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Foreword

Casuarina equisetifolia is widely grown throughout the tropics. It is a multi-purpose
species, providing a range of products and services, from fuelwood to shelter and
erosion control.

Australian species often form an important component of agroforestry in developing
countries and wider use of this resource can bring assured benefits, especialy in the
more difficult situations of water stress and other environmental extremes, or where
nitrogen accretion, tree fodder production and soil stabilisation are critical.

Some Casuarina species grow (often rapidly) over a wide range of sites, including
arid and saline areas, many yield excellent firewood and some can be vegetatively
propagated. ACIAR has supported projects to identify Casuarina species with poten-
tial for fuelwood, agroforestry and soil conservation.

The results published in this report have been collected from trials over many years.
They reveal a considerable amount of genetic variation between provenances and
provide important information for people interested in agroforestry and fuelwood
production in the tropics and subtropics.

This publication is number 58 in ACIAR’s Technical Reports series. More informa-
tion about ACIAR publicationsis available on our website at <www.aciar.gov.au>.

e, Coe

Peter Core
Director
Australian Centre for International Agricultural Research
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Preface

Casuarina equisetifolia is one of the most extensively planted exotic species in a
large number of tropical and subtropical areas. It is a true multipurpose species, pro-
viding arange of services and products for industrial and local end users. It is of con-
siderable importance for agroforestry systems and reclamation of unstable coastal
ecosystems. Its wood has many uses but is renowned for fuel.

Following arecommendation of the Food and Agriculture Organization of the United
Nations' (FAQO's) Panel of Experts on Forest Gene Resources, range-wide prove-
nance seed collection and provenance trials were coordinated by the Commonwealth
Scientific and Industrial Research Organisation (CSIRO) Australian Tree Seed
Centre. With 37 collaborators from 26 countries involved, it is among the largest
international efforts in evaluation of provenance variation within a species. Apart
from contributions from collaborating countries, the Australian Agency for Interna-
tional Development (AusAID) and the Australian Centre for International Agricul-
tural Research (ACIAR) provided core funding for most of the activities.

The results of this international collaboration are synthesised in this technical report.
It is hoped that the information on provenance performance is useful for al those
concerned with the planting of C. equisetifolia.

K. Pinyopusarerk
A. Kalinganire
E.R. Williams
K.M. Aken

CSIRO Forestry and Forest Products
Canberra 2004
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Summary

The Commonwealth Scientific and Industrial Research Organisation (CSIRO) Aus-
tralian Tree Seed Centre (ATSC) coordinated a series of 38 international provenance
trials of Casuarina equisetifolia subsp. equisetifolia which was established during
1992-1994 in 20 countries involving 60 seed sources of natural provenances and
land races. The origins of these seed sources are categorised into five broad regions,
namely:

1

o wDd

natural distribution in Australia and the Pacific
natural distribution in Southeast Asia
locations of introductionsin Asia

locations of introductionsin Africa

locations of introductionsin Central America.

These provenance trials were assessed for 14 growth and morphological char-

acteristics:

growth

— height

— diameter

stem form

— axis persistence

— stem straightness

branching habit (permanent branches)
— density

— thickness

—angle

— length

branching habit (deciduous branchlets)
— length

— thickness

health

— stem damage

— foliage damage

reproduction

— flowering

— fruiting.

The collected data were forwarded to the ATSC for processing and after initial

perusa of their quality, datafrom 25 trials were selected for analysis of individual trials
and site-by-provenance interaction. Multiple regression analysis was performed to
investigate the influence of environmental factors (i.e. latitude, longitude, atitude and
rainfall) on provenance behaviour. In addition, a principal component analysis was
conducted to determine if there was any pattern in the variation.
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The results reveal a considerable amount of genetic variation among prove-

nances and land races of C. equisetifolia. There was evidence of a site-by-provenance
interaction although it was not as large as what would be expected from a large and
diverse number of seed sources. In general, much of the variation between prove-
nances could be better explained by country or provenance-region effects. This was
further strengthened by the results obtained from the principal component analysis
which revealed a separation between natural provenances from Southeast Asia and
Australia/lPacific, and a separation between introduced populations from Asia and

Africa

Based on results at country and regional levels, the following general trends

were apparent:

Natural provenances from Southeast Asia and land races from Asia were
generally more vigorous, while natura provenances from the
Australia/Pacific region grew slowest. However, a few individual seedlots
from Australia/Pacific and Africawere also fast-growing.

Most seed sources had good axis persistence (i.e. good length of bole) but
trees from planted-stand seed sources scored better in terms of stem
straightness. The better stem form among the introduced populations could be
attributed to recurrent selection of trees of good form in plantations for seed
collection.

