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Introduction

Taking up a recommendation made by the
MPTS Research Committee in 1991, the first
meeting of the Consultative Group on Research
and Development of Acacias (COGREDA) was
convened June 1-3, 1992 in Phuket, Thailand.
Eightecn experts currently working on acacias in
the fields of trec biology, breeding and
propagation, silviculture, pests, utilization,
cconomics, and marketing attended.

The Group attempted to identify priorities
for improving the contribution of acacias in
community forestry, commercial use of forest
products, and the rehabilitation of degraded lands.
The mecting reviewed past work and expericnce,
and recommended priority arcas for future
rescarch as described in the next section.

Acacia specics, many of which are native
to Australia and Papua New Guinca, have shown
fast growth on a wide range of sites. The genus
includes species that thrive in semi-arid
environments as well as others widely grown in the
humid and sub-humid tropics. This first mecting of

COGREDA focussed on experience with acacias in
the humid and subhumid areas of East Asia and
the Pacific.

In synthesizing these results and charting
future rescarch and development, the Group aimed
to improve the usc of acacias by both communities
and industry, and thereby reduce pressure on
natural forests. The assignment of prioritics was
guided by assessment of processing technologics
and marketing opportunitics as well as the state of
Acacia propagation, silviculture, management, and
community forestry,

Acacia mangium, the most-studied Acacia
in the region, will be the subject of a monograph to
be published in 1993,

The mecting organizers and cditors would
like to acknowledge Mi. Noppadon Prucksawan,
Provincial Forest Officer, Phuket, for hospitality
shown during the meeting, and Ms. Leela
Wauttikraibundit, for administrative and publication
assistance,



Recommendations

The following priority assessment for
research in three areas resulted from the working
groups at the June COGREDA meccting. They are
for Acacia species in East Asia and the Pacific,
primarily the humid/subhumid tropics.

Specles Assessment and Improvement

Table 1 shows the rescarch priorities for
acacia assessment and improvement in the humid
and sub-humid tropics. From the limited ficld
testing conducted in recent years, the following
species are considered best bets’ for development:
A. auriculiformis, A. mangium, A. aulococarpa, and
A. crassicarpa. On a second tier, the following
merit further study: A. leptocarpa, A. oraria, A.
cincinnata, and A. angustissima.

A. mangium and A. auriculiformis
provenance trials have been widely conducted; the
limitation to wider use of these specics now is
availability of improved planting materials. Plus
tree sclection, along with the establishment of sced
production arcas and sced orchards, arc the highest
priorities in the region for these two species.

With increasing interest in A. aulococarpa
and A. crassicarpa, there remains the need for

provenance trials of these species, as well as
greater sced production, Although other species
may be faster-growing, A. leptocarpa has shown fast
growth, particularly in agroforestry systems. Its
light branching and tendency toward single-
stemmed growth also justify its inclusion here.

Table 2 ranks prioritics for studies of
acacia hybrids, also for the humid and sub-humid
tropics. The best-known hybrid, A. mangium x A.
auriculiformis, is at this stage rcady for ficld testing
and clonal tests. Hybrids are very site-sensitive and
sv require tests for suitability before widespread
introduction in any new arca. Other crosses listed
should be studied for their potential before
proceeding to this level of testing,

Although triple crosses can represent even
more important gains in some situations (for
cxample, cocoa in Sabah), they arc m.re laborious
in slower-growing crops. Generally, also, they are
intended to capitalize on gains in fruiting; growth
vigor may be lost.

Criteria for hybrid development would
generally be: (1) growth, (2) timber quality -- bole
length, fewer nodes, side-pruning habit, and (3)
wood density. The fact that crosses dilute some
desirable qualitics al the same time that they

Table 1. Priorities for species assessment and improvement of humid/sub-humid acacias, by specics.

Prov. Sced prod. Plus tree  Seed Progeny  Cutting Tissue

trials area selection orchard  test propagation culture
A. auriculiformis 0 2 3 2 2 0 0
A. mangium 0 2 3 3 3 L 0
A. aulacocarpa 3 2 3 1 3 3 3
A. crassicarpa 3 2 3 1 3 3 3
A. leptocarpa 1(s) 1 1 1 1 1 1
A. oraria 1(s) 1 1 1 1 1 1
A. cincinnala 1(s) 1 1 1 1 1 1
A. angustissima 1(s) 1 1 1 1 1 1

Priority ranking: 0 = done, 1 = low, 2 = medium, 3 = high.
(s) indicates that silvicultural research should assess these species before improvement work begins.



Table 2. Research nceded on acacia hybrids.”

Field Vegetative
Cross Potential testing Breeding propagation Clonal test  Isoenzyme
Am x Aa 0 3 2 0 3 0
Am x Ac 2 2 1 2 2 2
Am x Aal 2 2 1 2 2 2
Alep x Aa 2 2 1 2 2 2
Aal x Aa 2 2 1 2 2 2

Am = Acacia mangium; Aa = A. auriculiformis; Aal = A, aulacocarpa; Ac =

leptocarpa. Priority ranking: 0 = done, 1 = low, 2 = medium, 3 = high.
Joint evaluation of spccies and provenance performances across sites should involve several countries.

Table 3. Prioritics for species sclection and improvement of semi-arid acacias, by specics.

A. crassicarpa; Alep = A,

Prov.  Seed prod. Plus tree  Seed Progeny Cutting Tissuc
trials arca  sclection orchard test propagation  culture

A. ampliceps 2(s) 2 1 1 1 1 1

A. brassii 2(s) 2 1 1 1 1 1

A. difficilis 2(s) 2 1 1 1 1 1

A. holosericea 2(s) 2 1 1 1 1 1

A. plectocarpa 2 (s) 2 1 1 1 1 1

A. catechu 2 (s) 2 1 1 1 1 1

A. arabica 2 (s) 2 1 1 1 1 1

A. confusa 2 (s) 2 1 1 1 1 1

Priority ranking; 0 = done, 1 = low, 2 = medium,

assess these specics before improvement work begins.

3 = high. (s) indicates that silvicultural rescarch should



multiply others reinforces the need for carc in
procceding. ldentification of gains should be
informed by a marketing perspective; for cxample,
incrcases in volume growth may outweigh slight
losses in weod density in terms of increased
revenuces to the producer.

Sabah, Malaysia and Saitong, Thailand
appcar to he the most promising locations for
testing crosses due to the age and flowering of
acacia stands at these locations. For new crosscs,
the rescarch timeframe should generally be two
years for developing the crosscs and three years for
testing.

Natural hybrids alrcady cxist in Malaysia,
the Philippines, and Thailand. They can be tested
faster using tissue culture. Regarding propagation,
hybrids must be reproduced by clone, not sced.

Because the experience with acacias in
East Asia and the Pacific has been primarily with
humid and sub-humid specics, the recommended
prioritics for semi-arid acacias in Table 3 should be
regarded as provisional, and reflect only their
relative priority in that region. In other regions
these or other acacias may receive different priority
rankings.

Silvicutture

Rccognizing that different growing
conditions and objectives dictate different rescarch
nceds, Table 4 describes silvicultural prioritics for
site rchabilitation, industrial plantation, and
agroforestry and community forestry using the
humid/subhumid specics and sciccted semi-arid
acacias.

Species suitability and species-site
suitability remain high prioritics for silvicultural
rescarch for all these conditions. For rchabilitation
planting, grasslands recovery is a regional priority.
In industrial plantations, silvicultural practices
depend on the product; therefore this portion of
the table is divided between pnlp, fuclwood, and
chemical uses on the one hand, and sawn timber
on the other.

In agioforestry, likewise, silvicultural
rescarch should differentiate between trees grown

in combination with cash crops and thosc grown
with cereal crops.

Regarding pest and discase control, it is
difficult to prioritize species because conditions
vary from country to country. Attacks of A.
auriculiformis by the "powder post beetle” might
dictate priority for that specics. In any case,
periodic surveys of pests and discascs, with damage
asscssments, should identify the significant
problems in an arca. From this, appropriate
integrated pest management (IPM) practices can
be developed. These will depend also on the crops
grown in association with the trees.

The heart rot affecting A. mangium is not
addressed in Table 4 for several reasons. First, the
expert on acacia discases was not able to attend the
meeting. Sccond, the heart rot problem is not
universal. Third, except by sclecting alternative
specics, there arc few means for dealing with the
problem.

From an industrial perspective, protection
is more interesting in terms of maintaining the
investment of a standing crop; for the principal
commercial specics (4. mangium), the other
aspects of silviculture, such as pruning and
thinning, arc alrcady known. From the perspective
of multiple use and farm managemeat, however, it
nust be recognized that mangium is not always the
nost appropriate planting choice; thus the
preliminary steps for the other specics merit
priority.

Again from the point of commerecial-scale
management, the most important consideration is
to reduce weeding costs (which now accounts for
up to 70% of cstablishment costs) and cxamine soil
preparation. Reducing the length of time scedlings
spend in the nursery is rclatively insignificant in
terms of cost.

Silvicultural practices for hybrids is an
arca considered to be automatically included in the
arcas identified for other silvicultural rescarch.



Utilization, Economics and Marketing

Table 5 shows a priority ranking for
utilization rescarch, by species and product. A
priority ranking of general reseurch areas in this
field, using the same scalc as in the tables, appears
below.

Topic Rank
Development and utilization of non-wood 2
products

Utilization of small-size logs (grown in 2

plantation and by farmers)

Development of local processing technology 3
(including products for community
consumption)

Appropriate machinery developrent 3
(harvesting saw logs, pecling, chipping,
dcfibrating)

Basic rescarch on solid wood and fiber/ 3
particle characteristics of recently
introduced materials

For Economics and Marketing studics, the
following topics arc of primary importance (not
prioritized);

o  cost-benefit analysis of products
intended for introduction, and under
different planting systems

economics of introducing appropriate
machinery for proczssing small-
diameter trecs

processing cconcmics for small-sized
trees

transportation (freight)
storability of wood materials
processing incentives

creation of processing centers (local
industry centers)

exchange rate changes and their cffect
on marketing produce of large-scale
plantations

assessment of acceptance and market
for new products

supply and demand of acacias in the
wood industry

ergonomic factors in harvesting and
processing

government policy incentives,
including tax credits

cost-effectiveness studies



Table 4. Priorities for silvicultural research for three sets of objectives, by species.®

Site Rehabilitation Industrial Plantation Agro- and Community
Pulp, Fuelwood, and Chemical Uses Sawn Timber Forestry
Sp.-Site Gr& Plant. Estab. Sp.-Site Gr.& Plant. Estab. Sp.-Site Gr.& ___Plant. Estab. Sp.-Site Gr.& Plant. Estab.

Suitabl. Yld Ds SpT Pr PI ThFA RM PD Suitabl. Yid Ds Sp T Pr FARMPD Suitabl. Yld Ds Sp T Pr Th FARM PD Suitabl. YId Sp Pr Pl RM PD

Humid/Subhumid

A. auriculiformis 1 3 3221100 1 2 0 3 311021 2 0 3 33 3 3 3 2 2 1 0 1 3 2 3 1 2
A. mangium 1 3 3111 110 1 2 0 3 3110 21 2 0 3 333 33 32 1 0 1 3 2 31 2
A aulacocarpe 3 1 1.2 22 2 00 2 1 3 1 1110 2 2 1 3 3 1 333 3 31 2 3 3 323 2 1
A crassicarpa 3 1 12 2 2 2 00 2 1 3 1 1110 2 2 1 3 3 1 333 3 31 2 3 3 323 2 1
A leptocarpa 3 1 1.2 2 2 2 00 2 1 3 1 v 1. v 0 2 2 1 3 1 1111111 2 3 3 323 2 1
A oraria 3 1 1 2 2 2 2 00 2 1 3 1 1110 2 2 1 2 1 1111111 2 2 2 3 2 3 2 1
A. cincinnata 3 1 1 2 2 2 2 0 0 2 1 3 1 1110 2 2 1 2 1 1111111 2 2 2 3 2 3 2 1
A. angustissima 3 0 0 0 0 0 0 0 0 2 1 3 0 0 0C OO0 2 1 0 0 00 0 O0O0COCTI1 2 3 1 00 0 2 1
Semi-arid

A. arabica 2 2 1 2 2 2 2 3 2 2 3 2 1 2 2 2 3 2 2 3 1 1 1111111 1 2 3 2231 1
A catechu 3 3 1.2 21 2 3 2 2 3 3 1 2213 2 2 3 1 1 1111111 1 3 2 2231 1
A confusa 2 3 12 2 2 2 3 2 2 3 2 1 22 2 3 2 2 3 1 1 1111111 1 2 2 2231 1
A. nilotica 3 3 1.2 2 2 2 3 2 2 3 2 1 22 2 3 2 2 3 1 1 1111111 1 2 2 2231 1
A. pennata 2 3 1221 2 3 2 2 3 2 1 2213 2 2 3 1 1 1111111 1 2 2 22 31 1

Sp.-Site Suitabl. = Species-Site Suitability; Gr.& Yld. = Growth and Yield; Ds = Direct seeding; Sp = Spacing; T = Tending: Pr = Pruning; Pl = Pollarding; Th = Thinning; FA = Fertilizer Application;
RM = Rhizobia and M;-orrhizal Relationships; PD = Pests and Discases. Priority rating: 0 = no work needed; 1 = lcw priority; 2 = medium priority; 3 = high priority.
*For PD, numbers indicate priority for periodic survey of pests and diseases, excepting heart rot of 4. mangium, which receives the highest priority (3).



Table 5. Priorities for utilization research, by species and product.

Timber Chips Ven./ Glue, Envir,
C Sc Nc Part. Fiber Food Fuel Bark Phwd Sleg LVL Lam Hny. Fod. Chem Plant Posts Crft.  Countries Comments

Humid/Subhumid

A. mangium 2 2 2 3 3 (1] 2 2 3 3 3 3 3 2 2 3 1 3 All General utility
timber

A. auriculiformis 2 3 3 2 2 0 3 2 2 3 3 3 3 2 2 3 2 3 Al High silica content,
poor form

A. aulacocarpa 2 2 2 2 2 0 2 2 2 3 3 3 3 1 1 3 2 3 Recently introduced Good sawn wood

A. crassicarpa 2 2 2 2 2 0 2 2 2 3 3 3 3 1 2 3 2 3 Recently introduced Furniture

A. leptocarpa 1 2 2 2 2 0 2 2 2 3 3 3 3 2 3 3 2 1 Reccently introduced Good sawn wood

A. oraria 0 0 0 0 1 0 2 1 0 0 0 0 0 0 0 3 2 2 Recently introduced

A. cincinnata 0 0 0 (] 1 [ 2 1 0 0 0 0 0 0 0 3 2 3 Recently introduced

A. angustissima 0 0 o [ 1 C 2 1 0 (1] (1] (1] 0 0 (1] 3 2 2 Reccently introduced

Seml-arid

A. arabica 1 1 2 1 1 1 3 2 1 1 1 2 3 2 3 3 2 1 Pakistan, India, Nepal  Gum, fuel uses

A. catechu 1 1 2 1 1 1 3 3 1 1 1 3 3 2 3 3 2 1 Bn, In, L, My, Poor foim,

NThV fire-tolerant

A. confusa 1 1 2 1 1 0 3 2 1 1 1 2 3 1 0 1 2 2 Ph, ROC, Th Slow growing

A. nilotica . 1 1 2 1 1 0 3 2 1 1 1 2 3 2 3 3 2 1 SE Asia, In, Pak General utility
in dry areas

A. pennata 1 0 0 [ 0 3 0 0 0 0 [ 0 (] 2 2 3 0 0 L, Ca, Th Shrub

C = Construction; Sc = Semi-construction; Nc = Non-construction; Part = Particleboard; Ven/Plwd = Veneer/Plywood; Sicg = Slicing; LVL = Laminated veneer lumber; Lam. = Laminating;
Hny = Honey; Fod = Fodder; Chem = Chemical; Envir Plant = Environmental Planting; Crft = Handicrafts.

Countrics: Bn = Bangladesh, In = India, L = Laos, My = Myanmar (Burma), N = Nepal, Pak = Pakistan, Ph = Philippines, ROC = Republic of China (Taiwan), Th = Thailand, V =
Vietnam.

Priority rating: 0 = done or not needed; 1 = low priority; 2 = medium priority; 3 = high priority.



Australian Coltaborative Research on Tropical Acacias

Khongsak Pinyopusarcrk

The Australian Centre for International
Agricultural Research (ACIAR) has funded
collaborative rescarch on tropical acacias since
1984. More than 25 Australian Acacia specics,
mostly lesser-known, (together with species from
other genera) have been cvaluated for their
adaptability and productivity in a range of tropical
soils and climates in Austrzlia, China, Indonesia,
Kenya, Pakistan, Thailand, and Zimbabwe.
Subscquent complementary rescarch (e.g.,
propagation and silviculture) has been carried out
for the promising species. Results of these studies
appear in workshop proceedings (ACIAR
Proceedings No. 16, 35, and 37), monographs (c.g.,

AC" AR Monograph No. 10), and scientific journals.

This paper highlights some of the ACIAR-funded
research with which I have been associated, and
also refers to results obtained from other ACIAR
projects. ACIAR's current acacia research is
summarized in Table 1.

Species Domestication

Many acacia species have shown great
potential for forestry. Based on ficld results in
Thailand, China, Indoncsia, Pakistan and
Zimbabwe, the following species are considered to
be best adapted in the range of semi-
arid/subhumid to humid/subhumid climates.

Humid/Subhumid A. aulacocarpa

. auriculiformis
. cincinnata

. crassicarpa

. mangium

. leptocarpa
oraria

Ahanhdaa

Semi-arid/subhumid . ampliceps
brassii

. difficilis

. holosericea
. plectocarpa

NN

A. aulacocarpa, A. auriculiformis, A. crassicarpa,
and A. mangium are best adapted to humid/
subhumid regiors. These species grow large and
are most suited for wood production (pulp, sawn
timber). Much of the present plantation
development of acacias is based on 4. mangium
and A. auriculiformis due to their proven success.
Newcomers A. aulacocarpa and A. crassicarpa arc
now accepted and will certainly play an increasing
role in plantation forestyy in the Asia region.

A. cincianata has shown moderate growth
in China and produced many individuals with very
straight stems (Yang ct al. 1989). In Thailand, the
species shows below average growth except at
Sakacrat in the central region. where it has grown
very well with excellent stem {orm.

A. leptocarpa is a small to medium-sized
trec. It has shown carly rapid growth and, on
favorable sites, may reach its full potential size
within three years. The species attracts attention
for agrolorestry usc because of its light, open
crown and its propensity to produce single stems.
Though regarded primarily as a species for
humid/subhumid areas, it was onc of the best
adapted species in salt-affected land in northeastern
Thailand (long dry scason of 6-8 months, annual
rainfall about 1000 mm). A suspected hybrid of A.
leptocarpa x A. auriculifonnis has been obscrved
ncarby an ACIAR trial in that arca.

Little is known of A. oraria, a spccics
native to Australia and Indonesia. It is a small,
frecly-branched shrub, but also can be a tree 10-15
m tall. Provenances from north Qucensland
(Cairns and Lakeland Downs) have survived and
grown well on sites heavily infested by Imperata
cylindrica (imperata grass). Flanted at 2x2 m
spacing in Thailand, its dense foliage and enormous
leaf litter totally suppressed haperata grass within
1-2 years. A. oraria also tolerates highly alkaline
sites.

