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Abstract Numerous publications have reported
growth stimulation of Eucalyptus following ectomy-
corrhizal inoculation in nursery or field conditions. Al-
though Eucalyptus species can also form arbuscular
mycorrhiza, their dependency on this type of mycorrhi-
za is still debatable. This paper presents information on
the effect of inoculation of arbuscular mycorrhizal fun-
gi on eucalypt growth. Twenty weeks after mycorrhizal
inoculation, Eucalyptus seedlings’ stem dry weight
could be increased up to 49% compared to non-inocu-
lated control plants. Intensity of root colonization by a
given fungus depended on the host species, but it was
not related to a plant growth response. Leaf phospho-
rus concentration of non-inoculated Eucalyptus seed-
lings varied greatly between species. Increases in leaf
phosphorus concentration following mycorrhizal infec-
tion were not necessarily associated with plant growth
stimulation. The most mycorrhiza-dependent Eucalyp-
tus species tended to be those having the highest leaf
phosphorus concentration in the absence of a fungal
symbiont. These mycorrhiza-dependent Eucalyptus
species seem to have greater phosphorus requirements
and consequently to rely more on the symbiotic asso-
ciation.
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Introduction

Many attempts have been made to improve eucalypt
plantation productivity through fertilization, breeding
programs or controlled mycorrhizal inoculation. The
genus Eucalyptus forms both arbuscular mycorrhizas
and ectomycorrhizas on the same root system or even
on the same root (Chilvers et al. 1987; Boudarga et
al.1990). The anatomy, ecology and physiology of Eu-
calyptus ectomycorrhizas have been extensively stud-
ied. However, studies on Eucalyptus arbuscular my-
corrhizas are fairly recent, with the first controlled syn-
thesis by Malajczuket al. in 1981 and the first ultrastruc-
tural study by Boudarga and Dexheimer in 1988.

Whilst there have been some reports of growth stim-
ulation of Eucalyptus species inoculated with ectomy-
corrhizal fungi in nurseries and in plantations (Garbaye
et al. 1988; Grove et al. 1991), Eucalyptus growth re-
sponses to inoculation with arbuscular mycorrhizal fun-
gi remains controversial. Lapeyrie and Chilvers (1985)
suggested that arbuscular mycorrhizas of E. dumosa
contributed largely to tolerance of calcareous soil and
stimulated growth, because they were the dominant
type of mycorrhiza on roots of 2-month-old plants.
Schoeneberger (1984) found that Gigaspora margarita
was able to stimulate the growth of 4-month-old E. reg-
nans. In contrast, none of 30 arbuscular mycorrhizal
isolates tested was able to stimulate growth of eight dif-
ferent Eucalyptus species up to 3 months after inocula-
tion (Gomez et al. 1987). More recently, arbuscular my-
corrhizal inoculation was found to have no effect on E.
grandis growth, and even to have a depressive effect on
plant growth when inoculum was added to ectomycor-
rhizal inoculum, as compared with exclusively ectomy-
corrhizal plants (Amorim and Muchovej, cited by La-
peyrie et al. 1992; Muchovej and Amorim 1990).

This study presents data on the response of 11 Euca-
lyptus species to arbuscular mycorrhizal inoculation.
Mycorrhizal dependency of these species was deter-
mined and related to specific phosphorus requirement.
Mycorrhizal dependency of the eucalypt species was
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Table 1 Mycorrhizal root
length (% of total root length)
of 11 Eucalyptus species, 20
weeks after inoculation with
three Glomus species (mean
of six replicatesBconfidence
interval, Pp0.05; – missing
observation)

Eucalyptus species Glomus species

G. intraradices G. mosseae G. caledonium

E. dives 10B1 14B1 7B2

E. viridis 0 11B1 —

E. bosistoana 6B3 17B2 —

E. dumosa 4B1 1B0.5 —

E. delegatensis 36B1 28B2 24B2

E. largiflorens 54B3 7B2 2B1

E. urophylla 80B5 12B1 —

E. gomphocephala 54B3 — 0

E. macarthurii 38B2 31B2 —

E. viminalis 15B2 16B3 0

E. globulus 47B3 58B5 0

defined as “the degree to which a plant is dependent on
the mycorrhizal conditions to produce its maximum
growth or yield at a given level of soil fertility” (Gerde-
mann 1975).

