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Abstract

Acacia mangium is a fast-growing, nitrogen-fixing tropical tree species widely cultivated in forestry,
agroforestry, and land restoration programs due to its ability to improve soil fertility, enhance nutrient
cycling, and contribute to carbon sequestration. Seed germination and seedling growth are influenced
by the age of the seed However, seed dormancy caused by a hard and impermeable seed coat remains a
major constraint to its germination and establishment. This review synthesizes existing literature on
seed dormancy, seed characteristics, and pre-sowing treatment methods used to improve germination in
Acacia mangium and related species. The review highlights different types of seed dormancy, including
physical, physiological, and morphological dormancy, and discusses their underlying mechanisms.
Various pre-sowing treatments such as hot water treatment, acid scarification, mechanical scarification,
smoke treatment, and application of gibberellic acid (GAs) are critically analyzed based on their mode
of action, effectiveness, advantages, and limitations. In addition, key factors affecting treatment
efficiency such as seed coat thickness, treatment duration, temperature, chemical concentration, seed
maturity, moisture content, and storage conditions are examined.

A comparative analysis of physical, chemical, and thermal treatments indicates that scarification
methods are generally more effective in breaking physical dormancy, while hormonal treatments
enhance germination and seedling vigor. The review also integrates findings from previous studies on
growth performance, ecological benefits, and invasiveness of Acacia mangium, providing a balanced
perspective on its utilization. Overall, this review provides a comprehensive understanding of seed
dormancy and pre-sowing treatments in Acacia mangium, offering valuable insights for improving
nursery practices, plantation success, and sustainable management while addressing potential
ecological concerns.

Keywords: Acacia mangium, seed dormancy, pre-sowing treatment, scarification, germination, GAs,
seed physiology

Introduction

Tropical acacia from Australia are extensively cultivated globally, particularly in Asia where
they were originally brought (Midgley and Turnbull 2003; Inagaki et al. 2011; Richardson et
al. 2011), as well as in Africa (Bernhard-Reversat 1993; Tassin et al. 2012; Dubliez et al.
2018) and South America (Franco and de Faria, 1997; Chaer et al. 2011; Attias et al. 2013)
13,21, 30, 551 ' Seed germination and growth occur in mature seeds. Seed germination increased
with an increasing collection period (Netam et al., 2025). Nurseries provide the means to
control moisture, light physical and chemical soil constituents in such a way as to produce
healthy and uniform seedlings for planting. Several factors can influence seedling growth in
the nursery (Nishad et al., 2025) *9, Agroforestry is a comprehensive term encompassing
land-use systems where woody perennials like trees, shrubs, and bamboos are cultivated
alongside herbaceous plants such as crops, pasture, and/or livestock. These elements are
organized spatially or temporally, facilitating ecological and economic interactions between
the tree and non-tree components. The principal constituents of agroforestry systems include
trees, shrubs, crops, pastures, and livestock, along with factors like climate, soil, and the
surrounding environment (Bargah et al., 2024) Pl. These plants are utilized in agricultural
practices, forestry, and agroforestry to enhance soil fertility (notably nitrogen levels), to
capture carbon, and perhaps to rejuvenate nutrient cycles in distressed lands and woodlands.
They are also valued for commercial wood production, decorative
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uses, and for providing timber and charcoal (Bernhard-
Reversat 1993; Franco et al. 1994; Parrotta and Knowles,
1999; Fuentes-Ramirez et al. 2011;Bouillet et al. 2013;
Sitters et al. 2013; Permadi et al., 2017) [*3 301, Seedlings are
small plants with enough potential to grow into mature trees.
These seedlings grow naturally, but they can also be
propagated by seeding and germinating, which helps them
to sprout quicker and boost their chances of survival. The
factors must be optimal to produce a health and vigorous
seedlings, and among them, the genes and the nursery
environment determine to a large degree how a tree can
survive (Minj et al., 2024). Plants are propagated and grown
to a size that can be planted in a nursery. A quality nursery
stock is necessary to create a good plantation. The necessity
of forest nurseries in order toproperly nurture seedlings
before planting them on land that needs to be replanted
(Verma et al., 2024) Often, the growth of forests or crop
production tends to improve in nitrogen-deficient areas
when nitrogen-fixing species (NFS) like Australian Acacia
are present (Binkley 1992; Khanna 1998; Bouillet et al.
2013; Nambiar and Harwood 2014; Paula et al. 2015;
Dubliez et al. 2018), alongside an increase in soil nitrogen
quality (Sanginga et al. 1986; Binkley 1992; Parrotta, 1999;
Kaye et al. 2000; Resh et al. 2002; Ludwig et al. 2004;
Hagos and Smit 2005; Sitters et al. 2013). Most Australian
Acacia have the ability to capture carbon in both the soil and
living organisms, contributing to efforts aimed at addressing
climate change (Binkley 1992; Kaye et al. 2000; Resh et al.
2002; Lee et al. 2015; Forrester et al. 2013), although in
some instances, they may not lead to an increase in soil
carbon storage (Voigtlaender et al. 2012; Oelofse et al.
2016) [17, 18, 29, 40, 44, 45, 53, 54, 63].

