaceae. Further results on this species will
be reported elsewhere. Again, unexpected was the presence of extensive VAM in the
strand-line brassicaceous species Cakile maritima. Brassicaceae had been thought of as
a non-mycorrhizal family (Harley and Smith 1983), although the occurrence of VAM
is becoming more widely recorded [see Peterson ef al. (1985), in whose study VAM was
not, however, observed in Cakile edentula growing in a calcareous sand].

Casuarina equisetifolia was observed to have both root-nodules and VAM. This is
consistent with the observations of VAM in this species by Peterson er a/l. (1985). How-
ever, the roots of this species did not clear sufficiently, to allow the extent of VAM to
be quantitatively assessed. Roots of Leucopogon parvifiorus (Epacridaceae) also did not
clear well enough for assessment, although it was possible to detect ericoid mycorrhizas
in the hair-roots of this species. Apart from Carpobrotus glaucescens and Dianella
caerulea, in which very little VAM was found, all the remaining species had more than
10% of the root length infected by VAM fungi (Table 1).

The samples assessed so far have been only one sample of each species, and they thus
form a checklist rather than a quantitative estimate of a representative or random
sample of the vegetation of N.S.W. coastal dunes. However, the relatively high pro-
portion of species in which VAM was detected may reflect a high mycorrhizal status in
the plants of the dunes (cf. Koske ef a/. 1975, Koske and Halvorson 1981). Sand-dune
soils are likely to be initially poor in plant nutrients, subject to severe leaching, and to
have a poor water-holding and nutrient-holding capacity; in these circumstances the
possession of VAM may be an important factor in plant survival (Koske and Polson
1984). Additionally, vesicular-arbuscular mycorrhizal fungi can be involved in forma-
tion of soil aggregates in sand-dune soils (Koske et a/. 1975; Sutton and Sheppard 1976;
Forster and Nicolson 1981) and this is likely to have significance for the management
of beach dune vegetation. Maintenance of the mycorrhizal nature of the plants is likely
to be very important in management of dunes, and practices such as continuing fertiliser
application — which may result in high phosphate levels, which tend to suppress
mycorrhizal infection (Mosse and Phillips 1971) — may be counterproductive in this
respect.
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