Materials and methods

Host plants and fungi

Eleven Eucalyptus species were used: E. dives Schauer, E. delega-
tensis R. T. Bak., E. globulus Labill., E. viminalis Labill., E. largi-
florens F. Muell., E. gomphocephala D. C., E. dumosa A. Cunn.
ex Schau., E. viridis R. T. Bak., E. bosistoana F. Muell., E. uro-
phylla S. T. Blake and E. macarthurii Deane et Maiden. Seeds
were germinated in plastic pots over a peat moss-vermiculite mix-
ture (50/50).

Three arbuscular mycorrhizal fungi were used: Glomus intra-
radices Schenck and Smith (isolate CP103/CP), G. mosseae (Ni-
colson and Gerdemann) Gerdemann and Trappe (isolate CP101/
VF) and G. caledonium (Nicolson and Gerdemann) Trappe and
Gerdemann (isolate CP105/VF). These strains were propagated
in a greenhouse, on leeks maintained in plastic pots containing
1500 cm3 Terragreen, a calcined clay (Plenchette and Perrin
1992), and watered with 10 ml per week of Long Ashton nutrient
solution (Hewitt 1966), the composition of which is as follows (mg
l–1): N, 166; P, 41; K, 156; Ca, 159; Mg, 36; S, 48; Mn, 0.55; Cu,
0.064; Zn, 0.065; B, 0.54; Cl, 3.5; Mo, 0.048; Fe, 2.8.

Experimental protocol

The experiment was carried out in plastic pots containing 1300
cm3 Terragreen. A 5-week-old Eucalyptus seedling was trans-
planted into each pot. The fungal inoculum consisting of colo-
nized leek roots (1 g of fresh leek roots per plant) plus spores
(about 20 spores per plant), was introduced into the planting
hole. Before inoculation, colonized leek roots were surface disin-
fected for 5 min in a chloramine T (2%) mercryl (10%) solution.
The spores were collected from the potting substrate of the leeks
by wet sieving (125 mm) and decanting (Gerdemann 1955). The
non-inoculated seedlings received boiled leek roots (20 min at
100 7C) and filtered spore washings (~10 mm).

Pots (10 replicates for each treatment) were kept in a green-
house with a supplement of artificial light (280 mmol s–1 m–2) (16-
h day; 28 7C day, 15 7C night). Control and inoculated seedlings of
each Eucalyptus species were fully randomized in a block design

and redistributed randomly once a week. Blocks were randomly
redistributed in the glasshouse every 15 days. The seedlings were
watered as necessary, avoiding excessive drainage and were fertil-
ized once a week with 10 ml of Long Ashton nutrient solution. By
the end of the experiment, each pot had received 8.2 mg of phos-
phorus.

Harvesting and measurements

Twenty weeks after inoculation, plant height was recorded and
seedlings harvested. The roots were cleared in 10% KOH and
stained with acid fuchsin to assess mycorrhizal infection (Phillips
and Hayman 1970) using the “gridline intersect” method (Giov-
annetti and Mosse 1980). Shoots were oven-dried over 18 h. Stem
dry weights were recorded, and leaf phosphorus contents were
determined colorimetrically (Charlot 1966). Data were analyzed
statistically using Duncan’s test (P~0.05) when significant
ANOVA results were found (SAS Institute 1987), and mycorrhi-
zal dependency (MS) was calculated according to Plenchette et al.
(1983):

MDp

mycorrhizal plant stem dry weightP
non-mycorrhizal plant stem dry weight

mycorrhizal plant stem dry weight
!100

Results and discussion

Root colonization

Each Eucalyptus species studied was infected by at
least one fungal strain (Table 1). The extent of root in-
fection, when successful, varied from 1% of total root
length to 80% (E. urophylla/G. intraradices). Root col-
onization by a given fungus varied greatly depending
on the host species and this might be related to specific
interactions between the mycorrhizal fungus and host
species. However, variation in the ecological specificity
of the eucalypt species cannot be ruled out, as only one
experimental condition has been tested. In this experi-
ment, E. dumosa and E. viridis formed only limited my-
corrhizal infection.
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Fig. 1 Influence of inoculation by arbuscular mycorrhizal fungi
(l//// Glomus intraradices, l333 G. mosseae, l\\\\ G. caledonium, L non-
inoculated control) on growth (height) of 11 Eucalyptus species
harvested after 20 weeks. For a given Eucalyptus species, columns
labelled with the same letter do not differ significantly (Duncan’s
multiple range test, P~0.05)

Seedling growth

Twenty weeks after mycorrhizal inoculation, most spe-
cies tested showed a significant growth stimulation
compared to control plants (Figs. 1, 2). The increase in
plant height reached 44% (E. bosistoana/G. mosseae)
while stem dry weight was increased by up to 49% (E.
dives/G. caledonium).