A. holosericea has shown carly rapid
growth and adaptability to semi-arid /subhumid



Table 1. Summary of current research on acacias sponsorcd by ACIAR.

Research topic

Key species

Genetic improvement

Floral biology/hybridization
Vegetative propagation

Silviculture (c.g,, yicld,
spacing, fertilizing, coppice)

Usc (pulp, paper)

Reforestation of imperata
grassland

Screening species for specific sites
salt-affected land

alkaline soils

semi-arid/spbhumid

Rhizobium symbiosis

Physiology

Acacia/cucalypt mixture

G U N - N R N

N N - N N N

h N U N N

N N N

N

PN

. auriculiformis
. mangium

. aulacocarpa

. crassicarpa

. mangium
. auriculiformis

. mangium
. auriculiformis

. auriculifonnis
. aulacocarpa

. crassicarpu

. leptocarpa

. mangium

. auriculiformis
. aulacocarpa

. crassicarpa

. cincinnata

oraria

. auriculiformis
. mangium

. aulacocarpa

. crassicarpa

. ampliceps

. saligna

. Stenophylla

. auriculiformis
. holosericea

. ampliceps
. auriculiformis

. holosericca

. mangium
. auriculiformis

. auniculiformis

. auriculiformis




sites. A. ampliceps has performed well on clkaline
soils and tends to be sensitive to acid soils. A,
difficilis, A. plectocarpa, and A. brassii perform
equally well in the same climatic zones. A.
holosericea is widely plunted in West Africa, and is
being cvaluated in provenance trials in Asia and
Africa. Rescarch on the other specics has not
progressed beyond species trials.

Provenance Trials

ACIAR-sponsored provenance trials have
been established for A. auriculiformis in China,
Thailand, and Zimbabwe, and for A. crassicarpa in
Thailund. The A. auriculiformis trials are part of
an international serics involving some cooperators
in the Multipurpose Tree Species (MPTS)
Rescarch Network. At just over two ycars of age,
these trials have already shown marked differences
among provenances in growth and form.

Genetic Improvement

The species recciving most attention arc
the large and now widcly accepted A.
auriculiformis, A. mangium, A. aulacocarpa, and A.
crassicarpa. Provenances from Papua New Guinca
have frequently been found to be more vigorous
than Australian prov-nances. Howcever, the
situation for stem straightness is less clear. Some
straight trees of a. auriculiformis are found in
Quecensland provenances. A. auriculiformis, widely
planted in China, India, and Thailand, is recciving
much emphasis in part due to the availability of
planting material.

Progeny Trials

More than 150 families of A. auriculiformis
from phenotypically superior trees in Australia,
Papua New Guinea, and Thailand have been
planted in replicated locations in Thailand. These
trials arc now at lcast four years old and arc being
converte to first-generation improved sced stands.
Another trial comprising 100 selected families of A.
aulacocarpa has been established recently at
Sakacrat, Thailand.

10

V( jetative Propagation

Studics conducted at Sakacrat have shown
that A. auriculiformis can be successfully
propagated by air-layering and cuttings (Simsiri
1991). Air-laycring showed better results when
performed in the rainy scason. Younger trees (4-8
years old) rooted more readily than older trees (15
years and older). Cultings of ¢picormic shoots
gave far better results than those of branches. As
with air-layering, cuttings from younger trees
rooted better than those from older trees.

Studies in Sabah, Malaysia show that
single-node cuttings from young scedlings of A.
mangium and A. auriculiformis can be rooted
throughout the year at operationally acceptable
levels using simple techniques (Wong and Haines
1992). Multiplication by cuttings for producing
planting stock of both species is feasible (annual
multiplication rate for A. mangium of 53.3, and for
A. auriculiformis, 232.4). The higher multiplication
rate for A. auriculiformis is believed to be related
to higher rooting rates and faster shoot growth,

Plantation Management
Proving trials

Provenances of A. auriculifornis, A.
crassicarpa, A. aulacocarpa, and A. leptocarpa
known to grow well on several sitcs have been
planted in Thailand in large plots for growth and
yicld monitoring. These will provide current
annual increment (CAI) and mean annual
increment (MAI) data and allow biomass
asscssment.

Coppice ability

Most fast-growing acacias coppice well
when cut during the wet scason and at a relatively
young age (coppice rates for A. auriculifornis can
approach 100%). Coppicing ability, however, varics
considerably among species and provenances.
Provenances from Papua New Guinea (PNG) of A.
auriculiformis, A. crassicarpa, A. aulacocarpa, and
A. leptocarpa show lower coppicing survival rates
than Queensland provenances, and since these are
among the best provenances this is a concern.



Further study should determine the best season of
coppicing for each of the prominent provenances.

Fertilizing — macro level

Marked response (obscrved on A.
auriculiformis and A. crassicarpa) was noted (o
NPK 15:15:15 applicd at 3 and 6 months after
planting: up to 500% incrcasc in above-ground
biomass at a sandy-soil sitc in Thailand. No
comparable information is available for A.
aulacocarpa and A. leptocarpa.

Mixed plantings of eucalypts and acacins

Eucalypt plantations are under criticism for
a varicty of reasons, including possible deterior-
ation of soils and resulting long-term decline in
tree productivity. Mixed plantings of cucalypts with
nitrogen-fixing acacias may help sustain site
productivity. Combinations of Eucalyptus
camaldulensis and A. auriculiformis will be planted
in Thailand to determine the long-term impact on
soil fertility. Such mixtures may provide more
acceptable and sustainable systems than cucalypts
alone.

Physiology

Ficld results from many countrics show
that PNG provenances of A. auriculiformis arc best
for biomass production, and Quecnsland
provenances arc best for form; Northern Territory
provenances were inferior in both growth and form.

Photosynthetic capucity of different
provenances growing in progeny trials/sced
orchards on Melville Island, Northein Australia
were deterinined during the dry scason. Contrary
to expectation, Northern Territory provenances had
five times greater activity than both Papua New
Guinea and Qucensland provenances (Woo 1991,
personal communication). The stomata in lcaves of
Northern Territory provenances remained wide
open thronghout the day, allowing photosynthesis
to proceed. By contrast, stomata in the
Queensland and Papua New Guinca provenances
were relatively closed. Evidently, the Northern
Territory — not Qucensland or PNG —
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provenances are well adapted to the conditions of
high water deficit and low relative humidity found
during the dry scason in the Northern Territory.
The results suggest that physiological parameters
may be uscful in analyzing growth performance and
adaptation of 4. auriculiformis. Physiological
studics could be extended to include other field
material, especially that planted in the international
provenance trials. Great potential exists for
producing improved genotypes in genctic
improvement programs to suit specific planting
nceds and conditions.

Other ACIAR-Funded Research
Biological nitrogen fixation

Responscs to inoculation with Rhizobium
strains vary between A. auriculiformis and A.
mangium. Laboratory and ficld studics in the
Philippines showed that 4. mangium was more
specific in its strain requircments than A.
auriculiformis, and that none of the strains obtained
from a range of Philippinc sites was truly cffective.
A strain (PMA 311/1) isolated from soils in Cape
York, Queensland was very effective on both
specics and is now uscd as an inoculant in
commercial and experimental acacia plantings in
several countrics (Dart et al. 1991).

Acacias for salt-affected lands

Onc ACIAR project has concentrated on
cvaluating a suite of Australian wcody specics for
performance on saline, sodic and waterlogged land
in Australia, Pakistan, and Thailand. 4. ampliceps,
A. saligna, A. machonochieana, and A. Stenophyila
have performed very well on highly saline fand
(EC, > 25dS m™!), often with high pH and sodic
but little associated watcrlogging. A. ampliceps has
been particularly productive urder these conditions.
At lower salinity Ievels (EC, 10-15 dS ml), A
auriculiformis and A. holosericea have performed
well. Further investigation of the following issucs
is proposed:

0 rigorous evaluation of family and
provenance of A. ampliceps

o screening for salt x waterlogging



0 evaluation of the cffect of
inoculating acacias with salt-
tolerant rhizobia and
ector corrhiza on saline sites

0 water usc by 4. ampliceps on
saline and watcerlogged sites

Use for pulp

Studics have shown that A. aulacocarpa, A.
crassicarpa, and A. cincinnata can be included with
the already-accepted A. mangium and A.
auriculiformis as suitable pulpwood specics. An
ACIAR project with the Chinese Academy of
Forestry and CSIRO Division of Forest Products
found that 4. anlacocarpa had excclient potential as
a source of fiber for pulping and paper making,
and the kraft pulp could be readily bleached to
high brightness. A. cincinnata also had acceptable
pulp yicld, but the kraft pulp was harder to bleach.
A. crassicarpa pulp would also be acceptable for a
wide range of end products, but bleaching results
were poorer than those of other acacias (Clark et
al. 1991).

Future Directions

As far as ACIAR prioritics are concerned,
the present rescarch objectives are still valid and
will be continued to cover other promising species.
Still, the following activities are considered to be of
cqual, if not greater, importance.

Nutrition

Multi-stemmed trees of A. mangium
appear to be common on more fertile sites; this
may be linked to nutritional factors. In an carlicr
provenance trial on Melville Island, all provenances
of A. mangium showed a propensity to develop a
multiple-stemmed habit. This may have been
induced by the addition of nitrogen in the standard
fertilizer formulation used on the island. Rescarch
using different levels on N-fertilizer on selected A4.
auriculifonnis provenances having the genctic
potential to produce straight stems will help
dctermine the influence of N-nutrition on stem
characteristics.
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Pests and diseases

There is a nced to document existing
information on inscct pests and discases and
management systems. Some acacias are vulncrable
to attack by inscct or discase. This can cause
cconomic loss, A branch and twig borer, Sinoxylon
sp., has been found to attack small stems and
branches of A. auriculiformis in the dry scason.
The inscct girdles and breaks stems or branches at
the point of attack. Young trees up to two years
old, when stem diameter is small (1-2 ¢cm), are
most susceptible. This is a major concern because
the broken stemmed-tree develops multiple leaders,
lowering its commercial value. There is no
definitive solution at this stage, although chemical
spraying during the dry scason reduces the damage.
There is every possibility that the same beetle will
attack species such as A. anlacocarpa and A.
crassicarpa.

A provenance trial of A. crassicarpa
planted in 1985 at Sipitang, Sabah, was found
attacked by a stem borer, ambrosia beetle (Platypus
sp.) (Thapa 1992). Up to 86% of the trees, most
of them 11-23 cm dbh, were infested. Trees
smaller than 11 cm in diameter were less
susceptible. Black-stained sap exuded from the
borer holes; as many as 50 holes were spotted on a
single tree. In heavily attacked tices, black stain
from the tunnels spreads ont considerably in the
sapwood region, but was absent in heartwood. The
black staining of the sapwood is caused by bacterial
infection transmitted by the borer. Plantation-
grown trees of A. auriculiformis, A. mangium, A.
meamsii, and A. aulacocarpa in Sabah were also
found to be lightly attacked by this borer. No
mortality has yet been reported.

Heartrot in A. mangium is widespread in
plantations in Malaysia and clsewhere. Theugh not
a major threat where pulpwood is the prime
planting objective, it is a scrious problem in
plantations grown for sawn logs.

Seed supply

Dcpendence on external seed supplics
should be reduced. Sclf-sufficicncy in seed supply
helps in planning planting programs, and in
developing countries can save valuable forcign



exchange. The simplest way to cstablish seed
production areas is by heavy thinning of existing
stands of appropriate provenances and adequate
genetic base. With support from ACIAR, sced
stands of A. crassicarpa and A. mangium have been
cstablished in China,

Promoting Use of Acacias

ACIAR’s mandate docs not include
extension per se. This is seen as the responsibility
of national rescarch institutions and extension
services. Nevertheless, the established ACIAR
ficld trials have been a focus of attention for local
and intcrnational forestry organizations. ACIAR
and its collaborators will continue to encourage
visits to trial sites by forcsters, extension workers,
and cspecially farmers. Research results have been
made available through newslztters, workshops, and
books.

Industrial plaatation development groups
arc always quick to know what specics to plant. It
is the rural dwellers—the majority in the tropics—
who nced promotional information. Arguably,
extension is onc of the most important options for
promoting acacia planting, since wost tropical
countrics alrcady have some form of extension
program,

Discussion Notes

In coppicing, there appear ta be differences
between Australian and PNG scedlots of A.
aulococarpa. In China, A. aulococarpa has
performed well for pulp and paper.

ACIAR is also interested in physiology studies of
the question: Why are NT provenances of A.
auriculiformis most variable in growth and form?

Question: From the ACIAR experience,
what is A. crassicarpa’s potential?
Answer: It is still a new species, even to

ACIAR. In lower rainfall arcas, it
does not perform well — A.
aulococarpa does better. (Sce also
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Extension programs should be developed in close
collaboration with local communities so as to meet
their perceived needs. Very often an extensios
program fails duc to a lack of communication
between the extension agent and the community.
Extension can only succeed when the community
are offered what they perceive they need, not what
the agent vicws as most suitable. in arcas where
firewood shortage is severe, desired species are
often those with high calorific value, capacity to
burn cvenly without smoke or sparking, and ability
to coj pice.

The Royal Thai Forest Department (RFD)
has zs.ablished morc than 50 forest nurseries in ail
major | rovinces of the country as part of its
extension: scheme to promote country-wide tree
planting. Scedlings are provided free of charge to
local schools and farmers. RFD nurserics are in a
very good position to help promote planting of
acacias,

Sccd availability is a very important factor
in the success or failure of promotion cfforts,
Once suitable species have been identified,
procurement of secd should be planned in
conjunction with the development of an extension
program,

Sim’s paper — pulping quality not
as good as A. mangium.) CSIRO
rescarch shows 4. auriculiformis
having the best pulping quality,
although S¥I experience now
shows A. aulococarpa slightly
better,

Q What about problems with heart rot in A4.
mangium? In Malaysia now there is a
moratorium on mangium planting pending
FRIM studics of recovery of trees intended
for sawn timber from heartrot.

ACIAR rescarch has not explored this
arca in depth, as its mandate is not for
commercial uscs but subsistence uses such
as fuclwood.



Sabah Softwood reports that the
A. mangium heartrot problem can
be avoided by harvesting after only
5-7 years for pulping, For this
purpose they plant at dense
spacing (1-1.6 m).

Comment:

FIO rescarch in Thailand shows
that 80-90% of 10-ycar-old 4.
mangium was infected by heartrot,
with infection starting as carly as 4
years. FRIM studics in Malaysia
show heartrot appcaring in
scedlings only two years after
outplanting. The narrow genetic
base is probably a factor in the
scale of this problem.,

Commert:
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Trial results may be contradictory;
site conditions and sced source
may be critical to this problem.
For example, despite some
rescarch on boron deficiencics in
New Zealand and Australia,
Boron deficiency docsn’t appear to
be a problem in other countries,
For this reason guidelines for
good experiment designs are
nceded.

Comment:

In PNG, where boron deficiencies
do occur, affecting height growth,
one matchbox of boron applied at
planting has given good results
with Pinus specics.
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Potential for Growing Acacias in Thailand

Surce Bhumibhamon

Background

Problems of wood shortage for houschold
and industrial uses are increasing. For its wood
supply, Thailand rclies mainly on imports from
Burma (Myanmar), Cambodia, Malaysia, Papua
New Guinca, and other countries. Policy makers
arc concerned by the uncertainty of this external
supply; tree planting in all forms has thus been
actively promoted. It is quite clear that the Thai
Royal Forest Department will continue to
concentrate on cnrichment planting in degraded
forest reserve arcas and tree planting in communily
forestry programs to increasc the use of trees in
roadside plantings, agroforcstry systems,
homesteads, and shelterbelts.

When considering growing acaciai to meet
national nceds for wood products, we must
remember that 80% of wood consumption in
Thailand is by the rural poor, mainly for fuelwood
(83% of wood used in Thailand is fuel). While
rural people arc generally not familiar with exotic
acacias, the dwindling quality of natural forest
stands and competing land uscs of agriculture and
aquaculture (in the casc of mangrove forests) make
it worthwhile to explore the rolc of acacias in
meeting the demand for forest preducts.

Where afforestation is promoted, pilot
studies to test and screen specics arc important.
The private sector tends to establish small and
large tree farms of industrially viable specics, while
NGOs tend to focus on biodiversity. Thai state
agencics arc promoting native and cxotic
multipurpose tree species (MPTS) in close
collaboration with the USAID-funded F/FRED
Project and the MPTS Rescarch Network’s
Sccretariat. Linkage is provided by the National
Rescarch Council of Thailand. The Royal Forest
Department, cooperating with other agencies, is
also active in giving information to planters, and in
some cases providing secdlings,
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Native Acacia Species

Thiricen Acacia species are native to
Thailand: A. caesia oxyphylla, A. catechu
catechoides, A. comosa, A. craibi, A. hannandiana,
A. leucophloea, A. macrocephala siamensis, A.
megaladena, A. oxyphylla sulonuda, A. pennata, A.
podalyriacfolia, A. rugada, and A. tomentosa. A.
catechu catechoides and A. pennata are among the
morc promising native acacias planied by the rural
poor.

A. catechu is uscful as a shelterbelt due to
its spincs, and produces very good charcoal. A.
pennata’s cdible shoots, which smell like Parkia
speciosa, arc saleable in rural markets in the
country. A. craibii is valued for medicinal uscs, as
is A. tomentosa.

Acacia catechu

A. catechu catechoides is a moderate-siced,
deciduous tree that grows in most dry areas of the
country. The trec has a light feathery crown that
looks vivid green in the summer. It occurs on poor
soils and well-drained sites. Its spikes arc white,
about 5-10 cm long. Flowers are axillary on the
young shoot. The pods arc also 5-10 cm long and
1-2 cm wide. At maturity, seeds contain about
12.9% moisture content, which drops to 6% a
month later. Amata-archachai and Hellum (1984)
reported that seed germination is highly variable,
with immature sceds germinating better than
mature ones. Sced drying has a strong influence
on sced hardening. Physical or chemical
pretreatment is required for germination. Sceds
arc often infested by Bruchus bilineatopygus
(Eungwijarnpanya and Hedlin 1984).

The specics is a strong light demander. It
coppices well, and natural regencration is possible.
Propagation is possible by dircct sceding or by
nurscry-grown scedlings. The seed and bark have



mcdicinal uses—the seed is good for curing skin
discases, whilc bark is good for stomach problems.
The bark is also distilled for tannin production.
Farmers in Northcastern Thailand chew the bark as
a substitute for arcca nut. Tannin production is
not common at present—duc to the poor market,
farmers can gain morc benefit from other products.
Still, this is an excellent colonizing specices in
rchabititating degraded sites. It can improve soil
fertility and grow well in firc-sensitive arcas.

Ac icia pennata

A. pennata (or A. insuavis) is grown in
many rural homestcads. It is a bushy tree with
spincs located on the stem. The young tip is
generally cooked or boiled and caten with hot
spices. Propagation is usually by grafting and
cutting.

Species Trials

With the cooperation of ACIAR, specics
and provenance trials started in Thailand for 12
acacias. A. crassicarpa, A. auriculiformis, and A.
aulococarpa were found to be superior on most
sites; A. mangium shows cxcellent performance
only on suitable sites. In agroforestry, A.
aurictliformis proved much better than 4.
lepiocarpa, A. aulacocarpa, and A. cincinnata.
More rescarch is needed on acacias on problem
soils (i.c., salinc and acid soils, drought arcas,
watcrlogged sites, and areas unsuitable for
agriculturc) and along canals and rivers.

