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Leucaena leucocephala (Lam.) de Wit (commonly known as leucaena) is a leguminous
species of the family Fabaceae and a native of Mexico and Central America. It is often
addressed as a “miracle tree” for offering a wide variety of ecosystem services and
possessing strong ecological attributes. The multiple uses of leucaena in agroforestry,
livestock, and restoration practices led to the worldwide distribution of its ssp. glabrata
and leucocephala. However, following its introduction into non-native regions, the
commercial value of ssp. leucocephala was challenged by its large-scale spread outside
the cultivation zone. It has assumed a status of an environmental weed and invasive
plant in many regions across Africa (17 countries and Island nations), Asia (17), Europe
(1), Oceania (23), North America (12), and South America (7). The plant is enlisted in
the top five terrestrial invasive plant species with the greatest international presence.
The species is now considered one of the 100 worst invaders in the world. The plant
mainly invades roadsides, wastelands, cultivated lands, riverbanks, and forest edges,
and suppresses the growth of other woody and herbaceous species. Its infestations alter
the patterns of vegetation, plant succession, and community assembly in the introduced
habitats. Propagation of ssp. leucocephala, without considering the environmental risks
associated with it, may result in major repercussions and irreparable losses. Therefore,
it is important to discuss its invasive propensities and the possible alternatives that
may replace the weedy species without encumbering its economic benefits. This review
aims to thoroughly evaluate the ecological and invasive attributes of leucaena, promote
awareness about the ecological costs associated with its spread, and suggest suitable
options for its management.

Keywords: environmental weed, invasive plant species, leucaena (Leucaena leucocephala), weed management,
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INTRODUCTION

Leucaena leucocephala (Lam.) de Wit (hereafter, leucaena)
is a leguminous species of the family Fabaceae (sub-family:
Mimosoideae), indigenous to Mexico and Central America
(Olckers, 2011; Batisteli et al., 2020). Three sub-species of
leucaena are reported in the literature, namely L. leucocephala
ssp. glabrata, L. leucocephala ssp. leucocephala, and L.
leucocephala ssp. ixtahuacana. Leucaena is often addressed
as a “miracle tree” for offering a wide variety of ecosystem
services and possessing strong ecological attributes such as fast
growth, quick regeneration, nitrogen-fixing ability, and tolerance
toward nutrient-poor soils, high temperature, drought, and
salinity (Chaturvedi and Jha, 1992; Chen et al., 2018; Bageel et al.,
2020). These attributes contributed to its popularity in several
national and international agroforestry programs (Brewbaker,
1987; Harris et al., 1994), livestock production and feeding
systems (Gonzélez-Garcia et al.,, 2009), and restoration strategies
for the degraded ecosystems (Chen et al., 2018), which led to its
worldwide distribution (mainly ssp. glabrata and leucocephala)
during the 19th and 20th century.

Although leucaena has been acclaimed as a multipurpose
tree that has provided numerous economic benefits to the
stakeholders and supported the livelihoods of several small-scale
farmers; however, following its introduction, ssp. leucocephala
has assumed the status of an environmental weed in most of
its non-native regions (Olckers, 2011). It has been declared a
troublesome invasive plant with severe ecological implications
in several parts of Africa, Asia, Oceania, and South America
(CABI, 2021). It is now considered one of the 100 worst
invaders in the world (GISD, 2021). Several countries have
restricted the plantations of ssp. leucocephala because of its
adverse impacts on biodiversity, while others have continued
propagating the species for different commercial and non-
commercial purposes. Propagation of ssp. leucocephala, without
considering the environmental risks associated with it, may
result in major repercussions and irreparable losses. Therefore,
it is important to discuss its invasive propensities and the
possible alternatives that may replace the weedy species
without encumbering its economic benefits. This review aims
to thoroughly evaluate the ecological and invasive attributes
of leucaena, promote awareness about the ecological costs
associated with its spread, and suggest suitable options
for its management.