Although there were differences in the branching habit among seed sources of
C. eguisetifolia, in general trees were densely branched with horizontally
angled branches. These characteristics, together with the fine needle-like
branchlets, underline the suitability of its planting for windbreaks in coastal
aress.

Although there was little evidence of any provenance variation in flowering,
populations introduced to Asia and Africa appeared to flower more
intensively than those from other regions, especialy those from the natural
distribution range in Australia/Pacific and Southeast Asia.
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1 Introduction

There are two subspecies of Casuarina equisetifolia (L): subsp. incana and subsp.
equisetifolia (Wilson and Johnson 1989). The former istypically asmall tree or large
shrub, 6-10 m tall, that grows exclusively in Vanuatu and along the coast of Queens-
land and northern New South Wales in Australia. The latter is a small to large tree
(8-35 mtall) that has awide natural distribution in subtropical and tropical coastlines
from northern Queensland and the Northern Territory in Australia, throughout south-
ern Thailand, Malaysia (Peninsular Malaysia, Sabah and Sarawak), the Philippines,
Indonesia, Melanesia and Polynesia (see Figure 1). Casuarina equisetifolia, in partic-
ular subsp. equisetifolia, has been introduced into a large number of countries, and is
now a common feature of the coastal |andscape of most tropical and warm subtropi-
cal countries, where it is often naturalised. This report is mainly concerned with
subsp. equisetifolia, and the following refers to that taxon only.

In its natural range, C. equisetifolia is commonly confined to a narrow strip
adjacent to sandy coasts, usually from sealevel to 100 m above sealevel. It isfound
on sand dunes, in sand alongside estuaries behind foredunes and gentle slopes near
the sea. It may be found at the leading edge of dune vegetation, subject to salt spray
and inundation with sea water at extremely high tides. Soils are invariably well
drained and rather coarse textured, principally sands of 2 m or more in depth. It
tolerates both calcareous and slightly alkaline soils and is intolerant of waterlogging.

Within its natural range, the climate is hot humid to subhumid, with no frosts
and rainfall between 700 mm and 4000 mm per annum. In most regions, there is a
distinct dry season period of 6-8 months, although towards the equator in Southeast
Asiaand within part of the species’ range in Australia, this seasonality decreases and
annual rainfall can be as high as 3500 mm.

The form of C. equisetifolia in wild populationsis very variable, from crooked
low-branching trees on exposed seashores to straight-stemmed forest trees in more
sheltered situations. The crown isfinely branched, with furrowed, needle-like, greyish-
green branchlets bearing minute, reduced, teeth-like leaves in whorls of 7-8 per node.
Branchlets, 15-38 cm long and <1.0-1.5 mm in diameter, are formed by numerous
segments of article each 5-8 mm long. Trees are predominantly dioecious (male and
female flowers occurring on separate trees) with a small percentage being monoecious
(single-sex male and female flowers on the same tree). Male inflorescences occur on
simple, terminal, elongated spikes, 7-40 mm long, borne in whorls with 7-11.5 whorls
per cm of spike. Female flowers are cone-shaped, €lipsoid, 5-10 mm long, and borne
on latera woody branches. Fruiting bodies (cones) are 1024 mm long and 9-13 mmin
diameter. The winged seed (samara) is dull brown, 6-8 mm long.

Casuarina equisetifolia is a nitrogen-fixing tree of considerable social,
economic and environmental importance in tropical/subtropical littoral zones of
Asia, the Pacific, Africa and Central America. It is commonly used in agroforestry
systems, for soil stabilisation and reclamation, and in coastal protection and rehabili-
tation (Figure 2). The wood is dense, and makes very good fuelwood and charcoal as
well as timber for general construction. It is one of the most extensively introduced
tree species outside its natural range, especially into southern China, India, Vietnam,
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East, West and North Africa, Central and South America, the Caribbean and many
Middle Eastern countries. Some of the early introductions, such as those to India and
Vietnam, date back more than a century (Kondas 1983; Ha and Le 1996). There are
300,000 ha of C. equisetifolia plantations in southern China (Zhong and Bai 1996),
500,000 hain India (M. Paramathma 1998, pers. comm.) and 120,000 hain Vietnam
(Ha and Le 1996). The genetic background of the planting material is generally
unknown. Marked variation in growth and branching habit between different popula-
tions has been observed (Pinyopusarerk and House 1993).
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Figurel. Natural distribution of Casuarina equisetifolia subsp. equisetifolia (red line)
and subsp. incana (brown shading).