Other papers in this report highlight
rescarch on these specics by the Thai Royal Forest

Dcpartment and the Thailand Institute of Scientific
and Technological Rescarch (see papers by K.
Pinyopusarerk and K. Yantasath). Rescarch by the
Faculty of Forestry, Kasctsart University (KUFF),
has included species and provenance trials, and
stem form and physiology studies of A. mangium.

MPTS Research Network Trials

With the close collaboration of Winrock
Intcrnational-F/FRED, six sites in Thailand were
established as part of the international 1987 Humid
and Subhumid Network Trials. Three of these sites
were uscd in 18- and 36-month intersite analyses.
These experiments tested: 4. mangium (Papua
New Guincea and Quceensland provenances), A.
auriculiformis (also from PNG and Qucenstand),
Leucaena hybrid (K743), and Leucaena diversifolia.
In Lad Krating (castern) and Uthai Thani
(northcastern), A. mangium and A. auriculiformis
from PNG show cxcellent health and performance.
Sced production arcas should be established using
both scedlots.

Provenance Trials

At Lad Krating Plantation, KUFF
established provenance trials of A. mangium based
on scedlots from Queensland (13 seedlots), PNG (2
scedlots), and Indonesia (1 scedlot). Survival
ranged between 94-100%. Growth characteristics
are presented in Table 1.

These provenance trials have served as an
cxcellent basis for gcmetic studies. Later, 163 trees
were sclected and 76 families were tested, and the
10 best familics were sclected for gencral planting
programs.

Table 1. Growth of A. mangium at Lad Krating, castern Thailand.

Age Survival Hecight Dy DBH CD
(yrs) (%) (m) (cm) (cm) (m)
2 99-100 5.5-07.2 14.1-17.1 8.8-11.6 3.9-48
4 96-100 24.8-30.5 24.8-30.5 16.8-20.8 6.1-74
7 94-100 26.9-35.5 26.9-35.5 20.9-28.7 63-78




Provenance trials of A. auriculiformis,
supported by F/FRED and ACIAR, were
cstablished using 28 provenances. Generally, tree
form is not good duc to the wide spacing usced 3x
3 m) and the fact that the planting faces the wind
dircction. For most plantations, a spacing of
1x 2 m is rccommended for better forn, with
removal of inferior trees at two and four years.

At 24 months, the trial at Lad Krating
showed an average survival rate of 99.5%. The
average height was 6.13 m, Dy, averaged 9.56 cm,
and average diameter at breast height (DBH) was
721 ecm. The Papua New Guinea provenance has
shown better height, Dy, and DBH growth at the
later stages of development, and the highest
stomatal frequency. The average number of
stomata of 4. auriculifornis were 407.81, with 388.1
stomata/mm?. Rescarch on stem form and
progeny trials arc planned.

The Royal Forest Department has also
participated in this sct of trials with sites at Sai
Thong, Kanchanaburi, and Sakacrat. Performances
has varicd greatly from site to site (Luangyiri-
yasacng ct al. 1991),

Tree Planting
Acacia planting programs have been

generally accepted by the Thai public, in part as an
alternative to the cortroversial cucalypts. A.

Discussion Notes

Comment: Heartwood extractive of A4.
catechu is uscd like arcca nut.
Threc varicties exist in Thailand,
with varying uses.
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auriculiformis was introduced relatively long ago
and is planted mainly as a decorative tree, both in
urban and rural areas. In recent years, this specics
has been planted in industrial plantations but the
stem quality remains poor.

More A. mangium plantations have been
cstablished. The species performs better where
annual rainfall is greater than 1300 mm and the
sitc has deep soil and good drainage. Heartrot is
regarded as the major factor in sclecting this
specics for plauting,

Farmers in Buriram, in castern Thailand,
are growing A. mangium and harvesting the trees at
four ycars of age. The Thai Plywood Corporation
purchascs the logs for export to Japan, where it is
used in veneer for plywood. Trees hurvested at this
stage show very little heart rot problem.

Whereas 4. mangiumn has shown benefits
to farmers there, A. auriculiformis appears better
for production in open arcas, for farmers’ home
consumption, and for sale to the parquct industry.

Other superior acacia genctic materials will
be used in industrial plantations, in the future. The
National Sub-Committee on Research and
Development of Multipurpose Trees, National
Rescarch Council of Thailand, has considered the
importance of these specics and cncouraged
cstablishment of on-farm trials using them.

Question: Is A. mangium used for chipping
in Thailand?
Answei, Yes, but Eucalyptus specics are

preferred for this purpose now.

Luangyiriyasacng, V., K. Pinyopusarcrk and E. R.
Williams. 1991, Results at 12 months of
Acacia auriculiformis trials in Thailand, In
Advances in Tropical Acacia Research, cd.
J.W. Turnbull; 77-81. ACIAR Proccedings
No. 35. Canberra, Australia; ACIAR.

Troup, R.S. 1921, Sitviculture of Indian Trees, 447-
459, Oxford: Clarcndon Press.



Acacia mangium: A Review on Reproductive Biology,
Tree Improvement and Hybridization

Zakaria lbrahim

Introduction

Acacia mangium Willd. is the most widely
planted Australian acacia in Southcast Asia
(Pinyopusarerk and Puriyakorn, 1987, Udarbe and
Hepburn, 1987; Bell and Evo, 1983; Darmono and
Dayanto, 1981). It is planted for pulp, chips,
sawlogs, soil stabilization, wastclands reclamation,
fodder, and fuclwood. Since its introduction in
Southcast Asia (probably first in Sabah in 1966),
this species has been rescarched extensively and
undergone various levels of improvement,

This paper rcviews the existing rescarch on
A. mangium with reference to reproductive
biology, trece improvement and hybridization and
identifies rescarch gaps.

Reproductive Biology

A number of papers document the
occurrence of A. mangium in its natural habitat,
including quantitative and qualitative descriptions
of its reproductive biology in terms of
inflorescence and flower morphology, and
flowering and fruiting phenology (Turnbull 1987;
Turnbull ct al. 1986; Turnbull 1986; Turnbull ct al.
1983; Pcdley 1987; 1978; 1975). Bowen (1981)
noted the number of flowers per branch of 4.
mangium and compared the figure with that of 4.
auriculiformis and suspccted hybrid of A. mangium
x auriculiformis.

Recent rescarch includes a comprehensive
study on the reproductive biology of A. mangium,
covering the inflorescence and flower morphology,
flowering and fruiting scquence, flowering and
fruiting phenology and breeding system (Zakaria
1991; Zakaria and Kamis 1991, 1992; Sedgley ct al.
1992a).
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Tree improvement

The major concern when A. mangium
became a major plantation specics, cspecially in
Malaysia, was its narrow genctic basc. Efforts have
been made to widen the gencetic basc with
imported scedlots from Australia and Papua New
Guinca and provenance trials conducted in
collaboration with the Commonwecalth Scicntific
and Industrial Research Organization (CSIRO).

The International Provenance Trial of A.
ma:gium initiated in 1983 tested 21 provenances
(17 provenances from Queensland, Australia, 2
tfrom Papua New Guinea, and 2 from
Indonesia)(Doran and Skclton 1982). Malaysia
participated in this trial with sites in Peninsular
Malaysia and Sabah.

Preliminary results of these trials have been
reported (Chung ct al. 1990; Johari and Ckew
1987; Zashimuddin ct al. 1986; and Hagedon and
Nixon 1982). Sclection of superior individual trecs
in these trials has begun in various countries, with
the aim of establishing clonal secd orchards.

Hybridization

Since the occurrence of natural hybrids
between A. mangium and A. auriculiforniis was
noted by Tham (1976) and Turnbull ct al. (1986),
general interest in using the hybrids as planting
matcrials has risen. Phenotypic characteristics of
the hybrids were reported by Bowen (1981) and
Rufelds and Jaffirin (1986). Rufclds (1988) studied
scedling morphology of A. mangium, A.
auriculiformis, and A. mangium x auriculiformis
hybrid in oider to distinguish them at the nursery
stage. Gan and Sim (1992) formulated a nursery
guidcicne to identify hybrid scedlings.



Wickneswari (1989) and Kiang ct al. (1989)
worked with isozymes to identify the hybrid
scedlings from the parent specics scedlings.

In producing hybrid sccdlings artificially,
Zakaria (1991) obtaincd a considerable number of
true hybrid scedlings of A. mangium x
auriculiformis and hybrid scedlings of reciprocal
crosses by control pollination using the anther
method without emasculation. Sedgley ct al.
(1992b) obtained 100% hybrid scedlings 4.
mangium x auriculifornis through control
pollination with cmasculation.

Darus and Rasip (1989) and Rufelds
(1987) have compared the growth of the hybrids
with A. mangium and A. auriculiformis. Though
Rufelds saw no significant difference in diameter
and height growth (in contrast with the findings of
Darus and Rasip), he did find that stem form of
the natural hybrid was less finted.

Comparing the height growth of 7-month
old scedlings of A. mangium, A. auriculiformis, A.
mangium x auriculiformis, and A. auriculiformis x
mangium, Zakaria (1991) found that height growth
of A. mangium x auriculiformis was far supcrior to
the others.

Wickneswari and Norwati (1992) made a
pod production and sced yield study of 4. mangium
and A. auriculiformis. Temporal variation in hybrid
sced yield was significant in both specics. Average
spontancous hybridization rate was lower in A.
mangium (6.9%) than in A. auriculiformis (9.3%).

An ongoing study is obscrving flowering
phenology and sced production in a scedling
hybridizing orchard of 4. mangium and A.
auriculiformis (Josue 1992),

Recommendations

From this review emerges recommen-
dations for further rescarch in the arcas of
reproductive biology, trec improvement, and
hybridization,
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Reproductive biology

Most of the basic information in this arca
for A. mangium is well documented. There is no
nced for further study of th: flower and
inflorescence morphology of this species.

Phenology obscrvations on flowering and
fruiting at spccific sitcs would uscfully supplement
and complement the obscrvations made clsewhere.

Tree improvement

It is timely for a compilation of the results
of the International Provenance Trials of A.
mangium to determine the trend of provenance
performance at different trial sites in order to
capitalisc on between and within provenance
supcriority. Channcls and means of cxchange of
genctic materials should be made available.

Depending on a country's goals for
planting A. mangiuwm, plus trees should be selected
for desired traits, and production and breeding
orchards should be established. Progeny testing
and resclection of genotypes should be in progress
or planncd in the very near future,

Hybridization

Hybrids arc very scnsitive to the effect of
cnvironment. Before hybrid scedlings are released
for plantation, they should be tested for site
adaptability.

Countrics intending to usc hybrids of A.
mangium x auriculiformis should conduct prove-
nance trials of both A. mangium and A. auriculi-
Jormis. This is to ensure that there are cnough
materials to sclect as parent trees and to maintain
a wider genctic base for future hybridization
program,

To obtain optimal crossing combinations,
rescarch should determine breeding values of the
specics in terms of specific combining ability and
general combining ability. With about 850 Acacia
species native to Australia and Papua New Guinca,
the hybrids between A. mangium and A.
auriculiformis may not be the best hybrid
combination. Thercfore determination of



crossability patterns of Acacia spp. would cnable us
to tap the potential of the whole range of
interspecific hybrid combinations for particular
purposcs and sites.

Discussion Notes

So far, a higher hybrid yield has been found when
A. auriculiformis is the mother tree and 4.
mangium is the father.

The most effective time (or controlled poliination is
early morning.

Arc there constra’nts to sharing of
information in these arcas,
particularly between private
companics and government
sources?

Question:

In Malaysia there is generally no
problem with this exchange, as
evidenced by the presence of three
industry representatives here
together with academics from
government organizations,

Answer:
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Vegetative Propagation of Acacias by Stem
Cuttings and Tissue Culture Techniques

Darus Haji Ahmad

Introduction

Of the approximately 1,100 specics in the
genus Acacia, over 850 occur naturally in Australia
and ncighboring Papua New Guinca and Indonesia.
Most of the remainder are endemic to Africa and
tropical America (Boland et al. 1984), A.
mangium, A. auriculiformis, A. crassicarpa, and A.
aulacocarpa arc planted in Bangladesh, Costa Rica,
India, Indonesia, Malaysia, Nepal, Pakistan, the
Philippines, Sri Lanka, Thailand, and Hawaii in the
United States, as well as a few African countrics.

Although they arc widely planied,
continuous supply of good quality sceds for large-
scale reforestation programs can be a major
problem. Successful vegetative propagation of
these specics by conventional stem cuttings and
tissuc culture techniques can be very important to
casure that planting stock production satisfics
future demand,

Ninc Acacia species can be casily
propagated by vegetative means: A. mangium, A.
koa, A. mollisima, A. catechu, A. decurrens, A.
auriculiformis, A. albida, A. nilotica, and A.
melanoxylon. However, for a higher rooting
pereentage in stem cuttings and greater multiple-
shoot formation in tissue culture, important factors
to consider are: age of stock plants, rooting
medium, presence of phyllodes, basal medium, and
type and concentration levels of rooting hormones
and growth hormones used.

Propagation by Stem Cuttings

Vegetative propagation of tree specics by
stem cuttings has been practiced by horticulturalists
over many centurics. It offers many advantages
over growing stock from scedlings: reduced time
and labour in sced collection, uniform growth
performance, and maintenance of the genctic
make-up of the superior mother trecs. Acacia
mollisima, A. catechu, A. decurrens (Nanda ct al,

1970), A. auriculiformis (Simsiri 1991; Hu and Shen
1986), and A. mangium (Darus et al. 1989; Darus
1989a and Wong 1989) have been successfully
propagated and mass produced from stem cuttings,

Hu and Shen (1986) reported that A.
auriculiformis leafy cuttings were rooted when
treated with either indole-3-butyric acid (IBA) or
alphanaphtalene acetic acid (NAA) at 250 ppm
concentration levels, Simsiri (1991) reported that
stem cuttings of epicormic shoots of A.
auriculiformis gave a higher rooting pereentage
(90.0%) than branch cuttings (70.0%). He found
that a commercial rooting powder, Scradix 3, was
the best hormone for rooting 4. auriculiformis stem
cuttings,

Darus (1988) reported that stem cuttings
of young A. mangium seedlings were also casily
rooted when they were treated with hormones and
planted in a suitable rooting medium. The best
rooting medium for A. mangium stem cuttings was
a L:1 mixture of sand and sphagnum peat. Rooting
hormones such as 1BA, NAA, and a hormone
rooting powder (Scradix 3) greatly improved
rooting percentage and speed of rooting of A.
mangium. Both Darus (1988) and Wong (1989)
reported that cuttings treated with Seradix 3
produced more roots and hastened faster
adventitious roots formation compared to other
rooting hormoncs,

However, the rooting percentage of A.
mangium stem cuttings decreased significantly with
older stock plants. Cuttings taken from 6- and 12-
month-old stock planis rooted faster than stem
cuttirgs of old stock plants and produced higher
rooting percentages of 71.3 and 65.0%, respectively.
The presence of phyllodes was also important for
rooting success of A. mangium cuttings. Those
with onc phyllode or a half-cut phyllode produced
better rooting percentages (66-76%), faster rooting,
and with very low mortality compared (o leafless
cuttings or cuttings with two phyllodes (Darus et al.
1989).



Root formation in one-year-old A.
mangium stem cuttings was first detected in the
phloem rcgion, very ncar to the cambial layer and
in between the actively clongated medullary rays
(Darus 1989b). The cortical cells were the first to
divide and the medullary rays broadencd.
Subscquently groups of smaller cclls which had
merismatic capability appearced in the phloem
region. These smaller cells then developed into
root initials. After further ccll division, the root
initial together with the newly developed vascular
clements, formed the compact spherical root
primordium, which grew outward through outer
layers to become adventitious roots.

Tissue Culture

Tissuc culture techniques are becoming
incrcasingly popular as an alternative means to
propagate woody plants. A few timber specics
have been successfuliy propagated this way,
including Eucalyptus ciiiodora (Gupta ct al. 1981),
Tectona grandis (Gupta ot al. 1980), Ficus sp.
(Anon. 1986), and Albizia spp. (Crizaldo 1980 and
Phukan and Mitra 1983). Six Acacia species have
been propagated using in vitro tecnniques with
success: A. koa (Skolmen and Mapes 1976), A.
nilotica (Mathur and Chandra 1983), A. albida
(Dohoux and Davies 1985), A. melanoxyloir (Mayer
and Staden 1987), A. auriculifermis (Yang ct. al
1989; Semsuntud and Nitiwattanachai 1991; and
Darus 1990) and A. mangium (Darus 1988).

Dohoux and Davics (1985) achicved shoot
formation of A. albida by placing cxplants
(cotyledonary buds) into Murashige and Skoog
(1962) (MS) basal medium supplemented with 0.5
mg™! benzylamino purine (BAP) and vitamins. The
excised shoots were then rooted on Lin Staba
medium with 50 g'! sucrosc and vitamins, The
roots plantlets were reported very healthy and
suitable for ficld planting.

Darus (1988) rcported on a successful
micropropagation technique for A. mangium. The
optimum cytokinin concentration .or inducing
multiple shoots was found to be 0.5 mg™! of BAP
for nodal explants from ascptically germinated
scedlings (giving an average of 25.6 shoots per
explant) and 1.0 mg! of BAP for nodal cxplants of
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cight-month-old greenhousc-grown scedlings (giving
an average of 16.9 shoots per explant).

Mayer and Staden (1987) reported the
success of the A. melanoxylon callus culturcs using
both maturc and juvenile explants. The healthy
adventitious shoots were obtained whenever the
cxplants put on MS medium and supplemented
with benzyladenin (1.0 uM) and indole-3-acetic
acid. Indole-3-butyric acid at 10uM was the best
trcatment for in vitro root formation.

Skolmen and Mapes (1976) reported that
callus cultures of 4. koa shoot tips were developed
and subscquently differentiated into shoot primodia
on a MS basal medium supplemented with coconut
water followed by a MS medium with 5 mg™!
benzyladenin, It rooted when placed on a medium
containing 0.2 mg™! indolebutyric acid (IBA).

Semsuntud (1988) and Semsuntud and
Nitiwattanachai (1991) rcported that multiple-shoot
formation of A. auriculiformis was induced by using
the buds from branch cuttings of mature trees as
well as from aseptically germinated seedlings.
However, the number of shoots that developed
varicd with the type of explants used. The best
results were obtained in MS basal medium
supplemented with cither indole-acetic acid (IAA)
or NAA at 10-5 M concentration levels. On the
other hand, Yang ct al. (1989) reported that the
optimum medium for A. auriculiformis for shoot
multiplication was MS basal medium supplemented
with 1,0 ppm IBA, applying an average of 2.5
shoots per explant.

Mittal et al. (1939) reported on multiple-
shoot formation from different explants (scedling
leaves, cotylednn, hypocotyl scgment and axillary
buds) excised from ane-month-old A. auriculiformis
scedlings. Multiple shoots could be obtained only
from axillary buds in a MS basal medium
supplemented with coconut water (5-10%) and
BAP. The shoots produced roots at their base
whenever they were transferred to basal medium
supplemented with IBA or NAA,

Mathur and Chandra (1983) reported that
nodal cxplants taken from young twigs of A4.
nilotica and placed in MS basal medium,
supplemeanted with 0.5 mg™! LAA, formed shoots



and roots aiter two wecks of incubation. However,
other types of explants, including lcaves and
cotyledons, did not show differcntiation on any of
the combination of hormoncs tricd.