Most ofAustralia's Acacia have characteristics connected to
invasiveness. Twenty-three species have been identified as
invasive so far; some are important invasive species in
several geographic areas (Richardson and Rejmanek 2011;
Gibson et al. 2011; Rejmének and Richardson 2013;
Richardson et al. 2015). Richardson et al. (2011) showed
that all species that have been widely planted for forestry or
other uses have become invasive when documenting the
worldwide biogeography and invasion ecology of Australian
Acacia. Many elements influence whether an exotic species
turns invasive, including life-history features and the degree,
level, and length of use of the species in the new
surroundings. On Australian Acacia, a lot of study has been
done in this regard. The degree of invasiveness for Acacia is
explained by interactions between features, human use, and
residence duration (Castro-Diez et al. 2011). Usually, there
is a long delay between introduction and planting and the
beginning of invasive spread; this results in a significant
'invasion debt' in many locations where the extensive
planting of non-native species has recently taken place
(Rouget et al. 2016) [20. 33 55,56,57]

Among the Australian Acacia widely cultivated worldwide,
Acacia mangiumclearly offers advantages in agricultural,
agroforestry, and forestry ecosystems (Bernhard-Reversat
1993; Franco et al. 1994; Parrotta and Knowles, 1999;
Richardson et al. 2004; Kull et al. 2011; Epron et al. 2013).
The ability of Acacia mangium to enhance soil fertility
(Wang et al. 2010; Forrester et al. 2013; Koutika et al.
2014; Machado et al. 2017; Tchichelle et al. 2017), alter the
soil faunal, microbial, and bacterial populations (Bernhard-
Reversat 1993; Bini et al. 2012, 2013; Huang et al. 2014;
Pereira et al. 2017), and stimulate the growth of crops or
trees and forest output (Bouillet et al. 2013; Epronet al.
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2013; Paula et al. 2015) are key factors contributing to its
extensive cultivation in commercial monoculture plantations
or mixed plantings with other tree species or crops in
regions with poor soils. This species is seen as beneficial for
these uses because of the increased nutrient cycling, higher
nutrient availability, and microbial activities that result from
its presence (Khanna 1998; Bini et al. 2012; Rachid et al.
2013; Santos et al., 2017a, b). However, the introduction of
Acacia mangium into agricultural, agroforestry, or vast open
regions is progressively being demonstrated to set off
significant biological invasions. The number of papers
detailing the invasive spread of Acacia mangium from
planting sites is growing quickly; the species is currently
listed as an invading species in Asia, Indonesia, southern
Africa, and South America (Richardson and Rejmanek
2011; Ismael and Metali 2014; Aguiar et al. 2014; Meira-
Neto et al. 2018; Souza et al. 2018) . Such invasions are
lowering the general benefit from using the species and is
generating conflicts of interest between (agro) foresters on
the one hand and conservationists and natural resource
managers on the other. Many temperate parts of the world
where other Australian Acacia species (and other legume
trees) have been grown outside their natural habitat are
experiencing such conflicts. Many sectors are implementing
management projects to lessen such conflicts (e.g. Kull and
Rangan 2008; Dickie et al. 2014; van Wilgen and
Richardson 2014; Shackleton et al. 2018 and references
therein). Due to their great adaptability, Australian Acacia
are particularly favored for planting; climatic modeling
indicates that roughly a third of the earth's land areas are
appropriate for their growth (Richardson et al. 2011). The
biggest region of tropical Australian acacia plantations is
found in Southeast Asia, where they span around 2 Mha
(Midgley and Turnbull 2003; Arisman and Hardiyanto
2006; Kull and Rangan 2008) Bl Native to areas of
Indonesia, Papua New Guinea and  Australia,
AcaciamangiumWilld. Is a huge tree that can grow up to 30
m tall. The species creates many flowers, mostly pollinated
by bees (Midgley and Turnbull 2003). It thrives in coastal,
tropical lowlands (below 300 m in altitude) and across a
spectrum of forest types (from rainforests to open forests),
as well as in woodlands impacted by fire (Midgley and
Turnbull 2003). The natural range of Acacia mangium
overlaps with the warm and hot tropical climate zones,
where temperatures are consistently high throughout the
year. The mean maximum temperature during the hottest
month typically falls between 31 °C and 34 °C, and the
mean minimum temperature during the coolest month
ranges from 15 °C to 22 °C (Otsamoet al. 1997; Midgley
and Turnbull 2003). With summer (January to March) being
the wettest season, the mean annual rainfall throughout its
natural range is between 1500 and 3000 mm. This fast-
growing species prefers well-drained soils of moderate to
low fertility (Franco et al. 1994; Cole et al. 1996; Bouilletet
al. 2013; Aguiar et al. 2014) 1. But outside of their natural
habitat, an extended dry season and sandy, nutrient-poor
soils may cause growth during the first year (Koutikaet al.
2018). Similar to many other acacia species, Acacia.
Mangium may develop on soils with ph under 4 (Franco and
de Faria, 1997; Midgley and Turnbull 2003) and is suited to
acidic soils. The advantages and risks of Acacia mangium in
places where it is grown are examined in this study. Native
range not with standing, the article explores whether it is
practical to encourage planting of the species in order to
maximize its benefits and lower existing and possible future

negative repercussions from invasiveness 13 16. 18 29, 30, 43, 53,
55, 56, 57, 61]
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Fig 1: Flow Chart Illustrating Experimental Design, Treatment Mechanism, and Comparative Analysis of Pre-Sowing Treatments in Acacia
mangium

2. Taxonomy

e Botanical name: Acacia mangium
e Family: Leguminoseae
Subfamily: Mimosoideae

Pedley Vernacular/common names: Common nhames in
Indonesia: manggahutan, tongkehutan (Ceram), nak
(Maluku), laj (Aru), jerri (Irian Jaya) (Turnbull 1986).
Common names in other countries: black wattle, brown
salwood, hickory wattle, mangium, sabahsalwood
(Australia, England); mangium, kayu SAFODA (Malaysia);
arr (Papua New Guinea); maber (Philippines); zamorano
(Spain); kra thin tepa, krathin-thepha (Thailand).