MORPHOLOGICAL CHARACTERISTICS

Leucaena is an evergreen tree, often reaching a height of 7-
18 m (Chiou et al., 2013; Figure 1). The root system of mature
plants is deep, with an architectural composition of long taproots,
fine tertiary roots, and numerous robust lateral roots (Pandey
and Kumar, 2013). The stem is woody, cylindrical, branched,
and dark brown (Chiou et al., 2013). Leaves are bipinnate and
slightly asymmetric with 6-8 pairs of leaflets (Chiou et al., 2013;
Figure 1). The inflorescence is usually borne on actively growing
shoots, cream in color, and globular/capitate in shape with 100-
180 flowers per head (Pandey and Kumar, 2013; Figure 1). Each

flower head produces 5-25 pods that are flat, linear to oblong
in shape, lustrous, covered with velvety hairs, and consists of
15-30 seeds, which are released from both margins of the pod
(Hwang et al., 2010; Figure 1). Seeds are small (6.7-9.6 mm long,
4-6.3 mm wide, and 0.080-0.070 g in mass) with a flat surface,
hard testa, discoidal shape, dark brown color, and transverse
alignment in the pods (Pandey and Kumar, 2013; Ngongolo et al.,
2014; Batisteli et al., 2020; Figure 1). Due to its rapid growth rate,
it is estimated to have annual biomass productivity of 50 tons per
hectare in the Mediterranean and tropical regions (Awang et al.,
2019).

SUBSPECIES, TYPES, AND
HYBRIDIZATION

Three sub-species of leucaena, namely L. leucocephala ssp.
glabrata, L. leucocephala ssp. leucocephala, and L. leucocephala
ssp. ixtahuacana have been identified (Lok et al., 2010). Of
these, ssp. leucocephala (also known as common leucaena) and
glabrata (also known as giant leucaena) have been introduced
pantropically and ssp. leucocephala is the most widely distributed.
Compared to the large size of ssp. glabrata, ssp. leucocephala
is a small tree or bushy shrub with huge reproductive capacity
that resulted in its widespread naturalization, and therefore, it
is considered an aggressive colonizer of ruderal sites, degraded
lands, and occasionally agricultural fields (Bageel et al., 2020).
Morphological variations in the three subspecies are listed in
Table 1. Leucaena has also been differentiated into three distinct
types, i.e., “Hawaiian” or “common” type, which is a short
(5m) and bushy variant; “Peru” type, which is a tall (15m)
and extensively branched variant; and “Salvador” or “Hawaiian
Giant” type, which is a tall (20 m) and unbranched variant. The
“Hawaiian” type refers to ssp. leucocephala, whereas the “Peru”
and “Salvador” types are placed under ssp. glabrata (MacLaurin
etal,, 1981; ICAR, 2006).

Interspecific hybridization contributes significantly to the
origin of new species, particularly in the case of polyploid
species such as leucaena (Gaskin, 2017). Leucaena is an
allotetraploid species, that evolved through the natural
hybridization between L. pulverulenta and L. lanceolate
(Bageel et al, 2020). Polyploid species usually can restore
sexual reproduction after hybridization (Te Beest et al., 2012),
and therefore, several fertile hybrids of leucaena have been
reported. The most common hybridization has been observed
between L. leucocephala ssp. leucocephala (“Hawaiian” type)
and ssp. glabrata (“Peru” type) and the resultant hybrid is
suggested to be the most suitable foraging variety (MacLaurin
et al, 1981). Bageel et al. (2020) listed several promising
hybrids of leucaena for cultivation like K5, K8, K28, K29,
K67, K132, Cunningham, K584, Tarramba, K748, K1000,
Redlands, Lanang, Wondergraze, etc., to obtain high biomass
yields, digestibility, wood vyield, seedling vigor, cold tolerance,
and psyllid resistance. There are also several interspecific
hybrids of leucaena that produce either no or very few
seeds. Cultivar KX2-Hawaii (developed by selection from
advanced generations of the original F1 hybrid L. pallida K376

Frontiers in Agronomy | www.frontiersin.org

May 2022 | Volume 4 | Article 890992


https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org
https://www.frontiersin.org/journals/agronomy#articles

Sharma et al.

Biology and Management of Leucaena

FIGURE 1 | Physical characteristics of Leucaena leucocephala, (A) reproductive buds, (B) Inflorescence, (C,D) Flowering shoot, (E) Mature pods, (F) Seeds.