Discussion

Clcarly, acacias can be vegetatively
propagated by both stem cuttings and tissue culture
methods. However, to get a higher shoot
multiplication for tissue culture and a ligher
rooting percentage for stem cuttings and cxcised
shoots derived from tissue cultures, some important
environmental and physiological factors need to be
considered.

For stem cuttings, the environracntal and
physiological factors such as juvenility or age of
stock plants, phyllode number per cutting, rooling
medium and growth substances are very important
(Darus 1988 and 1989b; Hu and Shen 1986; and
Wong 1989). Rooting is reported to be greatest for
stem cuttings taken from young materials, treated
with rooting hormoncs, and then planted in a
suitable rooting medium,

Tissue culture techniques have been
developed to propagate both aseptically germinated
scedlings as well as mature plants of some Acacia
species. Although many factors influence the
success of tissue culture techniques, the most
important factors for in vitro culture of Acacia
species are:

¢)) the concentration levels of
cytokinins auxins used

(2) the choice of explants

For cxample, Darus (1988) reported that with the
right explant any cytokinin lzvel used, A. mangium
nodal cultures yielded more shoots per explant than
the results given by Yang et al. (1989).

An important aspect to highlight is the
genetic stability of micropropagated regenerants
derived from tissuc culture. Darus (1989a)
reported that all rooted plantlets of A. mangium
are normal diploid (2n=26) similar to normal
germinated scedlings. However, growth of tissue

culture plantlets was somewhat slower than that of
germinated scedlings. The average height of the
micropropagated plantlets at 12 months after
potting was 46.5 cmn; the germinated scedlings at
the same age averaged 81.6 cm.

Priority Areas for Future Research

Bascd on this review, priority areas for
further studies on propagation by stem cuttings and
tissue culture are:

1. Effect of environmental factors, such as air
and medium temperatures, photoperiod,
light intensity and air humidity on rooting
performance of acacia stem cuttings,

2. Effect of carbohydratc content on rooting
performance of stem cuttings and the
cause of mortality of stem cuttings in the
rooting beds.

3. Coppicing habits of Acacia specics and
rooting performance of stem cuttings taken
from coppiced shoots.

4. Number of rooted cuttings or the number
of rooted plantlets tha can be produced
from a single scedling or explant in one
year.

5. Callus and cell cultures of Acacia species.
Both are important techniques for casicr
mass production of genctically improved
planting materials.



Discussion Notes

For tissuc culturc propagation of A. mangium,
cover with plastic for higher humidity. Inoculation
is casy. Don’t transfer cuttings too quickly after
root development. Each explant produces more
than 20 shoots.

The medium for tissuc culture of the 4.
auriculiformis x A. mangium hybrid is the samce as
that uscd for 4. mangium.

The gences that determine form have not yet been
identificd, but at FRIM current studies are
cxamining the genes controlling growth
performance of A. mangium; these require
isocnzyme studies first, in order to identify which
can hybridize.

What material is best used for
propagation by cuttings?

Question:

Both young and mature cuttings
can be used, but cuttings from
maturc plants must be from
coppice growth in order to
develop roots.

Answer:
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Overview of Acacia Research in Sabah

Sim Boon Liang

Domestication of A mangium

Acaria mangium is a robust, fast-growing
leguminous trec capable of colonizing problem
sites. Its sitc amclioration ability has attracted
much attention for usc in rchabilitating degraded
land and reducing crosion.

Acacia mangium was unknown as an cxotic
until 1966, when it was introduced into Savah,
Malaysia by an Australian forester, D.I. Nicholson.
The genetic basc was only a small quantity of sced
collccted from a single tree standing beside a
bridge over Lacey’s Creek, on the road between
Mission Beach and El Arish in Quecensland,
Australia. The first seedlings were planted in
fircbreaks around pine trial plots in Ulu Kukut
(300 trces) in Jalan Madu and as trial plots in Gum
Gum (100 trees) and Sibuga (70 trees) in Sabah.

Sced from the Ulu Kukut planting was
subsequently harvested and a pilot plantation was
cstablished by Sabah Softwoods Sdn. Bhd. (SSSB)
in 1976. Since then the specics has been intensively
domesticated and the Sabah Forest Department
and various forest plantation agencics in Sabah
have devoted much rescarch to study of the species.

The discovery of the A. mangium x A.
auriculiformis hybrid in Sabah has generated great
enthusiasm for using the higher- yielding hybrid for
commercial planting. This stimulated ACIAR-
Malaysia collaborative rescarch on the hybrid’s
phenology, controlled pollination, vegetative
propagation, and development of isozyme
technology.

In 1989, the first successful commercial
production of printing and writing paper using
Acacia mangium paper was reportcd by Sabah
Forest Industrics Sdn. Bhd. (SFI). The paper
quality was found to be good. There is also great
potential for blending 4. mungium wood with
mixed tropical residual wood fer production of
quality printing and writing paper. This was an
important breakthrough, and removed all doubts

about the suitability of mangium wood for making
quality paper. The commercial (est results has
given many planters confidence and provided a
major boost to tree-planting industries locally and
abroad.

A. mangium has also become a popular
plantation tree species for afforcstation, crosion
control, and agroforestry. The number of countries
planting A. mangium is incrcasing. Currently over
100,000 ha of this specics has been planted
worldwide, Malaysia, Indoncsia, and ™ ictnam
having the greatest proportion. Rapid expansion of
A. mangim plantings is anticipated; a further
200,000 ha of plantations arc already committed.
Seced is currently sclling for over US$1,000 per kg
on the international market (SFI working plan
1990).

From a notorious weed in Australia,
mangium has become an important weapon in the
battle against the rampant deforestation of tropical
arcas. The successful domestication of A. mangium
has also generated keen interest into exploration
and testing of other related tropical acacias.

Specles-Site Matching Trials

The productivity of a tree plantation
depends to a great extent on correctly matching the
right specics to the right site. Rccognizing the
importance of the correct lioice of species and
sced source, a series of species-sitc matching trials
have begun in Sabah. SFI has tested over 300
provenances of 40 hardwood and softwood species
in replicated trials across 6 distinctive site
conditions (ranging in altitude from 100-1,000 m, in
mean annual rainfall from 2500-3100 mm, and in
pH from 4.1-5.6), representing the range of site
variation within the 289,000 ha of SFI concession.

The results of these trials show clearly that
no single species is best for all sites. The tropical
acacias arc preferable for tropical lowland arcas
(below 800 m asl). A. crassicarpa, A. aulacocarpa,



and A. mangium perform better than other tested
specics in terms of fiber production per unit arca
(Sim and Gan 1987),

A. mangium

A. mangium alrcady has a good track
record as a plantation specics and is the most
widely planted specics in Sabah, On decp, claycy
soil it tends to produce multiple lcaders, Growth is
fast but not as productive as Gmeelina arborea on
these prime sites.

On sandy and shallow soil, A. mangium
tends to be stunted after the first cight months of
growth, It is slower growing than A. crassicarpa on
this type of extreme site (Sim 1986).

A. crassicarpa

In the iowlands with deep and clayey soil
and clean ground conditions, A. crassicarpa’s
growth is comparablc to A. mangium. It is
outstanding on poor shallow and sandy soils, On
poor sitcs it has been recorded growing twice as
fast as A. mangium.

A. aulacocarpa

On good sites, A. awlacocarpa grows morc
slowly than A. mangium, although the two arc
comparablc on shallow and sandy site. Duc (o its
higher wood density and better pulping quality, A.
aulococarpa offers good potential for pulp,

Tree Improvement

A. mangium has been commercially
planted in Sabah since 1976. The (otal area
planted to A. mangium in the state exceeds 20,000
ha. Commercial plantations arc mainly large,
identificd block plantings of various sced sources,
with boundaries clearly marked in the ficld and
accurately mapped.  Planting and sced origin are
well-documented. In addition to this well-
documented population of known genetic base,
replicated, range-wide provenance trials and half-
sib progeny trials were begun in several locations jn
1977. Initially, populations tested were all
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Quecnsland provenances. Papua New Guinca and
Indonesian provenances were brought in after 1981,

The breeding of Acacia mangium in Sabah
commenced 12 years ago. Initial aims of the
genctic improvement program were to (1) obtain
marked improvement of stem straightness and
branching habit, and (2) reduce thr frequency of
multiple leaders and forking trees, while retaining
the species’ rapid growth rate.

Simple mass sclection was applicd to the
extensive plantations of good provenances available.
More cffective was a progressive program of
sclecting superior trees and establishing clone
banks, clonal secd orchards, and scedling sced
orchards. This strategy proved to be fruitful, as
cvidenced by the carly availability of improved seed
from secd stands and sced orchards that have
routincly produced plantations of visibly superior
quality compared to stands grown from imported
sced, and sced from unsclected stands. These sced
production arcas also generate a handsoine
cconomic return to the research work through sced
salcs.

Impressive cfforts have been made to
broaden the base of genetic material. The
extensive genctic resources which have been
cstablished have laid an important foundation for
the breeding of improved strains of acacias over a
large arca of Sabah in the future.

The extensive serics of replicated species,
provenance, and progeny trials established in
several locations in Sabah serve;

o] to study genotype x environment
interaction

o as partial sclection bases locally
o as local sced production areas

The great number of plus trees selected
(over 500 A, mangium, 100 A. crassicarpa, 30 A.
auriculiformis, 10 A. aulacocarpa) offer an
opportunity for cstablishment of a breeding
population (Sim 1989, 1991).



Breeding and associated work on mass
propagation of acacias, cspecially A. mangium, has
advanced considerably in recent years. Basic
knowledge and techniques required for vegetative
propagation and control pellination have been
acquired.

Hybridization

The first occurrence of a possible hybrid
bztween 4. mangium and A. auriculifornis was
reported in 1972 by Hepburn and Shim in a
roadside planting in Sook, Sabah. Later Tham
(1976) stated that the two specics hybridize and
that the hybrid tends to be taller than its parents.
The cxistence of the hybrid was confirmed in July
1978 by Pcdley after studying the herbarium
specimen (81530) sent to him in January 1977.

The discovery of A. mangium x A.
auriculifonnis hybrid in Sabah has generated great
cnthusiasm to usc the higher yiclding hybrid fer
commercial planting. This has subscquently
stimulated a series of studies into phenology,
controlled pollination, vegetative propagation, and
development of isozyme technology, under an
ACIAR-Malaysia collaborative rescarch Project
(No. 8630), cntitled Hybridization and Vegetative
Propagation of Tropical Acacias.

The following important aspects of
controlled pollination and hybridization were
reported at the workshop related to that project,
held in July 1991 in Tawau Sabah:

o The floral biology of 4. mangium and A.
aunculiformis was described (Zakaria and
Kamis 1992; Chittachumnonk and Sirilak
1991).

o The phenology of flowering of the two
specics in a number of places has been
defined (Sedgley et al. 1991).

o The insect pollinator species (mainly bees)
have been determined.

o Techniques for controlled pollination have
been developed.
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o Isozyme technology was developed for
identification of hybrids and detcrmining
outcrossing rates (Wickneswari and
Norwati 1992; Wickneswari 1989),

o Outcrassing was found to predominate in
the breeding system.

o A methodology was developed for
identifying hybrids using young scedlings
(Rufelds 1988; Gan and Sim 1992).

o Methods for rooting cuttings from young
scedlings were developed, and promising
results were obtained in studics on
rejuvenating and propagating sclection-age
trecs (Wong 1989; Darus 1988; Simsiri
1991; Visaratana 1991).

o Marcotting techniques for mature trees
were developed (Sim 1986).

o Micropropagation techniques for juvenile
material have been developed (Darus 1988,
1991; Semsuntud 1991).

Growth and Yield

The growth and health .of the commercial
plantations in Sabah have been systematicatly
monitored by an cstablished network of random,
permanent sample plots. Growth rate, health, and
soil and foliar nutricnts of each sample plot arc
monitored annually.

Regional volume regressions and volume
tables has been developed for A. mangium by the
three major plantation agencics in Sabah (SFI,
SSSB, and the Sabah Forest Development
Authority, or SAFODA),

Silviculture

Spacing trials, pruning trials, thinning
trials, weeding trials, fertilizer trials and various
nurscry systems and potting medium have been
tested repeatedly by the various plantation agencics
and the Forestry Department in Sabah.



Future Research

The following topics in the arcas of site
tolerance and stability, tree improvement, and
wood utilization should be further studied:

Site tolerance and stability

0 Site stability of the species, especially for
poorer sites such as mine tailings, podzolic
sand, and grassland.

o Nitrogen fixation rate of the various
acacias and their contribntion to
intercropping systems.

Tree improvement

0 Evaluate the advantage of inter-provenance
hybrid and inter-specics hybrid against
pure species across several site conditions.

o Develop simpler controlled pollination
mcthods, including

uses of chemicals for flower
sterihzation

techniques for pollen storage

determination of outcrossing and
selfing rates

identification of the biochemical
factors that determine the expression
of various important characters,
including the role of GA7

genc conservation for future breeding
Wood utilization

A major rescarch and promotion effort
must focus on the utilization and preservation of
acacia wood.  These arc fairly new plantation
species, and information on their wood propertics
and markctability is scarce.
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Discussion Notes

SFI’s mill requires 800,000 cubic meters of wood
annually; the nursery produces 5 million scedlings
annually,

A.mangium is not commerecially viable on poor
sites. A, crassicarpa is far better on poorer siles,
although it suifers crown dic-back.

SFI has used mangium for making paper since
1989. Its preferred status depends on site quality.
For this reason, SFI conducts soil surveys at cach
site before planting; this includes its contracts with
smaltholders as well,

Question:  What is A, crassicurpa’s wood density

and potential for development?
Ansver:  SFI reports that it is better than A
mangium, although pulping qualitics
arc not as good.

Pinhole borer has been a problem in
some A. crassicarpa stands, but this
does not significantly affect pulping
quality. A. crassicarpa is more
vulnerable to wind than A, mangium or
other acacias,

Other uses for A. aulococarpa and A,
crassicarpa include saw wood
(Australia).
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Afforestation of Imperata cylindrica Grasslands
Using Acacia Species

Risto Vuokko, Goran Adjers and Markku Temmes

Introduction

This paper highlights the objectives,
activities, and results of the tree improvement
work donce by the Indonesia-Finland Forestry
Project, emphasizing the role of Acacia specics.

The project started with a pilot phase in
South Sumatra in 1981. Since 1983 it has worked
in Banjarbaru, South Kalimantan, with the main
objective of developing an efficient, large-scale
afforestation system for highly competitive
Imperata cylindrica (alang-alang) grasslands. Tree
improvement activities, such as sclection of proper
species and provenances and development of a
supply of improved sceds, are cssential parts of a
functional afforestation system.

In most trec improvement programs, the
largest, cheapest, and fastest gains can be made by
assuring the use of the proper specics and
provenances within specics (Zobel and Talbert
1984). A land race should be developed to produce
the best adapted individuals with desirable growth
and form. A land race is a population of
individuals that has become adapted to the specific
cnvironinent in which it has been planted. After a
land race is formed, a breeding program can be
considercd (Luukkanen and Rousi 1992).

In the carly years of the project, relevant
information for species and provenance selection
for alang-alang arcas in South Kalimantan was very
limited. Thus a rather large-scale program of
specics and provenance trials was initiated in 1986.
At the same time, several pilot plantations were
cstablished using different species and
provenances. Pilot plantation establishment has
continued, with sced sources sclected based on the
results of the species and provenance trials. Thus
the genctic base has been widened, land races
developed and possibilities for breeding programs
created.

As Acacia mangium was noted to be one of
the most important afforestation species in
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Indonesia, and because it also performed well in
the project’s trials, the project prepared and
initiated a model tree improvement program for
the specics. The program’s objective is to establish
and develop clonal seed orchards using
vegetatively propagated, carefully selected plus
trees.

Field work has been carried out in the
project’s ficld station, located in the basin of the
Riam Kiwa river in South Kalimantan, about 50
km cast of Banjarbaru (3° 30°S, 115° 00'E). The
topography is undulating and the altitude is
100-200 m asl. Annual rainfatl is over 2000 mm,
with a pronounced dry scason from May to
Scptember. The soils are heavy textured, acid (pH
4.8-5.4), and well drained. Soil fertility is moderate
for forestry purposcs (Simpson 1992).

Specles Trials

During 1982-1985, the project carried out
pilot plantings in South Sumatrz (Subanjeriji) and
South Kalimantan (Rantau). The specics in these
trials were Pinus merkusii, Eucalyptus alba, E.
urophylla, Acacia auriculiformis, and A. mangium.

More intensive and long-term specics
testing started in 1986 with establishment of the
special trial arca in Riam Kiwa. So far, some 100
tree species have been planted in trials. The main
interest has been in fast-growing specics, as they
arc expected to be able to compete with
alang-alang grass. However, scveral slow-growing
species have also been tested, some of them under
shade of the fast-growing specics.

The initial sclection of trial specics was
bascd on discussions and correspondence with
some expericneed rescarchers, and obscrvations
from other trials in Indonesia. No computer
programs to assist in species sclection for trials
were available at the time. The critical factor was
the availability of desired sceds. The project
obtained sceds from commercial seed suppliers



(Inhutani, Dendros Seed, Future Forest,
Qucensland (QLD) Forestry Scrvice, Australian
Tropical Plant Supplies), government-sponsored
luboratorics (CSIRO, the Danish International
Development Agency, the Bandung Institute of
Technology, the Forestry Rescarch Development
Centre), universities (Gadjah Mada University,
Oxford), concession holders (Astra, ITCI) and
from other projects (the ASEAN-New Zealand
Afforestation Project, F/FRED). In addition, thc
project’s own collections were arranged in limited
scale in Kalimantan, Java, Sulawesi, Moluccas, and
Irian Jaya. Today, sced acquirement for trial
activitics is greatly improved.

Testing has followed the guidelines
described by Burley and Wood (1976). They divide
the species testing to three phases: specices
climination, specics testing, and specics proving,

The trials were arranged using a
Randomized Complete Block (RCB) design.
Species climination trials were carricd out using
linc plots of five trees, with 6-8 replications.
Specics that performed well in those trials were
studied in morc detailed trials (specics lesting
phase). In these, square plots of 16-64 trees and
buffer rows have been used. The specics proving
phase has been initiated with several specics by
establishing pilot plantations (1-5 ha).

Recently some small trials have been
cstablished using the Nelder wheel design, which
allows testing of species/provenance and spacing in
the same trial. This design limits the use of some
statistical analysis, but is considered a very cffective
demonstration block design (Briscoe 1990).

