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Nodulation by Frankia increases growth of Casuarinaceae
in a New Zealand horticultural soil

B. T. BULLOCH

Manaaki Whenua — Landcare Research
Private Bag 11052
Palmerston North, New Zealand

Abstract Casuarina cunninghamiana and C.
glauca are widely used for shelterbelts in New
Zealand and have other utilitarian potential. Their
nitrogen (N)-fixing Frankia symbiont does not occur
naturally in New Zealand soils. Plants nodulated
after artificial inoculation with Frankia culture
HFPCcli were planted on a horticultural-quality
Manawatu silt loam soil near Palmerston North.
After 6-8 years, trees nodulated at planting were
significantly larger in stem diameter and height
(equivalent to 16-61% additional volume) over
trees not nodulated at planting. Nodulated trees
were also rated higher for vigour. Excavation of
root systems revealed that nodules were confined to
the residual zone of potting media around the original
seedling root systems and there was no evidence of
Frankia spreading through the soil to infect nearby
roots. More widespread availability of Frankia
inoculum in the soil being explored by feeder roots
might have increased nodulation and subsequent
tree growth, but New Zealand soil temperatures are
suboptimal for Casuarinaceae nodulation and N
fixation.
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INTRODUCTION

Casuarinaceae (principally Casuarina
cunninghamiana but also C. glauca) are widely
planted for horticultural shelterbelts in the warmer
northerly regions (mean daily temperature, 14°C;
mean daily maximum, 19°C; mean daily minimum,
9°C) of New Zealand. Casuarina cunninghamiana
proved one of the most effective shelter trees during
Cyclone Bola which caused extensive damage to
trees in the northern half of the North Island in 1988
(Wells 1989). Allocasuarina torulosa (syn. C.
torulosa (former Casuarina Adans. species assigned
to Allocasuarina L. Johnson (Johnson 1982)) is
often planted as an amenity or street tree in the same
regions. As evergreen, drought-tolerant and wind-
tolerant trees, with supplementary forage and
speciality timber or fuelwood values, Casuarinaceae
have potential for many other uses for soil
conservation and utility purposes in New Zealand
(Bulloch 1986). Casuarinaceae are relatively slow
growing under New Zealand conditions, but rank
well in comparison to other fuelwood crop species
for calorific value in relation to wood volume (Miller
1989). Some species (e.g., C. glauca) are adapted to
high soil moisture and salt concentrations, and
could be suitable for use in biomass plantations for
effluent disposal. Other uses could include estuarine
bank protection, sand dune revegetation, farm
windbreaks, and hillside stabilisation plantings.
However, performance of Casuarina spp. planted
in trials for soil conservation purposes, typically
involving low-fertility soils and sites subject to
environmental stresses, has generally been
disappointing (e.g., Bulloch 1991).

In their natural habitats (centred on Australia
but extending to Polynesia, South-East Asia, and
India), Casuarinaceae irregularly bear nitrogen (N)-
fixing root nodules induced by a symbiotic
actinomycete of the genus Frankia (Reddell et al.
1986). In New Zealand, Casuarina spp. do not form
root nodules without artificial inoculation. Natural
strains of Frankia infective for Casuarina are thus
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apparently absent from New Zealand soils. This
contrasts with Alnus spp., another introduced
actinorhizal genus, for which an infective and
effective endophyte appears to occur naturally in
New Zealand soils apart from very recent or skeletal
soils (Bulloch 1987). The lack of a N-fixing
symbiosis is probably a major limitation to
Casuarinaceae performance in low-fertility soils.
Even on horticultural-quality sites, natural N fixation
could improve plant performance as many Casuarina
shelterbelts tend to lose vigour if poorly managed.
N-fixing shelter species can enhance quality and
growth of adjacent crops; for example, Alnus
shelterbelts increase the N status of adjacent apple
trees (Delver & Post 1968).