3. Botanical Descriptions

3.1 Tree morphology

Acacia mangium is a kind of evergreen tree, up to 30 m tall.
The bole can be unbranched for more than half of the total
tree height. It is sometimes fluted at the base and the tree
diameter rarely exceeds 50 cm. Bark is rough and furrowed,
either grey or brown in color. Small branches are winged. It
may be reduced to a small tree or large shrub of 7-10 m on
unfavorable sites. The bark surface is rough, furrowed
longitudinally, and varies in colour from pale grey-brown to
brown. The lower bole is sometimes fluted. Detailed
botanical description refers to Pedley (1975).

3.1.1 Leaves (phyllodes)

The mature phyllodes of Acacia mangium are very large,
generally ranging from 11 to 27 cm in length and 3 to 10 cm
in width. They are borne on strongly angled, glabrous, and
sturdy branchlets. They are dark green and smooth, with a
smooth pulvinus that is 0.6 to 1 cm long. The phyllodes are

distinguished by four (occasionally three or five) major
longitudinal nerves that are basally coalescent but distinct
from the lower margin. Minor nerves profusely anastomosis
to create a noticeable reticulum.

3.1.2 Growth phenology

A gland (extra floral nectary) is prominent. Given ideal
circumstances, Acacia mangium may grow all year. In
Thailand, it has been noted that in January-February, the
mix of little rainfall and chilly temperatures causes growth
to slow down or stop entirely. In April, trees begin to grow
vigorously once more prior to the start of the wet season
(Atipanumpai, 1989) [,

3.1.3 Flowering Phenology

Phenology of flowering Acacia flower early Mergen et al.
(1983) found that Acacia mangium begins to bloom and
bear fruit 18 to 20 months after planting. Mature fruits arise
three to four months following the floweringperiod. From
flower bud development to pod maturity, about 199 days
pass Zakaria (1993). Varies over its native and planted
range. Naturally, its blooms occur in Australia from
February to May, and the seed ripens from October to
December (Sedgley et al. 1992). Farther north the fruits
mature earlier with seed available from July in Indonesia,
and late September in Papua New Guinea (Skelton 1987;
Turnbull et al. 1983). As an exotic, the usual blooming
cycle can be upset and flowering can happen all through the
year. But usually, one can see a clear peak (Awang and
Taylor 1993). In Peninsular Malaysia, the peak occurs in
June-July (Zakaria and Kamis 1991); in Sabah, it is January
(Sedgley et al. 1992); in Taiwan, it is October-November
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(Kiang et al. 1989); and in Thailand, | met is September
(Kijkar 1992) B,

3.1.4 Inflorescences, blooms, and fruits

The inflorescence, which is made up of many small flowers,
appears as loose spikes up to 10 cm long, either alone or in
pairs in the upper axils. The whitish (or cream) blossoms are
found in loose spikes 5-12 cm long on peduncles 0.6-1 cm
long, either singly or in pairs in the upper axils. The seed
pods are linear, tightly coiled when ripe, occasionally tightly
spirally coiled, somewhat woody, 7-8 cm in length, and 0.3-
0.5 cm in breadth. The seeds are black and lustrous,
longitudinal, ovate to oblong 3-5x2-3 mm with a yellow or
vivid orange (occasionally red) funicle.

4. Reproductive Biology and Breeding System

Floral Biology Acacia mangium blossom has regular
symmetry and has five sepals, five petals, many stamens,
and one gynoecium. Particularly in the early morning when
single blossoms are in bloom, its delicate and sweet aroma
stands out. Zakaria 1993). Non-papillate, stigma has a
diameter of 63 microns and forms a cup-shaped indentation

https://www.biochemjournal.com

at the apex of the style. Stigma and anthers share the same
plane. The anther is bilobed and 183 microns in size. Every
lobe contains four distinct loculi surrounding a polyad
(composite pollen grains). The polyad has a diameter of 30
to 40 microns and is spherical in form; each polyad
comprisessixteen pollens. There are around 113stamens
every flower on average. Usually covered in small hairs, the
ovary is sessile and contains 12 to 14 ovules each. Most
flowers are hermaphroditic. In some inflorescence, however,
staminate flowers are also found.

5. Seed Characteristics

Acacia mangiumare typically small to medium in size,
elliptical to oval in shape, and hard, impermeable seed coat
(testa), which is responsible for physical dormancy and
protection against adverse environmental conditions. The
seed coat is thick and contributes to long-term viability by
preventing water imbibition under unfavorable conditions.
Studies have reported that Acacia mangiumseeds are
generally dark brown to black and exhibit morphological
adaptations such as a pleurogram, a characteristic feature of
many Acacia species. (Hegde, M. Et al., 2013) [*3,

Table 1: Factors Affecting Treatment Efficiency

l\?é Factor Description Impact on Treatment Efficiency Citations
Seed Coat Thickness and hardness of seed coat |Thick and hard seed coats reduce water permeability, requiring | Baskin & Baskin

1 ; . . i 1]
Thickness vary among species. stronger treatments like scarification. (2004)

2 Treatment Length of exposure to treatment (hot |Insufficient duration leads to poor germination, while excessive| Hartmann et al.
Duration water, acid, etc.). duration may damage embryo. (2011) 81

Temperature used during treatment or

3 Temperature L
germination.

Optimal temperature enhances enzyme activity and
germination; extreme temperatures may reduce viability. 159

Taiz et al. (2015)