Results from the Species Trials

Burley and Wood (1976) consider the final
results from specics trials to be available at half of
the rotation age. Bascd on our experience in
Kalimantan, this means 3-5 years for fast-growing
specics, and 10-20 years for others. The usc of line
plots (or any other small plots) shortens the life of
the trial duc to interactions between adjacent plots,
Some conclusions from the species trials in Riam
Kiwa have been prepared (Hadi, Vuokko and
Adjers 1990a, Nikles 1990, Vuokko 1991).
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Several acacias have performed well, with
particularly impressive survival in the ficld (90-
100%). Among all the wrial species, the acacias
scem to have the best potential considering both
survival and growth,

Acacia mangium has grown well, as
expected. A. crassicarpa has grown even better
than A. mangium in the species climination trials,
and gencerally very well in other trials 100,
Especially on dry and poor sites, 4. crassicarpa
seems to be superior, A. aulacocarpa, A.
auriculiformis, A. cincinnata, A. leptocarpa, and A.
oraria have shown good carly survival and height
growth. However, A. oraria remained a small bush
and the growth rates of A. cincinnata and A.
leptocarpa have clearly slowed down after 3-4 years.
A. hylonoma was planted in a specics trial in 1988,
It has high survival but relatively slow growth
compared to the promising acacias.

Acacia aurcilifornis, A. aulacocarpa, A.
crassicarpa, and A. mangium are all very promising
afforestation species and arc now in more detailed
tests. A. polystachya has recently been included in
species climination trials, and its carly growth and
survival have been quite good.

Provenance Trials

Once promising specics are found, the next
logical step in an improvement program is to
continue with provenance trials of those specics,
The Indonesia-Finland project has cstablished
provenance trials of 12 species, of which the most
cemprehensive and successful are those with
tropical acacias. The trials with other specics have
suffered from a limited range of provenances,
silvicultural difficultics, and fire destruction.

Burley and Wood (1976) divide provenance
testing into three phases: range-wide provenance
sampling, restricted provenance sampling, and
provenance proving. The trials of acacias in Riam
Kiwa represent mainly the two first steps, but also
cxtend somewhat into the third phasc (pilot
plantations/base populations using diffcrent
provenances).



The provenance trials have employed an
RCB, using plots of 16-49 trces with 4-6
replications. The plots have becn measured
annually for height, DBH, number of stems, and
crown diameter. Some trials have been analyzed in
greater detail for M.Sc. and Ph.D. theses.

Recently more attention has been paid to
the representative sampling within a provenance,
The desired number of parent trees has been set at
20 or morc (Nikles 1990).

Acacia mangium

The project has established a total of four
provenance trials of A. mangium. The first trial,
begun in the rainy scason of 1986-87, consisted of
25 provenances or land races. Although this trial
represented quite well the species’ natural
distribution, it did not include any provenances
from Mcrauke (Irian Jaya) or Papua New Guinca
(PNG).

The second trial, cstablished one year later
(1987-88), consisted of three PNG provenances and
the Subanjeriji land race. It was thus an cxtension
of the first trial, the Subanjeriji origin connecting
the two trials.

The next two trials were planned based on
the results of the carlier trials. The scarch for
provenances for Lesting in these trials focused on
thosc that performed well in the carlier trials and
on other provenances not (ested in those trials,

As there were many seedlots available in
various sced laboratorics, the geographical arca
covered was divided among 9 provenance regions,
0-8 (Nikles 1990). Sceds of 1-4 provenances from
all 9 regions were acquired, and the two trials were
planted in 1990-91 and 1991-92. The most recent
trial, in particular, is expected to give veluable
information, as it includces all the gencrally high-
performance provenances (Table 1). The
approximate locations of the provenance region:
arc marked on the map in Figure 1, which also
shows the locations of Indonesian and Malaysian
provenances/land races tested in 1986-87 trial.

Acacia auriculiformis

During the rainy scason of 1989-90 a
provenance trial of A. auriculiformis was
cstablished as part of the multilocation,
international provenance trial of the species,
organizcd jointly by the F/FRED project and
CSIRO. There arc 25 provenances in the trial,
representing a wide range of distribution of the
specics (QLD and Northern Territories in
Australia, and PNG).

Acacia aulacocarpa

A. aulacocarpa has grown rather well in
species climination trials, but has been remarkably
multi-stemmed. In 1991-92 the project cstablished
a small provenance trial of the species with five
provenances from PNG and onc from Irian Jaya
(Table 2).

Acacia crassicarpa

This specics was introduced to Riam Kiwa
in 1986, and the authors arc aware of no previous
trials with this species in Indonesia. From the
beginning, the species has shown good growth, and
in specics trials has performed cven better than A4.
mangium.

Difficultics with seed supply have limited
further festing of this specics, however. Thus, only
a small provenance trial with three provenances
was cstablished in 1989.

In 1991, the project acquirced sceds of 13
diffcrent provenances. These seed cnabled the
establishment of a good provenance trial of the
species representing both PNG and QLD origins
(Table 3). The old trial will be converted into a
temporary secd stand.

Resuits from the Provenance Trials
Acacia mangium

The 1986/87 provenance trial has been
analyzed at age 30 months (Hadi, Vuokko and
Adjcrs 1990b) and 61 months (5.1 years). Thesc
results can be considered final, having well



Table 1. Acacia mangium provenances in the provenance trial” established 1991-1992.

Sced No. of Approximate
No Region supplicr Crigin parent number of
trees secdlings
1 0 517866 PNG 06°51'S 141°29'E 34 1440
2 1 f1996 PNG 08°31'S 142°41'E 24 1080
3 1 516971 PNG 08°47S 142°52’E 120 5175
4 1 517872 PNG 08°49'S 142°54'E 140 14400
5 2 f2011 PNG 08°01'S 142°58’E 35 675
6 2 516938 PNG 08°05°S 142°58'E 70 3285
7 2 ff2013 PNG 08°19'S 143°02’E 50 630
8 3 516997 PNG 08°37S 141°58'E 30 4320
9 3 [11981 PNG 08°40°'S 142°00’E 20 1980
10 3 516990 PNG 08°42'S 141°52'E 25 3285
1 4 f1998 PNG 08°31'S 141°13'E 25 720
12 4 MOF Erambo, Mecrauke, Irian Jaya 30 900
13 5 517701 QLD 12°45'S 143°17E 57 2700
14 5 517946 QLD 12°48'S 143°18'E 60 1350
15 6 a538 QLD 15°53'S 145°20'E 50 6750
16 6 d590 QLD 16°16'S 145°2I'E 227 3375
17 6 s15367 QLD 16°31'S 145°24’E 120 1845
18 8 515238 QLD 18°00’S 145°50’'E 170 810
19 - Inhutani Subanjeriji,S. Sumatra ? 2340
20 4 SRW Pulup, Irian Jaya 2 540

s = CSIRO, Australia; ff = Future Forests, Australia; a = Australian Tropical Plant Supplics; d = Dendros
sced, Australia; SRW = Surya Raya Wahana, Indoncsian forestry company, MOF = Ministry of Forestry
*4 replications, 7 x 7 tree plots, 3 m x 3 m spacing, 20 x 4 x 49 trees = 7920 trees, plus buffer rows.

Figure 1. Map showing the provenance regions and other seed sources tested in the provenance trials in
Riam Kiwa. Rcgions under detailed lesting are numbers 0-8. Other numbers refer to; 9 = Sidci, 10 =
Ceram, 11 = Pulau Taliabu, 12 = Sanga-Sanga, 13 = Barabai, 14 = Subanjerji, and 15 = Sabah,
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cxcceded half of rotation age (Hadi, in
preparation). The trial was also sampled for a
study on wood propertics (Lauriia, in preparation),

The 1988/89 trial, consisting of PNG
provenances, will be converted into a temporary
sced stand as the 1991-92 trial will completely
replace it. A report of this trial is in preparation
(Vuokko and Azis, in preparation). The following
paragraphs describe results from these two trials,

Survival of all provenances has been good,
varying between 90 and 100%. Height growth
development of sclected provenances from the
oldest trial (1986-87) is presented in Figure 2. The
tallest provenance in the trial is Claudie River,
QLD. The widely used Indonesian land race
Subanjeriji, South Sumatra and Sidei from Irian
Jaya show slower growth. The poorest performer
in the trial is the Sanga-Sanga land race from East
Kalimantan. The growth curves show very large
provenance differences.

The provenance with best height growth
also shows the best diameter growth. If stem
volumes are compared, the differences between
provenances become huge. The best provenances
rcach(.d mcan annual increment (MATI) of 50-60
m /ha/y(.dr whercas the Subanjeriji did not excced
30 m /ha/y(.ar The Sanga-Sanga origin produced
less than 20 m3/ha/ycar, and thc amount of usable

wood is cven smaller duc to its forking stem
(Schildt 1992),

In general, provenances from the
northernmost tip of Queensland and southern PNG
have performed better than those from Irian Jaya
or land races from clsewhere in Indonesia or
Sabah. Similar results have been obtained in
several other trials (Harwood and Williams 1991).
There scem to be big differences in siem quality
properties between provenances (Hadi, Vuckko
and Adjers 1990b). Such differences in stem
quality can be clear even between provenances that
are geographically rather close (Vuokko and Azis,
in preparation).

The Mcrauke provenances were not
present in the older trials. They are included in
the younger trials of 1990-1992, and arc of great
interest as they may have some of the good
characteristics found in ncarby PNG provenances.

Acacia auriculiformis

Somc preliminary results from the A.
auriculiformis trial at two ycars (Table 4) indicate
that proverances from PNG arc very vigorous,
whereas the provenances from QLD have the best
stem form (highest percentage of single stems, 74-
97%) and a survival excceding 95% for all
provenances. The provenances of NT are poor
both in vigor and quality, although there appear to

Table 2. Acacia aulacocarpa provenances in the provenance trial” cstablished 1991-1992.

Seed No. of Approximate
No  supplier Origin parents number of scedlings
1 {11983 PNG 08°05'S 142°58'E 50 810
2 516996 PNG 08°38'S 142°03'E 150 900
3 s17628 PNG 08°33'S 141°45°E 50 540
4 £f1986 PNG 08°01'S 142°41'E 40 945
5 ff1987 PNG 08°31'S 141°13’E 70 1080
6 SRW Bade, Irian Jaya 5 1035

s = CSIRO, Australia; ff = Future Forests, Australia; SRW = Surya Raya Wahana, Indonesian

forestry company. *4 replications, 7 x 7 tree plots, 3 m x 3 m spacing, 6 x 4 x 49 trecs =

plus buffer rows,

1176 trees,



Table 3. Provenances of Acacia crassicarpa planted in the provenance trial established 1991-1992 in Riam
Kiwa, South Kalimantan, Indonesia.

Sced No. of Approximate

No  supplier Location parents number of seedlings

1 1£2000 PNG 08°31'S 141°13'E 9 13957

2 516598 PNG 08°37'S 141°55'E 230 6075

3 s16602 PNG 08°31'S 141°13’'E 41 855

4 513680 PNG 08°51'S 141°26’'E 21 675

5 516993 PNG 08°40°'S 141°50'E 20 900

6 517552 PNG 08°53'S 141°17E 35 900

7 517561 PNG 08°40’S 142°43’E 30 630

8 s17869 PNG 08°45'S 141°37'E 34 675

9 516977 PNG 08°49'S 142°48'E 20 1806

10 516128 QLD 11°02'S 142°22’E 15 540

1 s17948* QLD 12°38'S 143°23'E 10
517943* QLD 12°19'S 142°S0’E 5 585
s17944* QLD 12°48'S 143°18'E 4

12 s16755* QLD 15°36'S 145°19°E 3 405
515950* QLD 15°36'S 145°20'E 10

13 516598 PNG 08°37S 141°55'E 230

*4 replications, 7 x 7 tree plots, 3m x 3 m spacing, 13 x 4 x 49 trecs = 2548 trees, plus buffer rows,
**Mixed scedlots
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Figure 2. Height growth (m) of four provenances of Acacia mangium in the
1926-87 provenance trial in Riam Kiwa, at 61 months (5.1 years).
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Tahle 4, Height growth and percentage of single stem trees at the age of 24 months of various Acacia
auriculiformis provenances in Riam Kiwa, South Kalimantan, Indonesia.

CSIRO No. of Parcnt Height % Single

No. Seedlot No. State trees (m) Stem

1 15483 QLD 5 78 90

2 15697 QLD 10 7.2 90

3 15985 QLD 10 6.7 94

4 16142 QLD 7 74 74

5 16145 QLD 20 75 93

6 16484 QLD 6 8.0 97

7 16485 QLD 7 7.6 90

8 16147 NT 5 8.6 74

9 16148 NT 10 6.7 57

10 16149 NT 10 57 77

11 16151 NT 8 59 64

12 16152 NT 10 71 60

13 16153 NT 5 6.4 79

14 16154 NT 9 7.2 83

15 16155 NT 4 8.0 84

16 16156 NT 6 74 78

17 16160 NT 10 61 7

18 16163 NT 9 8.0 88

19 16187 NT 7 69 74

20 16101 PNG 16 82 81

21 16103 PNG 7 80 57

22 16105 PNG 12 71 54

23 16106 PNG 35 84 63

24 10107 PNG 19 88 74

25 16108 PNG 8 77 64

be exceptions (Table 4). In general there seems to when 1. cylindrica grasslands are afforested.
be greater variation within provenances than in A4. Information gaps remain in sevzral fields and need
mangium provenances, which produce very uniform to be addressed.

stands. A trial report will be prepared in

cooperation with Winrock. Nutrition

Nutrition is an area for which information
Future Activities is lacking. Additional fertilizing trials were
established in 1991/92. Priority species are A.

General mangium and A. crassicarpa (Simpson 1992).

Future project activities will depend in part Thinning, spacing, and growth and yield trials
on the results of the established trials, especially
those planted in 1991/92. The emphasis will be Volume and yicld assessment, as well as
more centered on the whole management system thinning trials of A. mangium were laid out in 1991



in a 4-ycar old stand. This work is donc in
cooperation with Gadjah Mada University in
Yogyakarla.

The first volume tables are expected to be
rcady during 1992, The yicld study and the
thinning trials will take threc to four morc years to
be completed.

Spacing trials with 4. mangium and A.
crassicarpa were cstablished but unfortunately lost
to wild firc in October 1991. New trials of 4.
mangium and A. aulacocarpa were planted in the
first half of 1992,

Forty-five semi-pcrmanent yicld plots in
South Kalimantan and South Sumatra have also
been laid out and arc now being monitored,

Model tree improvement program for
Acacia mangium

Acacia mangium is a well tested, reliable
afforestation specics that also has potential as raw
material for industry. The specics has been widcly
uscd in planting programs in Indoncsia, niostly
using seed from collections in plantations of -
Subanjeriji, South Sumatra. The genetic base of
those plantations is very narrow, and the use of
these plantations as the major sced source of A.
mangium should be avoided (Nikles 1990 and
1991). Furthermore, the provenance trials carried
out in Riam Kiwa have shown that several sced
sources in QLD 2nd PNG are superior to the
Subanjeriji land race. Better sced production arcas
can and should be developed in Indonesia, This
has bzen addressed by the project.

The specics and provenance trials, as well
as the pilot plantations with different provenances
of A. mangium, have made it possible to initiate
trce improvement work with this species. The
model tree improvement program for this species
was designed by Dr. Garth Nikles.

For the improvement program, scveral
basc populations of best provenances (provenance
regions 0-8) of 4. mangium have been or will be
established. Sced collected from at least 100
parent trees per provenance region will be used to
cstablish these plantations, which will be at least
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10 ha and preferably larger, From these
plantations, phenotypically good parent trees (plus
trees) will be selected. Their genetic value will be
tested, vegetative propagation of plus trees
developed, and finally sced orchard(s) for
production of genetically improved sced will be
established.

The main undertakings of the tree
improvement program arc listed Lelow.

1982 Acacia mangium compared with
other specics, potential confirmed
in species trials and pilot
planiations (first in Subanjeriji,
South Sumatra and later in
Rantau/Riam Kiwa, South
Kalimantan)

1986-1992 provenance tests established

1987-1996  provenauce tests analyzed

1988 genctic basc populations cstablished
using best provenances in the
provenance trials

1991 plus trees selected in selection-aged
(3-4 years) stands (approximately
10-20 trees can be found annually)

1992 temporary sced stands tended and
thinned

1992 vegetative propagation of acacias
tested

1993 plantlets from plus trees produced

1993 seeds from plus trees harvested,
progeny (ests carricd out

1994 first clonal seed orchard established

1996 sceds from the seed orchard one

harvested, progeny tests, roguing

Later, the sced orchard(s) and the other
created sced stands (base populations) will be used
(o supply sced to government reforestation



programs. Again, though, large-scale seed
collection, storage, and distribution is not the work
of the project, but should be taken up by an
appropriate national organization.

If this model tree improvement program
for A. mangium is successful, it can be relatively
casily repeated in other locations or with another
acacia specics.

Vegetative propagation

In order to find appropriate techniques for
production of plantlets with superior genotypes for
usc in secd orchards, the project initiated studics
on vegetative propagation methods. This work is
still going on, focussed on the project priority
species of A. mangium, A. crassicarpa and A.
auriculiformis.

Sclection of plus trees of A. mangium
started in 1991, The other species have not yet
rcached the selection age. Until they do, it is
possible to develop vegetative propagation methods.

Rooting and grafting

Rooting frequency of A. mangium has
been satisfactory only with stock younger than two
years. There has been little success in rooting or
grafting of cuttings from trees of sclection age (3
years or older).

The highest rooting has been obtained with
A. crassicarpa. In a trial comparing the cffect of
rooting hormones IAA and IBA, 80% of the
cuttings treated with 6,000 ppm IBA rooted. In
another trial 20% of bud grafted plants survived at
the nursery. New trials have been established to
study the ficld performance of such plants.

It is not known why the success of
vegetative propagation of tropical acacias declines
with increasing age. By rcjuvenating the stock
through scvere pruning and decapitation, this
problem may be overcome.

Marcotting

So far marcotting, although tedious, is the
best known successful method. In a marcotting
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trial, 17 out of 50 marcottes of A. mangium rooted.
During the acclimatization phasc in the nurscry,
seven of them died. In this ongoing trial the
marcottes vigorously producc juvenile shoots, which
can bz used for further rooting trials.

Proposed topics for future research

The present Phase IV of the Reforestation
and Natural Forest Management project cxpires at
the end of December 1992, For the next four-year
phase, proposed activitics include:

o continued species and provenance trials

o continued trial and development work with
vegetative propagation

o trec improvement with acacias
o  soil studics and fertilizaiion

o thinning and spacing trials

o  growth and yicld

o amanagcment system for large-scale
plantations in . cylindrica grasslands using
satellite images and geographic
information systems

o  specics for the second rotation after one
generation of acacia

If the project continues into its next phasc,
activitics will focus on the promising Acacia
specics.

Discussion Notes

The nurscry in South Kalimantan, producing 7
million scedlings per year, was turned over to the
Indonesian government several years ago.

A. crassicarpa and A. mangium have proven very
good; A. aulococarpa has been less successful,
showing poor, multi-stemmed growth, Another set
of trials on this latter specics is undcrway, as are
wood-processing studics of A. mangium.
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Acacias in Papua New Guinea:
Current and Future Research

P.B.L. Srivastava and W, Yelu

Introduction

Acacias in the humid tropics have proven
to be truly multipurpose trees. Besides their
commercial use for pulping and as sawn timber,
they have been successfully integrated in some
farming systems as important agroforestry trees for
providing firewood, charcoal, wood, shade, and
shelter. Their fast growth and capacity to stabilize
and improve degraded soils have made Acacia the
most popular genus of afforestation and
reforestation species in many countrics outside
their natural distribution. This paper reviews
current rescarch on acacias in Papua New Guinca
(PNG) and proposcs future course of work for
better understanding their silvicultural
requircments.