TABLE 1 | General characteristics of the three subspecies of Leucaena
leucocephala.

Plant characteristics Sub-species of Leucaena leucocephala

glabrata leucocephala ixtahuacana

Distribution Pantropical Pantropical Guatemala;
Southeast Mexico

Habit Arborescent Shrubby Arborescent
Tree height (m) 8-20 3-8 3-8
Leaf length (cm) >19 <20 <20
Leaf width (cm) >12 <12 <12
Leaflet length (mm) 16-21 9-13 9-13
Flowerhead diameter (mm) >18 13-17 13-17
Flowers per flower head >120 <125 <125
Pod length (cm) 12-19 9-13 9-13
Pod width (mm) 18-21 13-18 13-18

Source: Walton (2003a), Bageel et al. (2020).

x L. leucocephala ssp. glabrata K8) and Cultivar Redlands
(developed using 5 elite KX2 F1 hybrids) are highly efficient
but self-sterile hybrids of leucaena (Dalzell, 2019). Cultivar
KX4-Hawaii is a male-sterile triploid hybrid between L.
leucocephala ssp. glabrata K636 and L. esculenta K838,
which is vegetatively propagated, psyllid-resistant, arboreal,
vigorous, and cold-tolerant (Dalzell, 2019). The recently
instigated research projects focusing on the development
of absolutely sterile cultivars of leucaena may lead to a
series of mutagenized seedless plants in the near future
(Buck et al., 2019; McMillan et al., 2019).

GEOGRAPHIC DISTRIBUTION AND
ECOLOGICAL REQUIREMENTS

Leucaena is a native inhabitant of Mexico and Central America
and has been introduced worldwide for its commercial value.
Its distribution has been recorded within 15-25° (North or
South) of the equator. The global distribution of the plant
is presented in Figure 2, according to the database of CABI
(2021). Marod et al. (2012) described the species’ preference
for sub-humid or humid conditions, a warm environment
with a temperature >15°C, and annual precipitation ranging
within 500-3,500 mm for germination and growth (Kodiango
and Palapala, 2016). Leucaena favors alkaline and well-drained
soils with pH from neutral to slightly basic and an altitude
lower than 1,400 m (Chiou et al., 2013; Verdecia et al., 2020).
It has been reported to be intolerant to frost and shade (Chiou
et al, 2013). Also, available nitrogen and phosphorus are the
major limitations for leucaena (Lin et al., 2019); however, the
plant can fix nitrogen from the atmosphere via establishing
symbiosis with nitrogen-fixing bacteria belonging to the genera,
Mesorhizobium and Rhizobium (Sithole et al., 2021). Under
adverse environmental conditions, the plant may develop several
physiological and biochemical strategies to combat abiotic stress
(da Silva Rodrigues-Corréa et al., 2019).

GERMINATION AND REPRODUCTIVE
BIOLOGY

Epigeal germination is observed in the seeds of leucaena, which
occurs with or without scarification (Parrotta, 1992). Seeds are
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FIGURE 2 | Global distribution of Leucaena leucocephala.

reported to germinate in a temperature range of 15-40°C, and
a pH range of 4-9. This justifies the preference of leucaena
for warm climates and alkaline soils, although the germination
ability of the plant in acidic environments has also been
successfully demonstrated (Kodiango and Palapala, 2016). Seeds
have a partial light requirement and can emerge from a burial
depth of 0-5 cm, while increasing the burial depth decreases the
seed viability in a directly proportional manner (Hwang et al,,
2010). For plantation, 2-3 months old seedlings are suitable,
which can be propagated through direct seeding, stem cuttings,
and bare-root/container seedlings (Parrotta, 1992). The seed
germination and growth rate of leucaena are limited in the colder
regions (<15°C), acidic soils with high aluminum or calcium
content, water-logging conditions, and under psyllid or termite
attack (Timyan, 1996). Moreover, no germination was observed
below the osmotic potential of —0.4 MPa (Hwang et al., 2010).
Leucaena is a self-compatible tetraploid (2n = 4x = 104);
however, out-crossing has also been observed in the plant
(Harris et al., 1994; Olckers, 2011). In the invaded ranges,
flowering has been reported all year round, depending on the
availability of adequate moisture (Wu et al., 2013; Marques
et al., 2014). Parrotta (1992) reported the onset of flowering
within 4-6 months of germination. Pollination is achieved
through entomophily, primarily through bees, and seed set
has been observed in one-year-old seedlings (Ngongolo et al.,
2014). With the onset of fruiting and seed set, a corresponding
suppression of vegetative growth has also been documented
(Orwa et al., 2009). The pods ripen after 10-15 weeks of seed
setting but under drought stress, the pods are retained for a
longer time (Raghu et al., 2005). The plant usually has flowers

and pods (immature and mature) simultaneously (Batisteli et al.,
2020).