4 Chemical Concentration of chemicals like H.SO4 |Proper concentration improves germination; high concentration| Bewley & Black
Concentration or GAs used in treatment. may be toxic to seeds. (1994)
. Mature seeds show higher viability and better response to | Baskin & Baskin
5| Seed Maturity Stage of seed development at harvest. treatments than immature seeds. (2004) (12
. Initial moisture level in seeds before Proper moisture improves imbibition; too much or too little | Bewley & Black
6 | Moisture Content ; inati i [14]
treatment. moisture affects germination negatively. (1994)
. . Genetic and physiological differences Different species respond differently to the same treatment | Baskin & Baskin
7 | Species Variation : 1]
among Species. method. (2004)
... | Conditions under which seeds are stored - . Hartmann et al.
8 [Storage Conditions (temperature, humidity). Poor storage reduces seed viability and treatment effectiveness. (2011) 81

6. Dormancy in Seed

Seed dormancy is a physiological condition that keeps a
viable seed from germinating even when the circumstances
are right for growth (Baskin and Baskin, 2004) (', The
period of dormancy differs considerably between species,
with some seeds retaining viability for months while others

lose their capacity to germinate fast. Seeds are made up of
an inner embryo that will grow into a plant and an outer
protective shell. Water infiltrates the seed coat, causing it to

swell and start the plant's development (Bargah et al., 2024)
9]

Table 2: Types of Seed Dormancy

S. Type of

No.| Dormancy Description

Examples / Features Citations

1 [Seed Dormancy|

Seed dormancy is a physiological condition that prevents viable seeds from
germinating even under favorable conditions. Dormancy period varies among
species; some seeds remain viable for months while others lose viability quickly.
Water penetration through seed coat initiates swelling and germination.

Baskin & Baskin
(2004); Bargah et
al. (2024) ®- 11

General seed structure
consists of embryo and
protective seed coat.

Dormancy caused by physiological factors within the embryo or surrounding

hot water treatment.

Physiological | .. - - - Common in Fagus, Baskin & Baskin
2 Dormanc tissues such as endosperm. Freshly matured seeds with non-deep physiological Pinus. Eucalvptus (2004) 12
y dormancy germinate only under limited temperature conditions. ' YPUS.
3 Morphological | Occurs in seeds with underdeveloped embryos that require additional time for Seeds with immature Kumar et al.
Dormancy embryo growth before germination. embryos. (2024)
Phvsical Caused by impermeable seed coat due to thick-walled, cutinized macroscleroid |Mechanical scarification, Baskin & Baskin
4 Dor¥nancy cells preventing water uptake. Germination is promoted through scarification or | chemical scarification, (2004) 81

boiling water soaking.
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6.1 Physiological Dormancy: Fagus, Pinus, and
Eucalyptus, among other species, often exhibit this kind of
dormancy. The embryo or the surrounding endosperm
tissues cause it to be triggered. Freshly developed seeds with
non-deep physiological dormancy either cannot germinate at
any temperature or can only germinate within a small
temperature range.

6.2 Morphological Dormancy: This kind of dormancy
affects seeds with undeveloped embryos, necessitating more
time for the embryo to develop before germination can take
place (Kumar et al., 2024).

6.3 Physical Dormancy: When a layer of thick-walled,
cutinized macroscleroid cells makes seed coverings
impenetrable to water, this form of dormancy
develops.Several treatments, such as mechanical or
chemical scarification or soaking in boiling water,are
therefore, utilized to stimulate ger-mination in seeds having
water-impermeable coatings.

7 Seed Treatment
Seed treatment is the process of applying physical,
chemical, or biological agents to seeds prior to plantingto

https://www.biochemjournal.com

enhancegermination, promote seedling vitalityand guard
against diseases, pests, and environmental stressors. Seed
treatment aims at enhancing the general success of seed
germination and establishment, so resulting in more robust
and more prolific plants. Although certain seeds naturally
emerge from dormancy over time, others require unique pre-
treatments for germination. One of the biggest obstacles to
germination is seed dormancy, so pre-sowing treatments are
absolutely vital. Effective ways to break seed dormancy
before sowing include scarification (mechanical or
chemical), water soaking (hot or cold), chemical treatments,
plant growth regulators, or alternating wetting and drying.
Many approaches have been utilized to encourage
germination in seeds with water impermeable coatings,
including mechanical and chemical scarification, soaking in
boiling or hot water. Including cold stratification, therapy
with gibberellic acid (GA3), sodium hypochlorite, scarring,
or heat treatment can be used for seeds having water-
permeable coatings.

Table 3: Different Pre-Sowing Treatments and Their Methods

1 water (2-48 hours) to soften the seed coat and

Seed
S. No.| Treatment Description Examples / Results Citations
Method
Hot Water Seeds with hard coats are soaked in hot/boiling Used for Albizia, Acacia, Cassia,

2 fire-dependent and non-fire-dependent species;

Treatment . - Poplar, Leucaena leucocephala.
improve germination.
Keeley & Pizzorno (1986); De Lange &
— . . Chaparral (Southern California); Boucher (1990); Dixon et al. (1995);
Smoke Smoke acts as a germination stimulant in both Fynbos (South Africa); Kwongan | Crosti et al. (2006); Jager et al. (1996);