Distribution

The ccology and distribution of Acacia
species in PNG has been described by Skelton

(1986). In all, 14 Acacia species have been
recorded on the Papua New Guinca mainland.
Ninc of thesc arc indigenous, two arc naturalized,
and three have been cultivated (Verdcourt 1979).
The specics with their approximate recorded
maximum heights are shown in Table 1.

In PNG, acacias are mostly confined to a
small arca between the Digul and Fly rivers in
southern New Guinca, on a low platcau known as
the Oriomo Platcau in Western Province, and to
the Merauke Ridge in Irian Jaya, Indoncsia. There
the shrub A. simsii and five of the large and
medium tree species are common. A. aulacocarpa,
A. crassicarpa, A. leptocarpa and A. pubirhachis
have been observed only in this region of PNG.

The Oriomo Platcau is a slightly
undulating, fcatureless plain through which a
number of shallow-gradient, deep rivers have
incised open valleys. In contrast, the Fly-Digul

Table 1. Acacia species found in Papua New Guinea mainland.

Type Approximate
Specics L M S C max ht. (m) Condition
Acacia aulacocarpa * 35 indigenous
A. auriculiformis * 30 indigenous
A. crassicarpa . 30 indigenous
A. mangium . 30 indigenous
A. meamsii * 25 naturalized
A. leptocarpa * 10 indigenous
A. solandri . 12 indigenous
A. deanei * 6 cultivated
A. famesiana * 4 naturalized
A. flavescens * 7 cultivated
A. holosericea * 6 cultivated
A. simsii * 6 indigenous
A, concinna 18 indigenous
A. pluriglandulosa * tall shrub indigenous

L = large tree; M = medium-sized tree; S = small trec/shrub; C = climber,
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Shelf consists of closely spaced narrow ridges and
valleys with an intricately dendritic pattcrn (Blake
in Paijmans ct al. 1971). This is probably duc to
the higher rainfall: in Oriomo Platcau, mean
annual rainfall varics between 1500 and 2100 mm,
with most rain falling between January and May.
The boundary between moist high forest to the
north and dry evergreen forest and savannas to the
south approximately coincides with the 2200 mm
isohyet, just north of the lower Fly River.

Seed Collection

The Brown River provenances of A.
auriculiformis have been planted extensively in
small woodlots since 1960s and seed of an unknown
Queensland provenance of 4. mangium was
introduced at Bulolo Rescarch Station in 1978,
Still, no rescarch was initiated on acacias in PNG,
in part because it was not considered a priority
genus for afforestation or reforestation. At that
time, and to some cxtent cven now, most research
concentrated on tropical pincs, Eucalyptus robusta,
and E. grandis in the highlands; Araucarias in mid-
montanc arcas; and almost cxclusively E. deglupta
in the lowlands. Initial interest in acacias was for
sced collection from natural stands, especially A.
mangium probably duc o its excellent performance
in Sabah, Malaysia. A large demand for seeds of
this specics was forescen. Sced collections in 1980,
1982, and 1983 arc described by Doran and Skelton
(1982), Turnbull (1982), Skelton (1983), and
Turnbull ct al. (1983). Sced collections from
natural stands of Western Province of PNG are still
being carricd out &s a collaborative project between
the Australian Commonwealth Scicntific and
Industrial Rescarch Organization (CSIRO) and the
Papua New Guinca Forest Rescarch Institute
(PNGFRI). The latest expedition was mounted in
1991 by a CSIRO tcam.

Establishment of Seed Production Stands

Sced collection from natural stands in
Western Provinee was found to be very expensive,
in addition to posing a number of other logistic
problems. The Forest Management Rescarch
Branch therefore decided to cstablish a number of
sced production stands. To date, four 4-ha sced
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production stands of Balamuk, Toko, Iokwa and
Oriomo provenances of A. mangium were
established in Madang in 1984-85. Individual half-
sib offspring from natural mother trees are cqually
distributed on the site. The trees were planted at 8
x 8 m spacing so that they would develop bigger
and wider crowns which would produce greater
quantitics of sced pods. Three trees arc now 30
¢m in diameter at breast height (DBH) and about
15-20 m in height. The first viable seeds were
collected in 1987 (about 8 kg pure sced). During
1988-89, the quantity increased to 10 kg per stand.
However, from the natural trees in Western
Province, as much as 1 kg pure sced could be
obtained from onc tree (Skelton 1983). In 1984,
three 2-ha sced stands of A. auriculiformis werc
cstablished in Bulolo (altitude 700 m). In 1985,
another two 2-ha sced stands of 4. mangium were
cstablished, onc on formerly forested land and the
other two on grassland sites in the same locality.
The A. mangium stands on grassland did not
perform well duc to poor site conditions, dry
weather, and chewing damage on stems inflicted by
grasshoppers or rats (the actual cause could not be
identificd although a rat killer chemical was
applied). In all these stands, a 7 x 7 m spacing was
adopted. Sced collection from these stands began
in 1987-88.

From gencral observations, sced stands
cstablished in logged-over rain forests are
producing trees with better growth and form and
larger crowns; a few have rcasonably straight boles,
good crown form, and small branches, We at
PNGEFRI arc planning to cstablish sccond
generation sced orchards from sceds collected from
these trees. Seed trees in grasslands are poorer in
growth and form. We arc also planning (o
establish more provenance scedling sced orchards
of A. mangium, A. auriculiformis, A. crassicarpa,
and A. aulacocarpa in order to get genetic material
suitable for an improvement program.

Seed Germination and Nursery Practices

After a number of trials, following
procedure has been adopted as a standard:

1. Put sceds in small round containers made
of flywire.



2. Soak the container of seeds in boiling
water for 30 scconds.

3. After 30 scconds, remove the sced
container from the boiling water and soak
in cold water for 24 hours.

4,  Broadcast sceds in germination trays and
lcave them under sarlon shade (50-70%).

Germination begins between 7-14 days
using this procedure. Average germination for all
Acacia spedices is 60%. Two wecks after
germination, scedlings are tubed and left under
sarlon shade (509%) for six weeks. They are then
transferred to stand-out beds and left for three
months before planting out in the ficld. Total time
from sowing to planting out is between five and six
months, when scedlings are 20-30 cm in height. No
improved fertilizer application techniques have yet
been tested. However, JANT found that
application of 3 granules of NPK fertilizer per pot
improved leaf color from yellow to normal dark
green and reduced nursery period by at least a
month. Another major problem in the nursery is
high mortality caused by damping off fungus
discase. The chemical Thiram has been found very
cffective in controlling this discasc.

Species and Provenance Trials
Acacia mangium Provenance trial

This trial, cstablished in 1982 in the
lowland forest arcas of Gogol Valley, Madang
Province, tested nine provenances: four from
PNG, five from Australia, and control of two other
species — Eucalyptus deglupta and A. auriculiformis.
Three types of sites were selected for this trial:

o  cx-forest, hill imperfectly drained
o cx-forest flat, poorly drained

o Imperata cylindrica-dominated grasslands
hill, imperfectly drained

Preliminary results at age 2.5 years (1985
mcasurcments), reported by Skelton and Howcroft
(1986), showed that Balamuk provenance had the

best height growth, although the differences among
provenances was nol statistically significant at P<
0.05. The trial was terminated in 1987 at age 5
years, but the data have yet to be analyzed.

Acacia auriculiformis Trial

Most PNG rescarch on this specics was
confined to the trials established in anthropogenic
grasslands in East Sepik Province. From
continuous gardening for subsistence agriculture,
these plains have deteriorated to fragile, poorly
drained soils. Lamb (1975) described widespread
mortality ¢° this specics, possibly due to
watcerlogged soils for lack of pathological evidence.
Incflective mycorrhizae could also be responsible.
A spacing trial to study the species’ form was
abandoned in 1979 after pigs repeatedly uprooted
scedlings. Growth plots of this specics were
established on three sites in Bulolo, representing
the same types of sites as in the A. mangium
provenance trial described above (grassland hill,
imperfectly drained; ex-forest hill, imperfectly
drained; and ex-forest flat, poorly drained).
Obscrvations indicate best performance on ex-
forest hill site.

Acacia Species cum Provenance Trial

In 1986, a specics cum provenance trial of
PNG acacias was cstablished in a randomized block
factorial, replicated at two (ex-forest hill, well
draincd, and 1. cylindrica hill imperfectly drained)
sites. The details of the species and provenances
are given in Table 2. Total trial arca was 1.1 ha on
cach site with 18 m x 18 m plot (0.0324 ha). There
were 33 plots on cach site with one plot per
treatment.

At age 1.5 years, A. mangium, B 1622,
Toko provenance showed the best height growth
(1.70 m) on the grassland site (P<0.01), but not
significantly different from A. auriculifonnis, B 1612
Bula, A. auriculiformis, B 1608 Balamuk and A.
auriculiformis, B 1610, Iokwa provenances, At
P<0.05, A. mangium, B 1622, Toko was greater
than all treatmeants but not significantly greater
than A. auriculiformis, B 1612, Bula. In terms of
survival, trecatments 4 and 11 were the best.



Table 2. Acacia specics and provenances tested.

Treat- Batch Gm

ment No, No. Sowed Specics Provenance

1. 1602 10 A. aulacocarpa Tokwa

2. 1604 10 A. aulacocarpa Oriomo River
3. 1606 10 A. aulacocarpa Keru

4, 1608 10 A. auriculifonnis Balamuk

5. 1610 10 A. auriculifonnis Tokwa

6. 1612 10 A. auriculiformis Bula

7. 1614 20 A. crossicarpa Wemenever
8. 1616 20 A. crassicarpa Mata

0. 1618 20 A. crassicarpa Oriomo River
10. 1920 20 A. crassicarpa Woroi/Wipim
11, 1622 10 A. mangium Toko

On the well-drained, ex-forest site, A,
auriculiformis, B 1602, Balamuk showed greater
height than other treatments (max height = 6.81
m), at P<0.01, but not significantly different from
A. auriculiformis, B 1612, Bula, A. mangium, B
1622 Toko and A. auriculiformis, B 1610 Iokwa
provenances. At 5% level, A. auriculiformis, B
1602 Balamuk and B 1612 Bula were greater than
the rest of the treatments but significantly not
different from A. auriculifornis B 1610 Iokwa
provenance. In terms of survival, A. auriculiformis,
B 1608 Balamuk again showed the best
performance. The trial was terminated in 1990, but
the data have not been analyzed.

Other Trials

To determine which multipurpose tree
specics arc suitable for different sites and
altitudinal zoncs, the Department of Agriculture
and Livestock cstablished a serics of growth/
observation plots of a number of legume specics,
including Acacia species. In almost all
characteristics (height, number of branches,
biomass, volume) in both lowlands and highlands,
A. angustissima, introduced from South America,
performed the best in two years of observations,
This specics withstands drought and watcrlogging
and has a decep tap root system

suitable for rchabilitating degraded and marginal
sites. Though its greatest potential lies in
alleycropping and fallow management in the
highiands, its prolific sceding could also make it a
weed specics (Kanua and Sitapai 1992).

In another trial, A. auriculiformis and A.
crassicarpa were planted at 4 x4 m and 4 x 1 m,
with intercrops (using alley cropping system) of
lettuce, chinese cabbage, zucchini, cucumber,
cggplant, snake bean, radish, celery, carrot, tomato,
turnip, watermelon, sweel potato, and maize. At
age (wo years, A. auriculifornis and A. crassicarpa
showed a mean Leight of 5.8 m and 7.0 m,
respectively, and mean diameter of 5.9 cm. A,
auriculiformis yielded more total biomass than A.
crassicarpa, maialy duc (o its more dense branching
(Gessesse 1992),

Research Priorities and Future Program

This bricf review reveals that rescarch on
Acacia specics in PNG has been limited mainly to
establishment of sced production stands and a few
specics and provenance trials. This has been due
to two reasons:

1. Neither timber companics nor the
Department of Forests considerced acacias



priority species for reforestation. To date,
more than 80% of rcforestation land
(about 42,000 ha) is covered by Eucalyptus
and Pinus species, Acacia mangium covers
only 1.1%. Only in the last few ycars have
some timber companics started large-scale
planting of A. mangium, once it was
proven beyond doubt that this specics
grows faster than E. deglupta on the same
site in Gogol Valley.

2. Lack of trained personncl and funding.
Since acacias arc now attracting attention
from large timber companics for planting programs
and their potential for intcgration with subsistence
farming systems, PNGFRI’s rescarch program
includes the following investigations, subject to
availability of funds:

1. Species suitability

Acacia spccies trials on a range of
climato-cdaphic conditions

2. Nursery techniques

Shorten nurscry period and tube size
(through application of fertilizers)

Production of planting stock by
vegetative propagation

Rhizobia inoculation trials

3.  Plamations
Site suitability — specics trials
Direct sowing vs. transplanting
Spacing — closer for pulp and paper
Tending and thinning
Fertilizer trials

Growth and yicld

4.  Tree improvement
Sclection of plus trees
Establishment of clonal sced orchards
Progeny testing
5. Others
Testing acacias in agroforestry trials

Stratcgically, we have decided to
implement the program through three means:

o Establish rescarch trials with our own staff
and funding resources

o Collaborate with timber companies in their
ongoing plantation programs

o Through the MPTS Rescarch Network,
collaborate with other organizations,
especially the Department of Agriculture
and Livestock

Discussion Notes

Germination and nursery work has not been
studied as it is gencrally standardized by now.
There is a need to find a species as acceptable to
the farmer as Casuarina oligodon.

Regarding fertilizer studies:

PNG soils generally do not require fertilizer. A.
mangium has suffered large-scale mortality in
waterlogged conditions.

SFI finds that there have been few in-depth studics
of fertilizer application. Its cffectiveness often
depends on site quality. Often, N interferes with
rhizobium activity of A. mangium. Phosphorus (P)
and potassium (K) leach quickly. A cost-benefit
review of compound fertilizers is needed.



References

Doran, J.C. and D.J. Skelton. 1982. Eucalypt sced
and botanical collections in Papua New
Guinca. Forest Gencetic Resource
Information Paper No. 11, Rome; FAO.

Gessesse, B. 1992. Agroforestry training: nced
for coordination extension. Paper
presented at National MPTS Rescarch
Mceting, May 25-26, 1992. Lac, PNG:
PNGFRI.

Kanua, M.B. and E.C. Sitapai. 1992. Agroforestry
sustainable agriculture rescarch
programme. Paper presented at the
National MPTS Mceting 25-26 May 1992.
Lac, PNG: PNGFRI.

Lamb, B. 1975. Kunjingini plantations. Trop. For.

Res. Note No. 24. PNG, Dept. of Foresls
Publication.

Paijmans, K., D.H. Blake, P. Blecker and J.R.
McAlpine. 1971. Land Resource of the
Morehead-Kiunga Area. PNG Land Res.
Scries No. 19. Canberra, Australia;
CSIRO.

Skelton, D.J. 1983. Provenance seed collection of
Acacia mangium Willd. in Western
Province, Papua New Guinea, October
1980. Working Paper No. 10,
FAO/UNDP-Mal/78/009. Forest Res.
Centre, Scpilok, Sabah, Malaysia.

- 1986. Distribution and ecology of
Papua New Guinea acacias. In Australian
Acacias in Developing Countries, cd. J.W.,
Turnbull; 38-44. ACIAR Proccedings No.
16. Canberra: ACIAR.

Skelton, D.J. and N.H.S. Howcroft. 1986. Secd
production and silviculture trials of acacias
in Papua Mew Guinca. In Australian
Acacias in Developing Countries, cd. J.W,
Turnbull; 185-190. ACIAR Proccedings
No. 16. Canberra: ACIAR.

49

Turnbull, J.W, 1982. Tropical acacias in
Australia, Indonesia and Papua New
Guinca. Report of FAO Consultant,
CSIRO Division of Forest Rescarch,
Canberra, Australia,

Turnbull, J.W,, DJ. Skelton, M. Subagyno and
E.B. Hardijanto. 1983. Sced collections of
tropical acacias in Indonesia, Papua New
Guinca and Australia. For. Genetic
Resource Information Paper No. 12,
Rome: FAO.

Verdcourt, B. 1979, A manual of New Guinca
legumes. Botany Bulletin No, 11. PNG
Dept. of Forests.



Research on Acacias and Their Potential

Kovith Yantasath, Panas Buranasilpin, Winai Supatanakul,
Sayan Tanpanich, Suthijed Chantrasiri,
Siriphong Patanawibul, and Samart Jitanawasan

introduction

The rapid depletion of tropical forests has
led to critical shortages of fuclwood in rural areas
of many tropical countries. One way to tackle this
problem is to develop sustainable agro-forest farms
and communitics, in which fast-growing,
multipurpose tree species (MPTS) play an
important role, providing fuclwood, animal feed,
green manure, food, soil and environmental
conscrvation, and other wood uses.

Many species used in tree-planting
programs, cspeciatly in industrial plantations, are
gencerally regarded as single purpose, and not
adapted for the multiple needs of furm
communitics. The Thailand Institute of Scientific
and Technological Research (TISTR) is one of
many institutions undertaking rescarch on MPTS
and recently on acacias and other species
considered to have potential as MPTS,

Among potential MPTS, the genus Acacia,
widely distributed in South America, Africa,
Australia, and Asia, is becoming more popular
among rescarchers. So far, this popularity in
humid and subhumid arcas is limited to a few
species, particularly Acacia auriculiformis and A.
mangium, This paper reports on TISTR’s rescarch
on acacias and recent results from TISTR species
and provenance trials, highlighting promising, lesser
known specics and provenances.

TISTR Research on Acacias

Recent acacia rescarch has been reported
in Turnbull (1987, 1991}, Boland (1989), in the
annotated bibliography on A. auriculiformis
prepared by Pinyopusarerk (199%0), and in Lantican
and Taylor (1991). TISTR’s contributions to these
have included a rescarch project undertaken 1982-
1986, with support from the U.S, Board on Scicnce
and Technology for International Development
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(BOSTID), testing A. auriculifonis and A.
mangium along with other fast-growing, nitrogen-
fixing tree species. In these, both species showed
cutstanding adaptability to acid-sandy soil. Other
results include:  biomass yields related to plant
spacings; coppicing and regrowth characlerislics;
fertilizer responses; feed and digestibility
properties, physical and heating properties and pulp
qualitics (Yantasath ct al. 1985, 1986, 1987, 1992)
as well as the relationships between tree species
and several genera of vesicular-arbuscular
mycorrhicze (VAM) associated with the tree’s
roots (Yantasath 1989; Poonsawad and Yantasath
1991).

During 1986-1990, TISTR received follow-
on support from BOSTID to conduct rescarch on
acacias in a project entitled Management and
Production of Selected Nitrogen-Fixing Trees.
Ficld trials were established to:

0 eveluate the site adaptabilities of several
Acacia species and provenances, along with
other species

0 identify significant genetic variability in
tree forms and yiclds

o identify breeding systems and pollination
biology of A. auriculiformis ar.d A.
mangium

0 develop regression relationships of the tree
performances to different climatic and soil
variables

The experiments were conducted under
four different sets of soil and climatic conditions in
the provinces of Chiang Mai (northern), Chonburi
(castern), Chumphon (upper southern), and Surat
Thani (southern). Site desceriptions are given in
Table 1. The experiments were established as yield
trials, species elimination trials, half-sib progeny
selection trials, and phenology studics.
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Table 1. The TISTR <ites of Acacia trials.