Plant growth stimulation was not related to the ex-
tent of root colonization (rp0.17). Indeed, E. urophyl-
la, E. gomphocephala and E. globulus did not show any
significant growth stimulation despite high root coloni-
zation (80% of root length for E. urophylla/G. intrara-
dices, 54% for E. gomphocephala/G. intraradices and
58% for E. globulus/G. mosseae). Conversely, only 7%
of E. dives root length was infected by G. caledonium,
but its stem dry weight was increased by 49%. The
same trend – absence of correlation between mycorrhi-
zal infection and plant growth responses – has been ob-
served with various arbuscular mycorrhizal associations
(Lambert et al.1980; Powell 1980; Saif 1987).

Leaf phosphorus concentration

Leaf phosphorus concentration of 20-week-old non-
inoculated Eucalyptus seedlings varied greatly accord-
ing to species (Table 2). Such interspecific variability
has been reported previously (Barrow 1977; Mulligan
1988), as has intraspecific variability (Mulligan and
Sands 1988). Here, leaf phosphorus concentration
ranged from 810 mg g–1 dry weight (E. globulus) to
2765 mg g–1 dry weight (E. dives). These values are in
the range of those published by Dell and Robinson
(1993), when Eucalyptus seedlings were raised in ade-
quate phosphorus nutrition conditions.

Following mycorrhizal inoculation of E. dives, E. bo-
sistoana, E. viminalis, E. largiflorens and E. delegatensis
with one or two fungal strains, leaf phosphorus concen-
tration was significantly increased, by up to 41% (E.
dives inoculated with G. mosseae) (Fig. 3). Such phos-
phorus accumulation in Eucalyptus seedlings has pre-
viously been reported together with growth stimulation
following ectomycorrhizal inoculation (Heinrich and
Patrick 1986; Heinrich et al. 1988; Bougher et al. 1990).
However, increases in leaf phosphorus concentration
and intensity of arbuscular mycorrhizal infection were
not correlated (rp0.15); for example, only 14% of E.
dives root length was infected by G. mosseae, while leaf
phosphorus concentration increased by 41%. Some eu-
calypt species studied here (E. viridis, E. dumosa, E.
urophylla, E. gomphocephala, E. macarthurii, E. globu-
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Fig. 2 Influence of inoculation by arbuscular mycorrhizal fungi
(l//// Glomus intraradices, l333 G. mosseae, l\\\\ G. caledonium, L non-
inoculated control) on growth (stem dry weight) of 11 Eucalyptus
species harvested after 20 weeks. For a given Eucalyptus species,
columns labelled with the same letter do not differ significantly
(Duncan’s multiple range test, P~0.05)

lus) did not accumulate significantly more phosphorus
in leaves per unit mass as a result of endomycorrhizal
inoculation (Fig. 3).

Increases in leaf phosphorus concentration were not
always associated with plant growth stimulation (height
and/or stem dry weight). Four different responses were
observed: increase in leaf phosphorus concentration as-
sociated with growth stimulation (E. dives/G. mosseae;
E. delegatensis/G. intraradices; E. viminalis/G. intrara-
dices; E. bosistoana/G. mosseae; E. largiflorens/G. cale-
donium), increase in leaf phosphorus concentration
without a growth stimulation (E. delegatensis/G. mos-
seae; E. largiflorens/G. intraradices), no increase in leaf
phosphorus concentration, but stimulated growth (E.
dives/G. caledonium; E. delegatensis/G. caledonium; E.
viminalis/G. mosseae; E. bosistoana/G. intraradices; E.
macarthurii/G. intraradices; E. dumosa/G. intraradices;
E. viridis/G. mosseae), and, in the remaining cases, no
increase in either leaf phosphorus concentration or
growth. Such observations suggest that under the pres-
ent experimental conditions phosphorus is not limiting
growth of all Eucalyptus species investigated. More-
over, for a given Eucalyptus species (e.g. E. delegaten-
sis), growth stimulations (Figs. 1, 2), occurring either
together with phosphorus nutrition improvement (e.g.
E. delegatensis/G. intraradices) or not (e.g. E. delegaten-
sis/G. caledonium) (Fig. 3), are not significantly differ-
ent from each other, confirming that phosphorus is not
the only growth-limiting factor. Most Eucalyptusspecies
responded differently to mycorrhizal infection depend-
ing on the fungal strain inoculated (growth stimulated
or not, with or without leaf phosphorus concentration
increase), confirming, as expected, that the functioning
of the symbiotic association is under both seedling and
fungal control.