Treatment useful in restoration and conservation (Australia); Mediterranean basin; Light & Van Staden (2004); Brown &
' Improved germination. Van Staden (1998); Brown & Botha
(2004)
Acid Seeds are treated with concentrated H.SOa to | Semecarpus anacardium — 74.67%
3 Scarificati weaken the seed coat and enhance water  |(1 min); Acacia auriculiformis — 92- Olatunji et al. (2013)
carification - -
absorption. 96% (5-10 min).
Mechanical Physical methods like nicking, rubbing, or | Gliricidia sepium; Melia azedarach
4 e sanding break hard seed coats without (80%); Acacia auriculiformis (78%); Bargah et al. (2025) !
Scarification - . . L
damaging embryos. Acacia catechu; Cassia fistula.
Gibberellic GAs enhances germination by activating Increases germination by ~15-30%; |Bewley & Black (1994); Hartmann et al.
5 | Acid (GAs) enzymes, mobilizing stored food, and effective in Acacia mangium and (2011); Taiz et al. (2015) 4
Treatment promoting faster root and shoot growth. other forestry species. 38,59]
Table 4: Comparison of Physical, Chemical, and Thermal Treatments
NS(') Trggf;)r;ent Method Mechanism Advantages Limitations Examples Citations
Meqh_am(_:al Breaks hard seed [Simple, low cost, no| Risk of embryo |Acacia catechu, Cassia
. scarification - ) . . - .
Physical S coat physically, |chemicals required, |damage if not done fistula, Melia 8
1 (nicking, - . . IR Bargah et al. (2025)
Treatment sanding allowing water and | effective for hard | carefully; labor- | azedarach, Gliricidia
rubbing) oxygen entry seeds intensive sepium
Acid Highly effective,
scarification &ﬁzl;i)ﬁssiﬁiilca?g; uniform Hazardous Acacia auriculiformis | Olatunji et al. (2013);
Chemical (H2S0.), - germination, chemicals, requires | (92-96%), Semecarpus| Bewley & Black (1994);
2 enzyme activity and - . A : g
Treatment growth improves precision, higher |anacardium (74.67%),| Hartmann et al. (2011);
embryo growth L : : : 14, 38, 5]
regulators germination cost Acacia mangium Taiz et al. (2015) 14 3%
(GAs)
(GA»3) percentage
Overheating ma Keeley & Pizzorno (1986);
Hot water Heat softens seed | Easy to apply, eco- 9 .y Albizia, Acacia, De Lange & Boucher
s - : damage seeds; - Di
3 Thermal treatment, coat; smoke friendly (especially variable Leucaena (1990); Dixon et al.
Treatment smoke chemicals stimulate [smoke), suitable for . leucocephala; fire- (1995); Crosti et al.
Do effectiveness across e
treatment germination large seed lots species prone ecosystems (2006); Light & Van
P Staden (2004)
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7.1 Different Seed Treatment

7.1.1 Hot Water treatment: Hot water soak an excellent
technique to increase germination is to soak hard-coated
seeds in boiling water. For seeds having hard outer
coverings, including Albizia, Acacia, Cassia, Poplars, and
Leucaena leucocephala, this approach is often applied.
Depending on the species, the seeds are soaked in hot water
for two to forty-eight hours.

7.1.2 Smoke Treatment: Smoke created by fires is crucial
for restoring several plant communities in semi-arid areas,
such as chaparral in southern California (Keeley and
Pizzorno, 1986), fynbos in South Africa (De Lange and
Boucher, 1990), Kwongan in Australia (Dixon et al., 1995),
and the Mediterranean basin (Crostiet al., 2006). Smoke is
currently well known as a germination stimulus for fire-
dependent as well as non-fire-dependent plant species (Jager
et al., 1996; Light and Van Staden, 2004; Light et al., 2005).
Smoke treatments have also shown promise in the
propagation of economically important wild plants, as
germination percentage can be increased significantly
(Brown and Van Staden, 1998; Brown and Botha, 2004).
Therefore, smoke and smoke solutions show much promise
for use in gardening, farming, weed control, habitat
restoration, andconservation techniques (Roche et al., 1997;
Boucher and Meets, 2004; Light and Van Staden, 2004).

7.1.3 Acid scarification: A common approach to weaken
the seed coat is to steep the seeds in concentrated sulfuric
acid.Sulfuric acid is believed to help the seeds absorb water
by exposing the lumens of the macrosclereid cells and
breaking down the seed coat. Semicarpusanacardium seeds
treated with 98% concentrated H2SO4 for one minute
reached a maximum germination rate of 74.67%. According
to Olatunji et al. (2013), Acacia auriculoformis seeds treated
with concentrated H2SO4 for 5-10 minutes had a
germination rate of 92-96%.
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7.1.4 Mechanical Scarification

Knucklingand sanding scarification(mechanical) Breaking
the hard, impenetrable seed coatings of species including
Acacia catechu, A. Nilotica, Albizia spp., and Cassia fistula
requires mechanical techniques. Research has demonstrated
that knuckling Gliricidia sepium seed distal ends raises
germination without damaging the embryo. Impressive
germination percentages of 80% and 78%, respectively,
were produced by sandpaper scarification of seeds from
Melia azedarach and Acacia auriculoformis. (Bargah et al.
2025) 81,

7.1.5 Gebberelic Acid Treatment

The use of Gibberellic Acid as a seed treatment can really
help seeds grow. It makes seeds germinate and grow into
seedlings faster. Gibberellic Acid helps seeds by making
them produce helpers called enzymes. These enzymes are
like tools that help the seed use the food it has stored. This
means the seed can grow faster and more seeds will
germinate.

When seeds are treated with Gibberellic Acid more of them
will germinate. This can be around 15 to 30 percent more
than seeds that are not treated. So if only about half of the
seeds were growing before now around 70 to 90 percent of
them will grow. Gibberellic Acid is also good for the seed
because it helps the seed grow stronger. It makes the roots
and shoots of the seed grow faster.