In studies in Australia and Zimbabwe on the
effect of Frankia inoculation on C. cunninghamiana
in field soils, responses depend on provenance,
inoculum source, and availability of soil phosphate
(P) (Reddell et al. 1988). Up to 44 months after
planting, wood volumes of inoculated and responsive
C. cunninghamiana provenances are up to 100%
greater than those of uninoculated plants. However,
on soils with limiting P status, the inoculation effect
is not evident unless P fertiliser is also added.

In pot trials at the Soil Conservation Centre,
Aokautere, C. glauca seedlings growing in low-N
potting media showed a very highly significant
growth response (Bulloch 1987) to artificial
inoculation with Frankia culture HFPCc\2> (Zhang
et al. 1984). In addition to C. glauca and C.
cunninghamiana, its original host, the culture also
proved infective for C. equisetifolia, C. obesa, A.
verticillata (syn. C. stricta), and A. torulosa (syn. C.
torulosa). The trial reported here was designed to
answer scientific and utilitarian questions relating
to Casuarina nodulation under New Zealand
conditions. Would nodulation improve Casuarina
spp. performance on horticultural soils where they
are frequently used? Would nodulation improve
their performance on lower-fertility and less
intensively managed sites? Would uninoculated
plants become infected with inoculum from adj acent
nodulated plants?

METHOD

Frankia cultures grown in vitro are used to artificially
inoculate Casuarinaceae. In this study Frankia strain
HFPCM was grown in axenic culture according to
the methods described in Murry et al. (1984) and
Zhang et al. (1986). For inoculation, the culture was
dispersed in four times its volume of tap water, and

the solution applied in 5-ml aliquots directly to the
roots of Casuarinaceae seedlings growing in low-N
potting media. After inoculation, the plants were
grown on in the glasshouse for later assessment of
nodulation or, for some treatments, planted directly
on to field sites.

To investigate the effect of nodulation on
shelterbelts in horticultural-quality soil, six-plant
rows were planted on Manawatu silt loam at the Soil
Conservation Centre, Aokautere, near Palmerston
North. Rows were spaced 4 m apart with plants 1 m
apart within the rows. Plantings in 1984 comprised
two rows of C. cunninghamiana, three of C.
equisetifolia, 20 of C. glauca (three accessions),
and eight of A. verticillata (two accessions).
Plantings in 1986 comprised eight rows of C.
cunninghamiana, three of C. equisetifolia, two of
C. glauca, one of A. huegeliana (syn. C. huegeliana),
two of A. monolifera (syn. C. monolifera), two of C.
obesa, one of A. torulosa, and three of A. verticillata
(two accessions). The three treatments were:
inoculated in the glasshouse and nodulated at
planting; inoculated at planting; and uninoculated.
Rows of the same accessions were nested together
in sets of the three treatments—where there were
fewer than three rows of an accession, three plants
within a row were assigned to one treatment and
three to another. Soil P was presumed to be not
limiting for plant growth (by inference from the
neighbouring nursery block (each being 0.4 ha),
which in 1985 had an Olsen P of 28 ppm).

The 1984 plantings were measured regularly for
the first 14 months. No further post-planting
measurements were made until December 1992
before the trees were felled. All the C. equisetifolia
had died. A. huegeliana, A. monolifera, and A.
torulosa were excluded from analyses of growth
data because of low survival. Glasshouse inoculation
studies after the inoculation at planting treatment
revealed that the Frankia culture had lost infectivity.
Preliminary analysis of final size disclosed no
difference between uninoculated plants and those
inoculated at planting. Only one nodule of 20 mm
diameter was later detected on plants inoculated at
planting. Thus inoculation at planting was assumed
to have largely failed to induce nodulation, and
subsequent analyses were for only two treatment
effects—nodules either present or absent at planting.

The 1992 measurements were tested for
significance by analysis of variance, with species,
year of planting and presence or absence of nodules
at planting as factors, individual trees being treated
as subsamples within unequally sized plots. Of the