Mycorrhizal dependency

For a given fungus, mycorrhizal dependency (MD) val-
ues varied depending on the host species (Table 3).
Such variation between species or even between culti-
vars has been frequently noticed (Menge et al. 1978;
Azcon and Ocampo 1981; Plenchette et al. 1983; Pope
et al. 1983; Hetrick et al. 1988). MD values obtained in
this study with Eucalyptus, which did not exceed 34%
(E. dives/G. caledonium), appear moderate or low
when compared with values reported for highly de-
pendent plant species (Plenchette et al. 1983; Saif
1987). Nevertheless, comparisons must be made cau-
tiously, as the experimental conditions were not identi-
cal. Considering Baylis’ hypothesis (1975), such a low
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Table 2 Leaf phosphorus concentration of 11 Eucalyptus species
harvested after 20 weeks. Means followed by the same letters do
not differ significantly (Duncan’s multiple range test, P~0.05)

Species Leaf phosphorus (ppm)

E. dives 2765a

E. viridis 2501ab

E. bosistoana 2010 bc

E. dumsosa 1783 cd

E. delegatensis 1533 cde

E. largiflorens 1339 def

E. urophylla 1177 def

E. gomphocephala 1075 ef

E. macarthurii 981 ef

E. viminalis 870 f

E. globulus 810 f
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Fig. 3 Influence of inoculation by arbuscular mycorrhizal fungi
(l//// Glomus intraradices, l333 G. mosseae, l\\\\ G. caledonium, L non-
inoculated control) on leaf phosphorus concentration (ppm) of
eleven Eucalyptus species harvested after 20 weeks. For a given
Eucalyptus species, columns labelled with the same letter do not
differ significantly (Duncan’s multiple range test, P~0.05)

arbuscular mycorrhizal dependency of Eucalyptus
could be expected, as most species have a highly
branched root architecture, with numerous fine roots
and long root hairs (Baylis 1972, 1975; St John 1980;
Hetrick et al. 1988; Manjunath and Habte 1991). Nev-
ertheless, this might not be the only explanation. In-
deed, according to Rajapakse and Miller (1988) only
27% of intraspecific MD variation was explained by
cowpea root morphology, and other plant models
which do not conform to Baylis’ hypothesis have been
reported (Schultz et al. 1979; Saif 1987).

The Eucalyptus species most dependent on arbuscu-
lar mycorrhizal infection tended to be having the high-
est leaf phosphorus concentration in the absence of a
fungal symbiont (E. dives, E. viridis, E. bosistoana),
while the less dependent ones were among those hav-
ing the lowest leaf phosphorus concentration (E. globu-
lus, E. urophylla, E. gomphocephala) (Fig. 4). The my-
corrhiza-dependent Eucalyptus species seem to have
greater phosphorus requirements and consequently to
rely more on the symbiotic association to satisfy these
requirements. To date we have been unable to find any
published report of such a relationship among mycorr-
hizal plant species.

In situ, Eucalyptus roots are infected together by
both arbuscular mycorrhizal and ectomycorrhizal fungi.
Comparisons of the arbuscular mycorrhizal and ecto-
mycorrhizal dependency of each species under different
ecological conditions would help us to understand how
both types of mycorrhizal fungi interact within the
same root system.