Gibberellic Acid works by helping the cells in the seed grow
and divide. It also helps the seed overcome problems that
might stop it from growing. This makes Gibberellic Acid a
good treatment to use on seeds before they are planted. It
helps the seeds grow and get established in the ground.
Gibberellic Acid is a way to help seeds, like Acacia
mangiumand other forestry species grow. (Bewley and

Black, 1994; Hartmann et al., 2011; Taiz et al., 2015) [4 3.
59]

Table 5: Summary of Previous Research Studies on Acacia mangium

S. No.| Author(s) & Year Study Focus Key Findings
- - Acacia mangium is a fast-growing multipurpose tree widely used in agroforestry and land
Koutika & Richardson ol : o . S ) P
1 [43] Ecc_)logy,_ uses, and restoration; improves soil fertility through nitrogen fixation but may become invasive in non-
(2019) invasiveness . .
native regions.
2 Hegde et al. (2013) | Growth characteristics Species grows up to 30 m height; adapted to lowland tropical regions and acidic soils;
[41] and distribution suitable for plantation forestry.
3 Nirsatmanto (2016) Effect of planting Planting density significantly influences early growth and development; improved seeds
(48] density on growth show better performance under optimized spacing.
Buvaneswaran & . o L . . . .
4 Na\L/J:mani\;\;' Seed and seedling Significant variation observed in seed traits and seedling growth, useful for selection and
j (2024) 16 SEt ?
[19] variability breeding programs.
5 Paramitha & Mardji | Nursery growth under Seedling growth varies with soil type; better performance observed in fertile and well-
(2015) 521 different soils drained soils.
Nath et al. (1990); L . . . - . . . . . .
[46, Germination and Species shows high adaptability to acidic and infertile soils; widely used in social forestry
6 | Venkatesh (2000) o . : .
62] adaptability and reforestation programs in India.
7 Nugroho et al. (2018)| Physiological growth | Stem inclination affects growth behavior and tension wood formation, influencing structural
[50] (gravitropism) stability.
8 | sunetal. (2025) 58] Tlssue_cultur_e and bud Efficient bud induction achieved Wlthout_ certain nitrogen sources, supporting advanced
induction propagation techniques.

8. Conclusion

ability to fix atmospheric nitrogen, sequester carbon, and

The provided review explores the multi-faceted role of
Acacia mangium, a fast-growing tropical legume that serves
as a cornerstone for global agroforestry while posing
significant ecological risks. While it is highly valued for its

thrive in acidic, nutrient-poor soils (pH < 4), its aggressive
adaptability has led to its classification as an invasive
species in several continents, creating a phenomenon known
as "invasion debt." A critical portion of the study focuses on
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overcoming the species' inherent physical seed dormancy
caused by a thick, water-impermeable seed coat; research
highlights that specialized pre-sowing treatments ranging
from thermal (hot water) and mechanical scarification to

chemical

etching with $H 2SO _4$ and hormonal

stimulation with Gibberellic Acid ($GA_3$) are essential to
achieve high germination rates (up to 96%). Ultimately, the
paper emphasizes the need for a balanced management
approach that maximizes the economic and silvicultural
benefits of Acacia mangium while mitigating the long-term
biological invasion threats to native ecosystems.

References

1.

10.

11.

12.

Adjers G, Srivastava PBL. Nursery practices. In:
Acacia mangium growing and utilization. MPTS
Monograph  Series No. 3. Bangkok: Winrock
International and FAO; 1993. p. 1-75.

Aguiar A, Barbosa RI, Barbosa JBF, Mourao MJ.
Invasion of Acacia mangium in Amazonian savannas
following planting of forestry. Plant Ecology and
Diversity. 2014;7(1-2):359-369.

Arisman H, Havmoller P. Seed supply strategy for a
pulpwood plantation project in southern Sumatra. In:
Proceedings of the International Symposium on Genetic
Conservation and Production of Tropical Forest Tree
Seed; 1993 Jun 14-16; Chiang Mai, Thailand. ASEAN
Canada Forest Tree Seed Centre; 1994. p. 225-228.
Atipanumpai L. Acacia mangium: studies on the genetic
variation in ecological and physiological characteristics
of a fast-growing plantation tree species. Acta Forest
Fennica. 1989;206:1-92.

Awang K, Bhumibhamon S. Genetics and tree
improvement. In: Acacia mangium growing and
utilization. MPTS Monograph Series No. 3. Bangkok:
Winrock International and FAO; 1993. p. 35-57.
Awang K, Taylor D. Acacia mangium growing and
utilization. MPTS Monograph Series No. 3. Bangkok:
Winrock International and FAO; 1993. p. 1-280.

Banik RL, Mannan MA, Sharmila D, Islam SD.
Vegetative propagation of adult trees of acacia hybrid
(Acacia auriculiformis x Acacia mangium). Bangladesh
Journal of Forest Science. 1995;24:74.

Bargah AS, Sharma D, Kumar R, Nag R, Pradhan R.
Enhancing germination of forest tree seeds in
Chhattisgarh through PGR-based treatments: a review.
Journal of Advances in Biology & Biotechnology.
2025;28(7):851-863.

Bargah AS, Toppo P, Singh L, Tuteja SS, Mankur MK,
Painkra DS, et al. Effect of nutrient management on
growth performance of geranium (Pelargonium
graveolens) under karanj (Pongamia pinnata) based
agroforestry system in Chhattisgarh plain. International
Journal of Research in Agronomy. 2024;7(1S):25-29.
Bargah AS, Kumar R, Khandekar H, Vaishnaw AK. A
status of different non wood forest products in
Chhattisgarh, India. International Journal of Plant &
Soil Science. 2024;36(11):23-40.

Baskin JM, Baskin CC. A classification system for seed
dormancy. Seed Science Research. 2004;14:1-16.
Becker ES. Evaluation of samples of Acacia mangium,
Eucalyptus deglupta and Gmelina arborea for kraft
pulping, bleaching and paper strength properties.
Report to the North Borneo Timbers Berhad, Econotech
Ltd.; 1987. p. 1-10.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

~ 1138~

https://www.biochemjournal.com

Bernhard-Reversat F. Dynamics of litter and organic
matter at the soil-litter interface of fast-growing tree
plantations on sandy ferrallitic soils (Congo). Acta
Oecologica. 1993;14(2):179-195.