Soil
Mean
Latitude, Alti- Classification Characteriza.ion Physio-  Slope Perme-  Drain- Natural No.of Tempera-
Location Longitude  tude graphy abi'ity age Vegetation Rainy ture Humidity
(m) Annual Rainfall Days  (°C, (%)
0-24 21-50 51-100 mm dist.
Macjo Agri. 18°56'N 390 Kanhaplic 3andy Sandy Sandy Inter- 1%, facing Moderate Well Dipterocarp 1,108 5 months 116 Mean: 27 Mean: 69
Techology 99°03' E Haplustults, loam loam clay mountain Southeast drained  forest 10% May to Max: 32 Max: 86
College, Isohypenthermic, loam basin gravel on September Min: 21 Min: 47
San Sai, Clayer-skeletal, pH 5.4 pHS52 pHS surface
Chiang Mai Kaolinitic OM 059 OMO026 OMO0.19
Wat 12°47 N S0 Ustoxic Sandy Sandy Sandy Nearby 29 facing Rapid Moder-  Cleared to 1,159 7 months 106 Mean: 28 Mean: 77
Yansangwa- 100° 58' E Dystropepts., loam laom loam hills West ately upland May to Max: 32 Max: 87
raram, Coarse loamy. pH S» pHS58 pHS56 well crops, November Min: 21 Min: 65
Royal Siliceous OM 059 OM 007 OM 005 drained  including
Temple, cassava
Ban
Lamung,
Chon Ruri
Kancharadit 90T N 40 Typic Sandy Loam Sandy Plain Flat Rapid to  Well lmperata 1,168 8 months 64 Mean: 27 Mean: 81
Forest 99°39'E Paleudutts, loam pHS.1  clay moderate drained  cylindrica May to Max: 32 Max: 95
P.antation, Fine loamy, pH50 GMO037 loam December Min: 22 Min: 60
Surat Thani mixed OM 0.61 pH 49
OM 0.19

Pathiu 10° 59" N 7 Uncoated Sand Sand Sand Coastal  Complex Very Exces-  Beach 1,710 7 months 169 Mean: 27 Mean: 82
District, 99°22'E Ustic pH43 pH48 pHSO plain rapid sively forest May to Max 32 Max: 94
Chumphon Quartzip- OM 078 OMO.."™ OMoI1 drained November Min: 23 Min: 63

sament,

Isohyper-

thermic




Yield Trials

In these, three provenances each of A.
auriculiformis and A. mangium were compared with
Leucaena leucocephala, L. diversifolia and Cassia
siamea (Table 2). The trials employed a
randomized complete block design, with 4
replicates, 36 trees per plot. Acacias were planted
at 2 x 2 m spacing, the other specics were planted
at1x2m.

Three years after planting, A.
avriculiformis and A. mangium had adapted very
well at the wetter Surat Thani site; its high rainfall
was one significant corrclation factor. Yiclds
declined at Chonburi, Chumphon, and Chiang Mai,
in that order. Performances of both acacias were
highly corrclated to humidity.

Table 2. Spccies ard provenances tested in TISTR
yicld trials at all four sites.

Code Specics Provenance
1. Aurl A. auriculiformis Chumphon
2. Aur3 A. auriculiformis Quecnsland
3. Aur7 A. auriculiformis Ratchaburi
4. Man 1 A. mangium Chumphon
5. Man 2 A. mangium Lad Krating
6. Man 3-1 A. mangium PNG
7. Leu K28 L. leucocephala Hawaii
8. Lcu K156 L. diversifolia Hawaii
9. Sial Cassia siamea Chumphon

Species Elimination Trials

To climinate and select outstanding specics
and provenances, 20 specics, represented by 65
provenances (Table 3), were planted at the four
sites. Trials were planted in an unreplicated plot of
36 trees per plot, with 6 rows 2 m apart and 6 trees
per row, 1 m between trees.

Outstanding trec provenances at each site
were cvaluated based on growth characteristics and
yicld performance, as well as genetic uniformity,

survival rate, stem form, and pest and disease
damagec.

At Chiang Mai, where most trees did not
perform well due to poor soil and long drought
conditions, the best performing provenances 18
months after planting were Lep 1, Lep 2, Aur 5,
and Hol 1 (Table 4). Avcrage heights were over 2
m and diameter at breast height (DBH) averaged
over 1 ¢cm, Survival for thesc ranged between 70-
100%, even though thcse would clsewhere be
considered very low.

At Chonburi, the best performing tree
provenances werc of A. mangium, A. auriculifonnis,
A. holosericea, and A. aulacocarpa (Table 4), with
over 3 m average heights and over 2 m DBH, and
survival of 70-100%.

Performances at Chumphon were better
than at the other two sites, with 70-97% survival
percentages, 5-6 m average heights and 4-5 cm
DBH for the outstanding provenances (Table 4).
Al Surat Thani, the best performing species and
provenances also had survival rates of 70-100%,
with average heights of 4-5 m and average DBH of
2-4 cm.

Among these species, the best provenances
with outstanding characters from cach silc were:
Man 3-2-SR; Man 13459-CP; Man 13238-CB; Aur
2-CP; Cra 1-SR; Cra 2-CP; Aur 3-CP and Aur 6-
CP. These showed faster growth, good form, good
survival, and fewer problems with pests and
discasc. Other provenances that also grew well and
possessed relatively good form and straight stems
were: Lep 1-CP; Lep 2-CP; Lep 2-SR and Cam 1-
SR. Leucaena species (K156-SR; Leu 1-SR; Leu 1-
CM and KX;-SR) did not perform so well, duc to
attacks and damage caused by the psyllid
(Heteropsylla cubana), particularly in the dry
scason. Other provenances possessed good stem
straightness (Man 13646-CM; Plec 1-CM and Man
3-1-CB) but were slower growing. On the other
hand, some provenances grew faster, but the trecs
produced morc branching and crooked stems.



Table 3. Specics and provenances in elimination trials at the four TISTR sites.

Species/ Site

Prov. Scedlot

No. Code  Scicentific name Seed source No. CM CB Ccp SR
1 Amp1l  Acacia ampliceps CSIRO, WA 14668 X - - X
2 Aud1l Acacia aulacocarpa CSIRN, QLD. 13865 X X X
3 Aul2 Acacia aulacocarpa CSIRO, Cooktown 14969 - - X X
4 Aul3 Acacia aulacocarpa CSIRO, QLD. 13866 X - - -
5 Auld Acacia aulacocarpa CSIRO, Yeppoom. 14591 X X X X
6 Aurl Acacia auriculifornis  TISTR, Chumphon X X X -
7 Aur2 Acacia auriculiformis ~ CSIRO, PNG 15648 X X X X
8 Aur3 Acacia auriculiformis CSIRO, QLD 15477 - - X -
9 Aurd Acacia auriculiformis Malaysi-» 1404 X X - X
10 AurSs Acacia auriculifomiis  Philippu..2s X - X X
11 Auro6 Acacia auriculiformis PNG, Bclamuk - X -
12 Aur7 Acacia auriculiformis RFD, Ratchaburi X X
13 Aur8 Acacia auriculiformis RFD, Rayong - - - X
14 Aur9 Acacia auriculiformis  TISTR, Chan Thuk - - X -
15 Cin1 Acacia cincinnata CSIRO, QLD 13878 X X X X
16 Cin2 Acacia cincinnata CSIRO, QLD 13864 X X X X
17 Cral Acacia crassicarpa CSIRO, PNG 13680 X - X X
18 Cra2 Acacin crassicarpa CSIRO, PNG 13681 X - X -
19 Dif1 Acacia difficillis CSIRO, NT 14623 - - X X
20 Harl Acacia harpophylla CSIRO, QLD 15100 X - X -
21 Hol1 Acacia holosericea CSIRO, QLD 13879 X X X X
22 Lept Acacia leptocarpa CSIRO, QLD 14139 X - X X
23 Lep2 Acacia leptocarpa CSIRO, QLD 14966 X - X X
24 Manl  Acacia mangium TISTR, Chumphon X - - X
25  Man 2.1 Acacia mangium TPC, Lad Krating (survey) - - X X
26 Man2-2 Acacia mangium TPC, Lad Krating (buy) - - - -
27  Man3-1 Acacia mangium Malaysia 2154 X - - -
28 Man 3-2  Acacia mangium Malaysia 2332 X - X X
29  Man 3-3  Acacia mangium Malaysia 2333 X - X X
30 Man3-4 Acacia mangium Malaysia 2520 X - X X
31  Man 3-5 Acacia mangium Malaysia 0002 X X X -
32 Mand  Acacia mangium CSIRO 13261 X - - -
33 Man6  4cacia mangium AUST, Kuranda. 271 X - - X
34 Man7  Acacia mangium AUST, Hawkins, 28I X - - X
35 Man8  Acacia mangium AUST, Wallaman, 291 X - - X
36 Man9  Acacia mangium AUST, Ingham. 301 X - - X
37 Man 10 Acacia mangium AUST, QLD. 13534 X - - X
38 Man 14 Acacia mangium AUST, QLD. 15063 X - X
39 Man 19 Acacia mangium Philippines X - X

CM = Chiang Mai (dry); CB = Chonburi (dry to medium);

Thani (wet).

x = included in the test at that site; - = not included.
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CP = Chumphon (medium to wet); SR = Surat



Table 3 (continued).

Spccies/ Site

Prov. Scedlot

No. Code  Scicntific name Sced source No. CM CB CP SR
40 Man 21 Acacia mangium AUST, QLD 15677 - - - X
41 Man 13232 Acacia mangium TPC, Lad Krating X - - -
42 Man 13234 Acacia mangium TPC, Lad Krating - - b -
43 Man 13235 Acacia mangium TPC, Lad Krating pe - - -
4 13236 Acaciu mangium TPC, Lad Krating - - X -
45 13237 Acacia mangium TPC, Lad Krating - - X -
46 13238 Acacia mangium TPC, Lad Krating X X -
47 13239 Acacia mangium TPC, Lad Krating - - -
48 13240 Acacia mangium TPC, Lad Krating - - X -
49 13241 Acacia mangium TPC, Lad Krating - - X -
50 13242 Acacia mangium TPC, Lad Krating X - X -
51 13459 Acacia mangium TPC, Lad Krating X pe pe

32 13621 Acacia mangium TPC, Lad Krating - X X -
53 13646 Acacia mangium TPC, Lad Krating X - - -
54 MEL1  Acacia melanoxylon CSIRO, QLD 14176 X X X X
55 MEL2  Acacia melanoxylon CSIRO, QLD 14585 X X X X
56 PLE1 Acacia plectocarpa CSIRO, WA 14696 X X X X
57 POL11  Acacia polystachya CSIRO, QLD 13871 X - X X
58 TOR 1  Acacia torulosa CSIRO, QLD 14141 X - - -
59 FAL1  Paraserianthes falcataria TISTR, Chumphon - - - X
60 SIA1 Cassia siamea TISTR, Tubsakace X - X X
61 CAM 1  Eucalyptus camaldulensis F10, Surat Thani - - - X
62 K156 Leucaena diversifolia Hawaii, US.A. - - X X
63 DIV1 Leucaena diversifolia TISTR, Phuluang - X X -
64 LEU1 L. leucocephala (K28) TISTR, Chan Thuk X - X X
65 KX3 Leucaena K 156 x K8  Hawaii, US.A. - - X X
66 Khyb Leucaena hybrid TISTR, Chan Thuk - - X -

CM = Chiang Mai (dry); CB = Chonburi (dry to medium); CP = Chumphon (medium to wet); SR = Surat
Thani (wet). x = included in the test at that site; - = not included.
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Table 4. Best-performing provenances at cach site
after 18 months,

Site Specics Provenance

Chiang Mai  Acacia leptocarpa Lep 2, Lep 1
A. auriculiformis Aur 5

Leucaena leucacephala Leu 1

A. holosericea Hol 1
Chonburi Acacia mangium Man 238,
Man 459
A. auriculiformis Aur 4, Aur
2, Aur 1
A. holosericea Hol 1
A. aulacocarpa Aul 4
Surat Thani  Leucaena diversifolia K 156
A. crassicarpa Cral
A. auriculiformis Aur 5, Aur 4
A. mangium Man 3-2
A. leptocarpa Lep 2
L. leucocephala Leu 1
E. camaldulensis Cam 1
Chumphon  A. auriculiformis Aur 2, Aur 3
A. crassicarpa Cra2,Cral
A. difficilis Dif 1
A. mangium Man 459

Obscrvations at 36 months revealed that
the trees at all four sites were following the same
growth trends as they had at 18 months, Among
these, A. mangium and A. crassicarpa (particularly
Man 3-2; Man 13459; Man 19; Man 13241; and Cra
1 and Cra 2 at Chumphon and Surat Thani sites)
performed very well,

Half-Sib Selection Trials

To sclect superior progenies and individual
plus trees and to produce genetic advanced of open
pollinated seeds from the selected progenics, half-
sib, open-pollinated seeds of A, auniculiformis (8
provenances) and A. mangium (37 provenances)
were planted at the Chumphon and Chonburi sites
(Table 5). Each plot consisted of two 10-tree rows,
with 2 m between rows and 1 m between trees,
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At onc year after planting, the trees were
cvaluated for their drought tolerance. All A.
auriculiformis provenances thrived well at
Chonburi, with over 60% survival; Aur 2, Aur 3,
Aur 4, and Aur 5 showed survival rates over 80%.
The low survival rates for A. mangium might have
been caused by a long drought scason. Drought-
tolerant provenances of A. mangitm at this site
were Man 2-2, Man 15, Man 13232, and Man
13459, Again, survival rates for both species at the
Chumphon site were better than in Chonburi, All
the A. auriculiformis provenances showed over 80%
survival. Survival rates for A. mangium were lower.
At this sitc, the more drought-tolerant A. mangium
provenances were Man 132229, Man 13240, Man
15, Man 13232, and Man 13239,

Tree form was recorded after 2 years, with
prioritics of stem form and branching habit.
Among the A. auriculiformis group, Aur 2 showed
the straightest stems and less branching. Due to
the close spacing, most A. mangium provenances
showed good performance, also with straight stems
and low branching. Man 1 and Man 15 had
excellent forms among 4. mangium aroup. The
trees at Chonburi were more crooked than at
Chumphon, due 1o the stronger wind at Chonburi,

Comparison of performances at the two
sites showed that the provenances of both specics
grew better at Chumphon than at Chonburi,
Growth rates of 4. mangium showed significant
differences among provenances at cach site. The
fastest-growing provenances at Chonburi were Man
15, Man 19, Man 13238, Man 13240, and Man
13459. The fast-growing provenances at Chumphon
were Man 1, Man 13232, Man 13234, Man 13237,
and Man 13242,

Interspecific hybrids of A. auriculiformis x
A. mangium were found at both sites. The hybrids
resembled A. auriculiformis, but possessed less
branching and greater stem straightness. They also
seemed Lo be faster-growing and -wore drought
tolerant than the parent trees. At the Chumphon
site, about 50% of the hybrids possessed more than
2 stems per plaat, and showed an average height
15-40% greater than the outstanding parents. The
average DBH was also nearly twice as large as for
the parents. This could mean that the interspecific
hybrids could produce up to 3-4 times more stem



Table 5. Outstanding provenances in the half-sib sclection trials,

Chon Buri A. auriculiformis Aur 2, Aur §
A. mangium Man 15, Man 19, Man 13238, Man 13240, Man
13459
Chumphon A. auriculiformis Aur 2, Aur §
A. mangium Man 1, Man 13232, Man 13234, Man 13237, Man
13242

volume than the parent trees at two years of age.

In concluding the experiment, five
outstanding trees were sclected from cach of the
best provenances at both sites (Table 5). These
trees will serve as parent trees in establishing a
sced orchard.

The 4. mangium x A. auriculiformis
hybrids from cach sitc were propagated through
grafting and planted in 1990 at TISTR’s
experimental site at Chan Thuk, in the
northeastern province of Nakhon Ratchasima, for
further genetic improvement.

Phenology Studies

TISTR’s phenology studics cxamined
reproductive growth, vegetative growth, and yicld
componcnts of A. auriculiformis and A. mangium.

Reproductive Growth

Floral phenology and reproductive phenophase

Quantitative and qualitative characteristics
and flower compositions of A. auriculiformis (Aur
1) and A. mangium (Man 1) were studied on six-
year-old trees at Chumphon. A. auriculiformis

flowered intermittently throughout the year, but the

period of maximum flowering (greatest number of
trees flowering at one time) occurred from May to
July. Pod maturation occurred five months after
flower initiation; pods could be harvested year-
round, except during the peak flowering period.
The greatest number of maturing pods were found
in September and October.
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Flowering and fruiting behavior of the two
species differed. 4. mangium had two flowering
scasons: oncc in March-April and another from
August to December. The floral buds of the
former period usually aborted, while the oncs in
the latter period were greater in number and
developed through the blooming and podding
stages. Mature pods could be harvested about
seven months after blooming, in March-April.

Reproductive phenophase

In the main scason, the floral buds of both
species flowered in 22-24 days. However, the times
between flowering and sced maturity of the specics
varicd: 120 days for A. auriculiformis and 206 days
for A. mangium, Estimations of the time of
antheses (flowering period) within inflorescences
showed that the mean period between anthescs of
the first and last Rowers were 5 days for A.
auriculiformis and 6 days for A. mangium. In the
newly cstablished trials-at the four locations, A.
auriculiformis first flowered carlier than A,
mangium. A. auriculiformis flowered 17 months
after planting at Surat Thani and 18 months at the
other three sites, A. mangium, on the other hand,
showed a tendency for trees near the cquator to
flower carlier than those further from the cquator.

Vegetative Growth
I rate

By its nature 4. auriculiformis thrives well
on difficult sites. In these experiments, trees from
the yicld trials at the four infertile sites exhibited
favorable growth rates ai all except the site at
Chiang Mai, which produced unsatisfactory yicld



Table 6. M.can growth for A. auriculiformis and A. mangium at the four TISTR sites, at threc ycars,

Specics Height (cm) DBH (mm)

CM CB ST cp CM (CB ST cp
A. auriculiformis 418 784 803 545 38 65 72 50
A. mangium 130 85 107 69 6 85 107 69

CM = Chiang Mai; CB = Chonburi; ST = Surat Thani; CP = Chumpon

(Table 6). The slow growth and poor yield at
Chiang Mai appeared to be due to low rainfall and
a long drought scason. A. mangium appears to
nced more fertile soils than A. auriculiformis.
Furthermore, it is a tree for wet sites and long
drought period retards its growth scverely (NAS
1983). Thus at Chiang Mai, A. mangium
performed poorly, while in higher precipitation
arcas it grew more quickly,

Yicld components

Of the two specics, A. auriculiformis
produccd more sceds per pod (10.57), greater
hundred sced weight (1.63 g), and greater sced
length (4.71 mm) and width (3.69 mm). However,
A. mangium produced morc pods per inflorcscence
(19.44) and longer pods (16.87 cm) than A.
auriculiformis.