134

Table 3 Mycorrhizal depend-
ency values (Plenchette et al.
1983) calculated from stem
dry weights of 20-week-old
seedlings of 11 Eucalyptus
species, inoculated or not with
three different arbuscular my-
corrhizal fungi (– missing ob-
servation)

Eucalyptus species Glomus species

G. intraradices G. mosseae G. caledonium

E. dives 0 18 34

E. viridis 0 30 —

E. bosistoana 27 26 —

E. dumosa 14 0 —

E. delegatensis 20 0 26

E. largiflorens 0 0 0

E. urophylla 0 0 —

E. gomphocephala 0 — 0

E. macarthurii 14 0 —

E. viminalis 0 15 0

E. globulus 0 0 0
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Fig. 4 Relationship between leaf phosphorus concentrationof 11
Eucalyptus species (assessed on 20-week-old non-inoculated see-
dlings) and their maximum mycorrhizal dependency value deter-
mined following infection by either G. intraradices or G. mosseae
(rp0.73; software: Cricket Graph 1.3.1.F)

Acknowledgements This research was supported in part by the
“Programme de Coopération Inter-Universitaire Franco-Algér-
ien”.

References

Azcon R, Ocampo JA (1981) Factors affecting the vesicular-ar-
buscular infection and mycorrhizal dependency of thirteen
wheat cultivars. New Phytol 87 :677–685

Barrow NJ (1977) Phosphorus uptake and utilisation by tree see-
dlings. Aust J Bot 25 :571–584

Baylis GTS (1972) Fungi, phosphorus and the evolution of root
systems. Search 3 :257–258

Baylis GTS (1975) The magnolioid mycorrhiza and mycotrophy
in root systems derived from it. In: Sanders FE, Mosse B,
Tinker PB (eds) Endomycorrhizas. Academic Press, New
York, pp 373–389

Boudarga K, Dexheimer J (1988) Etude ultrastructurale des en-
domycorhizes à vésicules et arbuscules de jeunes plants d’Eu-
calyptus camaldulensis (Denhardt) Myrtacées. Bul Soc Bot Fr
135 :111–121

Boudarga K, Lapeyrie F, Dexheimer J (1990) A technique for
dual vesicular arbuscular endomycorrhizal, ectomycorrhizal
infection of Eucalyptus in vitro. New Phytol 114 :73–76

Bougher NL, Groves TS, Malajczuk N (1990) Growth and phos-
phorus acquisition of Karri (Eucalyptus diversicolor F Muell)
seedlings inoculated with ectomycorrhizal fungi in relation to
phosphorus supply. New Phytol 114 :77–85

Charlot G (1966) Les méthodes de la chimie analytique. Masson,
Paris

Chilvers GA, Lapeyrie FF, Horan DP (1987) Ectomycorrhizal vs
endomycorrhizal fungi within the same root system. New Phy-
tol 107 :441–448

Dell B, Robinson M (1993) Symptoms of mineral nutrient defi-
ciencies and the nutrient concentration ranges in seedlings of
Eucalyptus maculata Hook. Plant Soil 155/156 :255–261

Garbaye J, Delwaulle JC, Diangana D (1988) Growth response of
eucalypts in the Congo to ectomycorrhizal inoculation. For
Ecol Manage 24 :151–157

Gerdemann JW (1955) Relation of a large soil borne spore to
phycomycetous mycorrhizal infection. Mycologia 47 :619–623

Gerdemann JW (1975) Vesicular arbuscular mycorrhizae. In:
Torrey JG, Clarkson DT (eds) The development and function
of roots. Academic Press, London, pp 575–591

Giovannetti M, Mosse B (1980) An evaluation of techniques for
measuring VA mycorrhizal infection in roots. New Phytol
84 :489–500

Gomez TCR, Faria LP, Lin MT (1987) Mycorrhization of eight
species of eucalypts with VAM fungi. In: Sylvia DM, Hung
LL, Graham JH (eds) Mycorrhizae in the next decade: practi-
cal applications and researchpriorities (7th NACOM). Gaines-
ville University, Florida, p 125

Grove TS, Malajczuk N, Burgess T, Thomson B, Hardy G (1991)
Growth responses of plantation Eucalyptus to inoculation
with selected ectomycorrhizal fungi. In: Schönau APG (ed)
Symposium on intensive forestry: the role of Eucalyptus. Dur-
ban, South Africa, pp 86–93

Heinrich PA, Patrick JW (1986) Phosphorus acquisition in the
soil root system of Eucalyptus pilularis Smith seedlings. II.
The effect of ectomycorrhizas on seedling phosphorus and dry
weight acquisition. Aust J Bot 34 :445–454

Heinrich PA, Mulligan DR, Patrick JW (1988) The effect of ecto-
mycorrhizas on the phosphorus and dry weight acquisition of
Eucalyptus seedlings. Plant Soil 109 :147–149