Bewley JD, Black M. Seeds: physiology of
development and germination. 2nd ed. New York:
Plenum Press; 1994. p. 201-230.

Bhumibhamon S, Thavorn V, Swatdipakdi R. Variation
in heartwood formation of Acacia mangium. MPTS
Research Notes. 1992;2:1-2.

Bini D, dos Santos CA, Bouillet J-P, de Morais
Goncalves JL, Cardoso EJBN. Eucalyptus grandis and
Acacia mangium in monoculture and intercropped
plantations: evolution of soil and litter microbial and
chemical attributes during early stages of plant
development. Applied Soil Ecology. 2013;63:57-66.
Binkley D. Mixtures of N2-fixing and non-N2-fixing
tree species. In: Cannell MGR, Malcolm DC, Robertson
PA, editors. The ecology of mixed species stands of
trees. Oxford: Blackwell Scientific Publications; 1992.
Bouillet J-P, Laclau JP, Gongalves JLM, Voigtlaender
M, Gava JL, Leite FP, et al. Eucalyptus and Acacia tree
growth over entire rotation in single- and mixed-species
plantations across five sites in Brazil and Congo. Forest
Ecology and Management. 2013;301:89-101.
Buvaneswaran C, Navamaniraj K. Seed and seedling
variability in Acacia mangium. Indian Council of
Agricultural Research Journal. 2024.

Castro-Diez P, Godoy O, Saldafia A, Richardson DM.
Predicting invasiveness of Australian Acacia species on
the basis of their native climatic affinities, life-history
traits and human use. Diversity and Distributions.
2011;17:934-945.

Chaer GM, Resende AS, Campello EFC, de Faria SM,
Boddey RM. Nitrogen-fixing legume tree species for
the reclamation of severely degraded lands in Brazil.
Tree Physiology. 2011;31:139-149.

Chai SH. Wood and veneer quality studies of Acacia
mangium. B.S. (For) (Wood Industry) Project Report.
Serdang, Malaysia: Faculty of Forestry, Universiti
Pertanian Malaysia; 1989. p. 1-270.

Chazdon RL. Beyond deforestation: restoring forests
and ecosystem services on degraded lands. Science.
2008;320:1458-1460.

Darus HJA. Vegetative propagation. In: Acacia
mangium growing and utilization. MPTS Monograph
Series No. 3. Bangkok: Winrock International and
FAO; 1993. p. 59-74.

Doran JC, Skelton DJ. Acacia mangium seed
collections for international provenance trials. Forest
Genetic Resources Information. 1982;11:47-53.

Doran JC, Turnbull JW, Boland DJ, Gunn BV.
Handbook on seeds of dry-zone Acacia: a guide for
collecting, extracting, cleaning, and storing the seed and
for treatment to promote germination of dry-zone
Acacia. Rome: Food and Agriculture Organization;
1983. p. 1-25.

Eyles A, Beadle C, Barry K, Francis A, Glen M,
Mohammed C. Management of fungal root-rot
pathogens in tropical Acacia mangium plantations.
Forest Pathology. 2008;38:332-355.

FAO. Nitrogen fixing trees: a training guide. RAPA
Publication No. 1987/15. Bangkok, Thailand: FAO;
1987. p. 1-230.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Forrester DI, Pares A, O'Hara C, Khanna PK, Bauhus J.
Soil organic carbon is increased in mixed-species
plantations of eucalyptus and nitrogen-fixing Acacia.
Ecosystems. 2013;16:123-132.

Franco AA, Campello AFC, Dias LE, de Faria SM.
Revegetation of acidic residues from bauxite mining
using nodulated and mycorrhizal legume trees. In:
Proceedings Nitrogen-Fixing Tree; Turrialba; 1994. p.
313-320.

Franco AA, de Faria SM. The contribution of N2-fixing
tree legumes to land reclamation and sustainability in
the tropics. Soil Biology and Biochemistry.
1997;29:897-903.

Germon A, Guerrini IA, Bordron B, Bouillet J-P,
Nouvellon Y, Gongalves JLM, et al. Consequences of
mixing Acacia mangium and Eucalyptus grandis trees
on soil exploration by fine-roots down to a depth of 17
m. Plant and Soil. 2018;424:203-220.

Gibson MR, Richardson DM, Marchante EM, Hélia R,
James GS, Graham NB, et al. Reproductive ecology of
Australian Acacia: important mediator of invasive
success? Diversity and Distributions. 2011;17:911-933.
Guzman LC, Lawrence JH, Marler TE. Growth and
development responses of three Acacia species to long-
term light regimes. Journal of Sustainable Forestry.
1997;4:119-130.

Hai PH, Duong LA, Toan NQ, Ha TTT. Genetic
variation in growth, stem straightness, pilodyn and
dynamic modulus of elasticity in second-generation
progeny tests of Acacia mangium at three sites in
Vietnam. New Forests. 2015;46:577-591.

Harbard J, Sedgley M. Storage of Acacia mangium and
A. auriculiformis pollen. In: Proceedings of the
International Symposium on Genetic Conservation and
Production of Tropical Forest Tree Seed; 1993 Jun 14-
16; Chiang Mai, Thailand. 1994. p. 199-204.