Casuarina equisetifolia has been given among the highest priorities with
regard to genetic sampling and assessment by the Food and Agriculture Organization
of the United Nations' (FAQO's) Panel of Experts on Forest Gene Resources. The
Second International Casuarina Workshop held in Cairo, Egypt, in January 1990
recommended an international collaborative effort be made to undertake a compre-
hensive collection of seed from the full range of both natural and derived occurrence
(El-Lakany et a. 1991). Following that recommendation, the Commonwealth Scien-
tific and Industrial Research Organisation (CSIRO) Australian Tree Seed Centre
(ATSC) coordinated a range-wide provenance seed collection during 1991-1993,
focusing on the subspecies equisetifolia, with financial support from the Australian
International Development Assistance Bureau (AIDAB), now the Australian Agency
for International Development (AusAlID). More than 30 forest departments and
research ingtitutions in Asia, the Pacific, Central America and Africa assisted in the
collections. Following the collections, seed was distributed for establishment of
replicated trials in the tropical zone of many countries. Field establishment followed
a common guideline (Pinyopusarerk and Chandler 1992), while an assessment
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manual was provided for field measurements (Pinyopusarerk et a. 1995). Apart from
height and diameter, other characteristics such as stem form, branching habit, health
and reproduction were included in the measurements. Early results of asmall number
of these trials were reported at the Third International Casuarina Workshop held in
Vietnam in 1996 (Pinyopusarerk et al. 1996). While growth differed from site to site
following prevailing local environment conditions, there were clear differences
between provenances in most of the growth parameters measured. There were aso
differences in the provenance ranking, indicating possible provenance and environ-
ment interaction.

7 W f

Figure2. Coastal planting of Casuarina equisetifolia in southern
Thailand.

While results have been reported for some of the individua trials by collabo-
rators, the ATSC has used data from selected trials to determine the magnitude of
site-by-provenance interaction. This report discusses overall patterns of provenance
performance in individual trials and an overall analysis across sites of selected trials.
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2 Seed Collection and Distribution

2.1 Seed collection

The aim of the collection was to obtain a broad representation of the species
from throughout the species natural occurrence and locations of introductions.
During 19911993, atotal of 67 seedlots were collected in 21 countries both within
and outside the species’ natural distribution range. Most seedlots included seed from
10 or more parent trees, but some had less because of the small population size.

The origins of these seedlots can be categorised into five broad regions:
natural distribution in Australia and the Pacific (15 seedlots)

natural distribution in Southeast Asia (16 seedlots)

locations of introductionsin Asia (18 seedlots)

locations of introductionsin Africa (15 seedlots)

locations of introductionsin Central America (3 seedlots).

The locations of these collections are shown in Figure 3, and details of the
provenance origins are given in Table 1. Note that two seedlots from Vanuatu and
Tonga are designated as numbers 12 and 12a. The main reason is to keep the prove-
nance numbers in line with those used in an early report of atrial planted in northern
Australia (Pinyopusarerk and Williams 2000).

All seed from the collections was sent to the CSIRO Australian Tree Seed
Centre in Canberrafor registration, storage, viability testing and subsequent dispatch
to collaborators for trial establishment.
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Figure3. Locations of seed collections of Casuarina equisetifolia.
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2.2 Seed distribution

Although 67 seedlots was collected, only 60 were distributed for planting in
this series of trials. The 60 seedlots that were planted were numbered from 1 to 59
including 12a, as shown in Table 1. Numbers 60 to 66 were not included in these
trials because they were either obtained late or had insufficient seed. A few seedlots
were found to have very low viability.

The distribution of seed commenced in 1992, with the majority of the distribu-
tion taking place in 1993. Invitations to participate in the internationally coordinated
trials were sent to all organisations which had assisted in the seed collection as well
as those who were active in casuarina research and development. By the end of 1994,
more than 40 subsets of the seed were dispatched to 37 forestry agenciesin 26 coun-
tries. Most recipients obtained a common set of 28 seedlots representing the main
geographical origins of the seed. The largest subset of 59 seedlots was supplied to a
collaborator in northern Australia.
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3 Trial Establishment

The first series of field trials was established in 1992, followed by the magjority of
trialsin 1993 and some additional trialsin 1994. Guidelines for establishment, main-
tenance and initial measurement were provided to collaborators to ensure standardi-
sation across many trial collaborators and countries. For the majority of these trials,
randomised complete block designs were used with four replicates, plot size of 25-36
trees, and planting distance of 2 ¥ 2 m. In afew cases, latinised row—column designs
were used.

Despite a generous quantity of seed for each provenance being dispatched to
trial collaborators, varying skills in nursery operations resulted in some seedlots
having too few seedlings for planting in some trials. In some cases, some prove-
nances were either not represented in all four replicates or not planted at all. The
majority of thetrials reported were represented by more than 20 seed sources from all
provenance regions.

Collaborators were requested to provide the following information for each

trial:

. contact details

. location

. soil and climate

. management history
. tria layout.

By 1995, up to 38 trials in 20 countries were confirmed established. Some of
these trialswere, however, discontinued after only one or two growing seasons due to
poor survival or damage by fire.
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Figure4. Locations of provenance triasincluded in this report.
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