Conclusion

Bascd on resulls from TISTR multisite
trials, drought tolerance specics and provenances
include: A. leptocarpa (Lep 1, Leo 2), A. auri-
culiformis (Aur 5, Aur 2, Aur 1), A, crassicarpa
(Cra 2), A. plectocarpa (Ple 1), A. holosericea (Hol
1), and a few provenances of 4. mangium (Man 3-
1, Man 646). At the dricst sitc, A. leptocarpa, A.
auriculiformis, and A. holusericea performed best,

Under wet conditions, A. mangium (Man
3-2, Man 13459, Man 13242), A. crassicarpa (Cra 1,
Cra 2), A. auriculiformis, A. leptocarpa (Lep 1, Lep
2), and A. difficillis (Dif 1) performed better,
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Outstanding hybrid trces of A.
auriculiformis x A. mangizam were sclected and
observed. Studies have also examined the
rclationships between tree species and soil
microorganisms, particularly vesicular-arbuscular
mycorrhiza and nitrogen-fixing root nodules,
Further studics in this arca should focus on the usc
of natural sources of soil microorganisms to
promote plant growth,

Discussion Notes

Mangium and auriculiformis performed best on the
acid soil sites (pH 4.5). Under A. auriculiformis at
pH 4.5, VAM activity (Glomus coloratus) was very
high. As noted clsewhere, mangium has not
performed so well on poor sails, or in the drought
conditions of northcastern Thailand.

Question: In its cxperiments, Kasctsart University’s
Faculty of Forestry has noted no
significant diffcrent between inoculated
and uninoculated trees in the ficld.
What might explain this?

Answer:  Response to rhizobium inoculation is

greatest in the first year of growth; afier

that, native strains of rhizobiumn take
over. Response to VA mycorrhizac can
last for just over two years; for ecto-
mycorrhizac, up to three years,

Slerocistus specics arc 1.+ gsed so much
anymorc, duc to poor sporc germin-
ation, Now, Glomus specics are
preferred.



The site specificity of rhizobium and
mycorrhizal cffcctiveness means that
documentation of the planting site
conditions is required in order to assess
the response. Soil pH, available
phosphorus, and other climatic conditions
must be characterized. Soils with higher P
levels show less response to inoculation.

Under normal field conditions, dependence
on mycorrhizal associations is low; it is on
more extreme sites where inoculation is
most cffective.
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Nitrogen Fixation and Mycorrhizae in Acacias
on Degraded Grasslands

Reynaldo E. dela Cruz and Mercedes U. Garcia

Introduction

Leguminous and other fast-growing
multipurpose trees have frequently been
recommendcd for use in reforesting denuded and
degraded grasslands. In the Philippines, initial
success with Leucaena leucocephala highlighted the
potential for introduction of leguminous trees in
adversc sites. Unfortunately, that species was
severely defoliated by an infestation of psyllid
(Heteropsylla cubana) in 1985-87 which sct back the
extensive usc of Leucaena specics in reforestation.

Leguminous trees can compete with native
grasses such as Imperata cylindrica, and adapt to
adverse conditions, including acid soils, drought,
fires, and high phosphorus-fixing soils. One rcason
why leguminous trees can grow in adverse sites is
their association with symbiotic organisms such as
Rhizobium and mycorrhizac. Rhizobium is the
nitrogen-fixing bacteria which forms root nodules in
which nitrogen gas is converted into organic forms
of nitrogen that the plant can tap for its usc.
Leguminous trees that can fix atmospheric nitrogen
can therefore improve the nitrogen status of
grassland soils cven without application of chemical
forms of nitrogen,

Most leguminous trees introduced in
grasslands also form mycorrhiza, the symbiotic
association between the roots and a fungus,
Mycorrhiza is known to incrcase absorption of
nutrients (c.g., phosphorus) and water, and provide
biological control of harmful pests (c.g.,
ncmatodes) and fungi (c.g., root rot fungi).

Acacia specics, particularly A.
auriculiformis and A. mangium, have been
successfully introduced in Southcast Asia. These
arc leguminous, fast-growing trees that can tolerate
acidic pH and compete well with 7/, cylindrica and
other grasses, Both these species form natural
associations with Rhizobium and mycorrhiza. This
paper focuses on nitrogen fixation and mycorrhizal
symbiosis found with acacias.
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Nitrogen Fixation

Annual rates of nitrogen fixation for
cultivated legumes range from 10-40 kg/ha/ycar
(Nutman 1976); for pasture legumes, annual rates
arc 100-200 kg/ha/year (Datc 1973). Woody
legumes can fix an average of 2.8-18.8 kg/ha/ycar
(Langkamp 1979). Acacias have been reported to
fix between 10-32 kg of N per ha/ycar (Adams et
al. 1981).

Chang ct al. (1986) reported that A.
auriculiformis secdlings inoculated with Rhizobium
had greater root and shoot dry weight and N
uptake than uninoculated plants, Significant
increases in shoot dry-matter yicld, nodule weight,
and nitrogen znd phosphorus uptake have also
been obscrved for inoculated A. mangium. In A.
meamsii, inoculation with local Rhizobium isolate
B sigpificantly increased tree height and diametcr,
and nodule number and weight (Dar 1990).

Roughley (1987) reported host specificity
in the genus Acacia. Root nodule bacteria that
nodulate acacias can belong cither to the genus
Rhizobium (fast-growing) or Bradyrhizobium (slow-
growing). There arc now three effective groups of
Acacia species (Dreyfus and Dommergues 1981):

o those that exhibit cffective nodulation with
fast-growing strains

o those that exhibit cffective nodulation with
slow-growing strains

o thosc that do not cffectively nodulate

Cross-inoculation studics showed that
Leucaena rhizobia can nodulate Acacia famesiana
(Trinick and Galbraith 1980),

Balaji and Rangarajan (1989) inoculated
sceds of Acacia nilotica with three strains of
rhizobia: ADC 2 isolated from A. dealbata,



ANM.111 isolated from A. nilotica, and ECM.1
isolated from Albizia saman. The trials took place
at Coimbatore (430 m msl) and Sandyanallah (2240
m msl) in India. Acacia nilotica inoculated with
strain ADC.2 produced a maximum biomass of 1.14
g/plant at Coimbatore and 1.01 g/plant at
Sandynallah. By contrast, thosc inoculated with
ECM.1 strain produccd the lowest biomass at both
locations, Similarly, the number of nodules per
plant and nodule dry weight were highest for plants
inoculated with ADC.2 strain at both locations.
These results indicate that growth, nodulation, and
nitrogen fixation of 4. nilotica were influenced by
diffcrent rhizobia strains.

Dart ct al. (1991) tested 12 strains isolated
from A. auriculiformis in the Philippines and found
that they varied from ineffective, fixing no nitrogen
(3 strains), to moderately effective (7 strains
producing 30-75% of the plant growth of the best
strain) to cffective (2 strains). They also fourd that
none of the 12 strains isolated fromn A. mangium
grown in Philippines soils nodulated A.
auriculiformis cffectively. For both species, the
strains that fixed the greatest amounts of nitrogen
cam¢ from plants grown in Northern Australia and
Papua New Guinca. Acacia mangium was more
specific in its Rhizobium affinitics than A4.
auriculiformis. Oanly 2 of 48 strains tested were
effective (>75% of the growth with PMA 311/1)
and most were quite incffective.

The studics by Dart ct al. (1991) suggest
that many strains naturally present in soils are only
partially effective for many Acacia specics, and that
inoculation can produce responses in young
scedlings. After outplanting, competition between
inoculant strains and native rhizobia population
changes because the inoculant strains need to
colonize new roots formed.

Factors Influencing Successful Inoculation

Factors that can affect the success of
inoculation with Rhizobium include:

soil pH

soil temperature
suil moisture
rhizobial strain(s)

o 0O 0o

o inorganic nutrition, particularly
nitrogen

Soil pH

Nodulation in Acacia species has been
found to be best at pH 6.5-7.0, less cffective at pH
8.5-9.0, and absent at 3.5-5.5 (Habish 1970).

Soil Temperature

Nodulation generally takes place at all soil
temperatures tolerated by most free-living bacteria,
but nodule abundance decreases at cooler and
warmer cxtremes. Root temperatures higher than
30°C arc known to affect nodulation in most
tropical legumes, although some specics appear to
be adapted to higher temperatures. Acacia
mellifera could still produce effective nodules at 30-
35°C, a fact that Habish (1970) attributed to
resistance of rhizobia to high temperatures.

Soil temperature can profoundly affect
plant growth and nodulation. Habish (1970)
reported that growth, nodulation, and nitrogen
accumulation of acacia scedlings were generally
greater at 35°C than at 30°C and 40°C. Sixty-five
percent more nodules formed at 35°C than at 30°C,
and no nodulation occurred at 40°C.

Soil Moisture

Soil moisture of 7.5% can also reduce
nodulation, dry matter yicld, and N content by
60%, 55%, and 73%, respectively (Habish 1970).
Both waterlogging and drought were shown to
drastically reduce nitrogenase activity of A.
cyanophylla (Nakos 1977).

Rhizobial Strains

Inoculation of A. auriculiformis with UPLB
(the University of the Philippines at Los Banos)
Rhizobium isolates Aa, and Aay significantly
improved scedling height, dry matter yicld, and
nodulation, and caused appreciable increases in N,
P, K, Ca, and Mg uptake by inoculated plants
(Garma 1992).

Bahry (1988) compared the response of A.
albida (o 12 rhizobial strains. All 12 strains were



infective, but diffcred in their effectivity in
promoting growth of A. albida. Scedlings
inoculated with Aa, (isolated from A. mangium)
showed superior growth compared to those
inoculatcd with other strains. The responsc to
inoculation was more pronounced in less fertile
soil,

Inorganic Nutrition

Generally, significantly taller and heavier
plants are obtaincd at 30-300 kg N/ha application,
but nodule development has been suppressed or
reduced at higher levels of N (Garma 1992). The
intcraction between inoculation and N-fertilization
has given no significant results in any parameters
except for macronutrient content, in which N was
found to increase with N fertilization alone at 100-
300 kg/ha. But this did not differ significantly
from thosc that were inoculated alone with Aa,
and Aa,;. The concentration of other
macroclements in the host were generally increased
by inoculation in the presence of modest amount of
fertilization,

Cali (1991) reported on a nursery
experiment on the effect of liming and inoculation
of A. mangium in the presence or abscnce of NPK
fertilizer, using Annam clay (pH 5.9 and 0,74%
OM) and Adiayon clay loam (pH 6.2 and 5.31%
OM). Liming the soil did not improve growth and
nodule development of A. mangium, The seedlings
fertilized with 200 kg N/ha 100 kg PK/ha grew
best in both soils, followed by thosc that were
inoculated with Rhizobium in the presence of only
PK. Hecight, diameter, and nodule weight were
significantly affccted by the interaction of lime,
inoculation, and fertilizer trcatments.

Cali (1991) also reported that inoculation
of A. mangium independently improved height,
shoot biomass, nodule weight, and nitrogen content
and uptake. The relationship between shoot
biomass and nodule number, nodule weight, and N-
uptake was highly significant. The local Rhizobium
isolate Am, could replace about 91% of the N
requircment of A. mangium in Adtuyon clay loam.
Calculations for actual N-replacement capacity
suggested a savings of USS$15 per 100 scedlings
grown in the nursery.
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Cabahug (1991) studicd carly growth of 4.
mangium in a grassland soil with 0.05% N, 23.12
me Ca/100 g, 6.34 me Mg/100g, 0.85 me K/100g,
10.53 ppm P, 1.04% OM, pH 6.4, and a cation
exchange capacity (CEC) of 30 me/100 g,
Inoculation in the presence of 100 kg N/ha rate
improved nodulation by 193.6% over the
unfertilized inoculated treatment. Application of
300 kg N/ha decrcased nodulation but did not
affect nodule weight. Increasing levels of N gave a
general trend of improved growth performance and
nodulation. The soil used in this study had high
populations of native rhizobia, such that N-
amendment of 30-100 kg N/ha improved infection
of roots by native rhizobia. However, inoculation
with a morc cffective strain can cnhance nodulation
and growth,

Garcia ct al. (1988) reported that liming
the soil to pH 6.5, regardless of N fertilizer,
improved the performance of Rhizobium in A.
mangium.

Mycorrhizae

Mycorrhizal rescarch at UPLB has
concentrated on:

1. collection, isolation, and identification of
fungi

2, screening for effectiveness among isolated
fungi

3 mass inoculant production

4, inoculation technologics

5. nurscry and ficld testing

Collection, Isolation and Identification of Fungi

Introduction of many Acacia specics for
reforestation in the tropics was not accompanied by
similar inoculations of mycorrhizal fungi. It is
reasonable to assume that the introduced Acacias
formed mycorrhizal associations with the native
fungi, some of which cffectively promote acacia
growth,



Table 1. Reported mycorrhizal status of Acacia
species. Source: Reddell and Warren 1986.

Type of

mycorrhiza Acacia specices

Ecto aneura, dealbata, decurrens,
melanaoxylon, mitchellii, pycanatha,
platycarpa, retinodes, nubida,
salcina, sophorae, sparciflora,
verticillata

VAM ulbida, arabica, aulacocarpa,
auriculiformis, concurrens,
constricta, cyanophylla, famesiana,
floribunda, goetzsii, greggii,
holosericea, lutescens, mangium,
mellifera, nigrescens, nilotica,
nubica, polyacantha, pulchella,
pyrifolia, raddiana, richi, saligna,
sencgal, seyal, suaveolens, torulosa,
vyirrkallensis

Both VAM
and Ecto

myntifolia, redoxylon, rothii, simsii

The exact nature of the mycorrhizal fungi
associated with Acacia species is still not clear.
Reddell and Warren (1986) reported that 13
acacias form ectomycorrhizal associations, 29 form
vasicular arbiscular mycorrhizac (VAM) associ-
ations, and 4 form both VAM and cctomycorrhizal
associations (Table 1).

Regarding the formation of
cctomycorrhizal associations: to date, the only
basidiomycetous fungus we found associated with
A. mangium and A. auriculiformis is a Thelephora
specics which we have not yet identified, but which
is similar to 7. ramariodes (Gibson 1981). It is
doubtful, however, whether this fungus forms an
cctomycorrhizal association because it docs not
cxhibit the typical symptoms such as fungal sheath
and Hartig nct. Furthermore, inoculation with this
fungus produced no cvident growth increasces.
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VAM association appears to be the more
common among Acacia specics. Six genera of
VAM had been observed: Acaulospora,
Entrophosphora, Gigaspora, Glomus, Sclerocystis,
and Scutellispora. Each genus is represented by a
number of specics, although the exact number has
not yet been determined.

The taxonomy of VAM associated with
Acacia species needs further study. Many isolated
VAM fungi cannot be identificd despite the use of
present keys and monographs. It is possible that
many new VAM species arc appearing,

Screening for Effectiveness among Isolated Fungi

Some VAM fungi arc more cffective than
others in promoting growth of the host plants.
Scrcening for ceffectivencss among mycorrhizal
fungi can be done in a number of ways. The most
common mecthod is to test the effectiveness of
different VAM fungi in promoting the survival and
growth of a plant in adverse conditions such as
infertile soils, acid soils, high phosphorus fixing
soils, or in aluminum toxic soils.

Dela Cruz ct al. (1988) studied the
clfcctivencss ainong VAM fungi and Rhizobium
(R) in promoting growth of A. auriculiformis and
A. mangium in a degraded, P-deficient grassland
soil. Glomus fasciculatus + R and Gigaspora
margarita + R were most cffective for A, mangium.
Scutellispora persica + R, G. margarita + R, and
Glomus fasciculatus + R were most cffective for A.
auriculifonnis. Consistently poor growth was shown
by scedlings inoculated with Selerocystis clavispora
+ R, Rhizobium alone, and by uninoculated
scedlings. The effective VAM promoted nitrogen
concentration and N content of secdlings, P
concentration and total P content, nodule weight,
and nitrogen fixation determined by acetylenc
reduction assay.

In another study, different specics of
Glomus, Scutellispora, and Acaulospora were
inoculated scparatcly to A. auriculifonnis scedlings
by blanket application of Rhizobium (Dela Cruz et
al. 1991). Among four specics of Acaulospora,
three (A. appendicula, A. morrowae and A. spinosa)
were cqually effective in promoting better growth
than A. delicata, Rhizobium alone, or the



uninoculated control. Among the seven Glonus
specics, five (Glomus sp., Gl. claroideum, Gl.
etunicatum, Gl. intraradices, and GI. macrocarpum)
gave significantly better height and diameter growth
of A. auriculiformis than the Rhizobium and
uninoculated reatments. Nodule dry weights of
VAM-inoculated plants were significantly higher
than the latter two t-catments, Among the four
Scutellispora specices, S. callospora consistently
promoted better height and diameter growth of A.
auriculifonnis.

This study showed that ctfectivc VAM
specics consistently increased P uptake of seedlings
and improved nodule weight, and that conscquently
seedlings produced better height, diameter and
total biomass.

Screening for mycorrhizal fungi that arc
effective in promoting tree growth on adverse sites
is an important step in using these fungi for
reforestation.  Inoculation of effective mycorrhizal
species may improve the survival and growth of
plants introduced to adverse sites.

Muass Production of Inoculant

Mass inoculant production of VAM fungi
employs the pot culture technique. Purc spores of
cffective VAM are aseptically inoculated to the
roots of a suitable trap plant and grown in sterile
soil-sand (3:1 by volume) mixtures in a greenhouse.
The fungi infect the roots of the host plant,
proliferate within the roots, and form numerous
external (internal for some fungi) spores after 4-5
months, The soil-sand mixturc containing infective
propagules in the form of infected roots and spores
can be used to inoculate host plants.

Other mass inoculant production
procedures still in the testing stage are: the
nutricnt film technique, developed in Rothamstead,
U.K; acrephonics developed in Florida, USA; and
the root tissue culture technique.

Inoculution Technologies

A major constraint to large-scale
inoculation of VAM in nurserics and the field is
the limited production of cheap but effective
inoculants. The pot-culture technique cannot
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provide an adequate supply of inoculant for large-
scale trials. The traditional inoculation technology
is to add about 1 teaspoonful of the inoculant at
the base of scedlings at transplanting. This works
best for container-grown specics, such as A,
auriculiformis and A. mangium.

In the Philippines, the National Institutes
of Biotechnology and Applicd Microbiology
(BIOTECH) produce two commercial VAM
inoculants: MYKOVAM 1t and MYKOVAM 2
(Dcla Cruz et al. 1992). The former is a powdered
form of soil inoculant produced from the soil-sand
mixture. MYKOVAM 2 is a granulated form of
soil inoculant and appears somewhat like chemical
fertilizers,

Results of MYKOVAM 1 testing arc
presented below. MYKOVAM 2 has been tried
with A. mangium in the nursery, Scedlings
inoculated with MYKOVAM 2 containing the
VAM fungus Gigaspora margarita attained a height
of 17.5 cm after 4 months, compared to 6.9 cm
attained by the uninoculated control (Dela Cruz et
al. 1992). The granular nature of MYKOVAM 2 is
attractive to nurserymen accustomed to handling
chemical fertilizers.

Nursery and Field Testing

The real test of mycorrhizal cfficacy is the
ability to increasc growth of the host plant both in
the nursery and in the ficld.

Cornei and Diem (1982) found that in a
pot cxperiment with a phosphorus-deficient soil
that had been sterilized to kill the native population
of mycorrhizal fungi, inoculation of Acacia
raddiana and A. holosericea with the VAM fungus
Gl. mosseae increascd shoot weights by 170% and
850%, respectively, and nodule weights by ten- to
twelvefold. Similar growth resp