Harbard JL, Griffin AR, Foster C, Brooker LD, Kha
LD, Koutoulis A. Production of colchicine-induced
autotetraploids as a basis for sterility breeding in Acacia
mangium Willd. Forestry. 2012;85(3):427-436.
Hartmann HT, Kester DE, Davies FT, Geneve RL.
Plant propagation: principles and practices. 8th ed. New
Jersey: Prentice Hall; 2011. p. 195-210.

Harwood CE, Williams ER. A review of provenance
variation in growth of Acacia mangium. In: Carron LT,
Aken KM, editors. Breeding technologies for tropical
acacias. Proceedings of an International Workshop;
1991 Apr 1-4; Tawau, Sabah, Malaysia. ACIAR
Proceedings No. 37; 1992. p. 22-30.

Harwood CE. Recent developments in improvement
strategy for tropical tree species. In: Rimbawanto A,
Widyatmoko A, Suhaendi H, Furukoshi T, editors.
Tropical plantation  establishment: improving
productivity through genetic practices.

Hegde NG, et al. Growth characteristics and
distribution of Acacia mangium. Journal of Forestry
Research. 2013.

Khan AA. Hormonal regulation of seed dormancy and
germination. In: Seed biology. Vol. 1. New York:
Academic Press; 1971. p. 305-344.

Koutika LS, Richardson DM. Acacia mangium Willd.:
benefits and threats associated with its increasing use
around the world. Forest Ecosystems. 2019;6(1):1-13.

44,

45.

46.

47,

48.

49,

50.

51.

52.

53.

54,

55.

56.

57.

58.

~1139~

https://www.biochemjournal.com

Lee KL, Ong KH, King PJH, Chubo JK, Su DSA. Stand
productivity, carbon content, and soil nutrients in
different stand ages of Acacia mangium in Sarawak,
Malaysia. Turkish Journal of Agriculture and Forestry.
2015;39:154-161.

Minj N, Toppo P, Tuteja SS, Singh L, Mankur MK,
Bargah AS, et al. Effect of different potting media on
seeds germination and growth of Dahiman (Cordia
macleodii Hook.) in nursery.

Nath S, et al. Studies on germination and adaptability of
Acacia mangium. Indian Forester. 1990.

National Research Council. Mangium and other fast-
growing Acacia for the humid tropics. Washington DC:
National Academic Press; 1983. p. 63.

Nirsatmanto A. Effect of planting density on growth
and vyield of Acacia mangium. Journal of Tropical
Forest Management. 2016.

Nishad HK, Sharma D, Bargah AS, Thakur S, Rajwade
AK. Influence of pre-sowed biochemical, chemical and
organic treatments to the germination, vigor and
morphological growth of Tamarindus indica L. Plant
Cell Biotechnology and Molecular Biology. 2025;26(9-
10):24-36.

Nugroho WD, et al. Gravitropic response and tension
wood formation in Acacia mangium. Tree Physiology.
2018.

Osunkoya OO, Othman FE, Kahar RS. Growth and
competition between seedlings of an invasive plantation
tree, Acacia mangium, and those of a native Borneo
heath-forest ~ species, = Melastoma  beccarianum.
Ecological Research. 2005;20:205-214.

Paramitha D, Mardji D. Growth responses of Acacia
mangium seedlings under different soil conditions.
International Journal of Forestry Research. 2015.

Paula RR, Bouillet J-P, Trivelin PCO, Zeller B, de
Moraes Gongalves JL, Nouvellon Y, et al. Evidence of
short-term belowground transfer of nitrogen from
Acacia mangium to Eucalyptus grandis trees in a
tropical planted forest. Soil Biology and Biochemistry.
2015;91:99-108.

Permadi DB, Burtona M, Pandita R, Walker |, Race D.
Which smallholders are willing to adopt Acacia
mangium under long-term contracts? Evidence from a
choice experiment study in Indonesia. Land Use Policy.
2017;65:211-223.

Richardson DM, Carruthers J, Hui C, Impson FAC,
Robertson MP, Rouget M, et al. Human-mediated
introductions of Australian Acacia: a global experiment
in  biogeography. Diversity and  Distributions.
2011;17:771-787.

Richardson DM, Kluge RL. Seed banks of invasive
Australian Acacia species in South Africa: role in
invasiveness and options for management. Perspectives
in Plant Ecology, Evolution and Systematics.
2008;10:161-177.

Richardson DM, Le Roux JJ, Wilson JRU. Australian
Acacia as invasive species: lessons to be learnt from
regions with long planting histories. Southern Forests.
2015;77(1):31-39.

Sun X, et al. In vitro propagation and bud induction in
Acacia mangium. Plant Cell, Tissue and Organ Culture.
2025.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

59. Taiz L, Zeiger E, Mgller IM, Murphy A. Plant
physiology and development. 6th ed. Sunderland, USA:
Sinauer Associates; 2015. p. 537-560.

60. Umashankar N, Sharma D, Dixit A, Bargah AS,
Rajwade AK. A comprehensive review of Terminalia
arjuna seedling growth dynamics in nursery condition.
Journal of Scientific Research and Reports.
2025;31(8):916-926.

61. Van Wilgen BW, Dyer C, Hoffmann JH, Ivey P, Le
Maitre DC, Moore JL, et al. National-scale strategic
approaches for managing introduced plants: insights
from Australian Acacia in South Africa. Diversity and
Distributions. 2011;17:1060-1075.

62. Venkatesh B. Adaptability and growth performance of
Acacia mangium in Indian conditions. Indian Journal of
Forestry. 2000.

63. Verma S, Toppo P, Bhariya SK, Singh L, Mankur MK,
Bargah AS, et al. Effect of different potting mixture on
seedling growth and performance of wild jackfruit
(Artocarpus lacucha Buch.) in nursery.

~ 1140~

https://www.biochemjournal.com



https://www.biochemjournal.com/