Hetrick BAD, Kitt DG, Wilson GT (1988) Mycorrhizal depend-
ence and growth habit of warm-season and cool-season tall-
grass prairie plants. Can J Bot 66 :1376–1380



135

Hewitt EJ (1966) Sand and water culture methods used in the
study of plant nutrition. Technical Communication 22 (2nd
edn, revised), Commonwealth Agricultural Bureau, London,
pp 430–434

Lambert DH, Cole H Jr, Baker DE (1980) Variation in the re-
sponse of alfalfa clones and cultivars to mycorrhizae and phos-
phorus. Crop Science 20 :615–618

Lapeyrie F, Chilvers GA (1985) An endomycorrhiza ectomycorr-
hiza succession associated with enhanced growth of Eucalyp-
tus dumosa seedlings planted in a calcareous soil. New Phytol
100 :93–104

Lapeyrie F, Garbaye J, de Oliveira V, Bellei M (1992) Controlled
mycorrhization of eucalypts. In: Read DJ, Lewis DH, Fitter
AH, Alexander IJ (eds) Mycorrhizas in ecosystems. CAB In-
ternational, Wallingford, UK, pp 293–299

Malajczuk N, Linderman RG, Kough J, Trappe JM (1981) Pres-
ence of vesicular-arbuscular mycorrhizae in Eucalyptus spp.
and Acacia sp. and their absence in Banksia sp. after inocula-
tion with Glomus fasciculatus. New Phytol 87 :567–572

Manjunath A, Habte M (1991) Root morphological characteris-
tics of host species having distinct mycorrhizal dependency.
Can J Bot 69 :671–676

Menge JA, Johnson ELV, Platt RG (1978) Mycorrhizal depend-
ency of several citrus cultivars under three nutrient re-
gimes.New Phytol 81 :553–559

Muchovej RMC, Amorim EFC (1990) Development and effect of
endo- and ectomycorrhizal fungi on seedlings of Eucalyptus
grandis. In: Abstracts of the 8th NACOM, Jackson, Wyo,
p 251

Mulligan DR (1988) Phosphorus concentrations and chemical
fractions in Eucalyptus seedlings grown for a prolonged peri-
od under nutrient deficient conditions. New Phytol
110 :479–486

Mulligan DR, Sands R (1988) Dry matter, phosphorus and nitrog-
en partitioning in three Eucalyptus species grown under a nu-
trient deficit. New Phytol 109 :21–28

Phillips JM, Hayman DS (1970) Improved procedures for clearing
and staining parasitic and vesicular-arbuscular mycorrhizal
fungi for rapid assessment of infection. Trans Br Mycol Soc
55 :158–161

Plenchette C, Perrin R (1992) Evaluation in the greenhouse of
the effects of fungicides on the development of mycorrhiza on
leek and wheat. Mycorrhiza 1 :59–62

Plenchette C, Fortin JA, Furlan V (1983) Growth responses of
several plant species to mycorrhizae in a soil of moderate P
fertility. I. Mycorrhizal dependency under field conditions.
Plant Soil 70 :199–209

Pope PE, Chaney WR, Rhodes JD, Woodhead S (1983) The my-
corrhizal dependency of four hardwood tree species. Can J
Bot 61 :412–417

Powell CL (1980) Phosphate response curves of mycorrhizal and
non mycorrhizal plants. I. Responses to superphosphate. N Z
J Agri Res 23 :225–231

Rajapakse S, Miller JC (1988) Relationship between cowpea root
systems and mycorrhizal dependency. Hort Sci 23 :568–570

Saif SR (1987) Growth responses of tropical forage plant species
to vesicular arbuscular mycorrhizae. Plant Soil 97 :25–35

SAS Institute (1987) SAS/STAT guide for personal computers,
version 6. SAS Institute Inc., Cary, NC

Schoeneberger MM (1984) Endophytes of Eucalyptus. In: Molina
R (ed) Abstracts of 6th NACOM, Bend, Ore, p 444

Schultz RC, Kormanik PP, Bryan WC (1979) Vesicular-arbuscu-
lar mycorrhizae influence growth but not mineral concentra-
tions in seedlings of eight sweetgum families. Can J For Res
9 :218–223

St John TV (1980) Root size, root hairs and mycorrhizal infec-
tion: a re-examination of Baylis’s hypothesis with tropical
trees. New Phytol 84 :483–487