The pods usually release seeds while still being attached
to the branch, although unopened or partially opened pods
may also detach from the main plant and disperse along with
the seeds through anemochory (Parrotta, 1992; Batisteli et al,,
2020). Livestock or wild animals may also act as dispersal
agents (zoochory) by consuming the pods and passing the
undigested (or partially digested) seeds through their digestive
tract (Parrotta, 1992). The seeds can remain viable for 10-20
years owing to their hard testa, thereby forming a persistent seed
bank in the soil (Olckers, 2011). Leucaena can produce ~5,500
seeds m~2 per year (Marques et al., 2014). This large number of
seeds forms a persistent seed bank of the plant with a viability
of 1-5 years (Marques et al, 2014). Additionally, vegetative
reproduction via resprouting of shoots has been documented
after cutting and events of forest fire (Agriculture Victoria, 2021).

MIMOSINE: A CHARACTERISTIC
SECONDARY METABOLITE OF LEUCAENA

Mimosine is a non-proteinaceous amino acid and a secondary
metabolite present in all plant parts of leucaena, with the
maximum concentration being reported in young foliage (Honda
and Borthakur, 2019). Several biological activities such as
anticancer, antifungal, antimicrobial, defense against herbivores
and pests, and allelopathy are associated with this molecule (da
Silva Rodrigues-Corréa et al., 2019). Moreover, mimosine is a
phytosiderophore, secreted by the roots of leucaena into the
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rhizosphere for uptake of metallic cations such as Fe(III), Zn(II),
Cu(II), and Mn(II), as a result of which leucaena can grow
in calcareous alkaline soils where other plants cannot flourish
(Honda and Borthakur, 2020). Recent studies also describe
mimosine as a stress-response molecule involved in general
oxidative stress modulation acting as a hydrogen peroxide and
superoxide anion quencher (da Silva Rodrigues-Corréa et al.,
2019). In ssp. glabrata, it is produced in large quantities under
favorable growth environments and utilized as a source of
carbon and nitrogen under low-nutrient conditions (Honda
and Borthakur, 2021). Most leucaena-nodulating rhizobia can
degrade and utilize mimosine as a source of nutrients (Soedarjo
and Borthakur, 1998).

On the contrary, mimosine is reported to be toxic to other
plants and animals. Once ingested by animals (ruminants and
non-ruminants), it is converted to 3-hydroxy-4(1H)-pyridone
(3H4P) and 2,3-dihydroxypyridine (2,3-DHP) (Ilham et al,
2015), which may induce hyperactivity, weight loss, goiter,
reduction in appetite, and interference with the reproductive
process (MacLaurin et al, 1981; Wardatun et al, 2020).
MacLaurin et al. (1981) reported that monogastric animals
cannot neutralize the toxicity of mimosine. However, there are
reports in the literature suggesting that the toxicity of mimosine
can be addressed via several methods. Inoculation of cattle
with mimosine-degrading rumen bacterium, Synergesties jonesii,
can convert 3H4P and 2,3-DHP into harmless products and
render cattle with the ability to avoid mimosine toxicity (Jones
and Megarrity, 1986). Literature also suggests that soaking the
harvested foliage for 24 h in water removes 99 % of mimosine
(Soedarjo and Borthakur, 1996). Similarly, post-harvest storage
of leucaena for up to 72h at room temperature did not seem
to affect the nutritional and structural contents of the foliage.
However, it reduced mimosine content by 25%, which can
be attributed to the mimosine-degrading enzyme, mimosinase,
which remains active in the plant even after harvest (Bageel and
Borthakur, 2022).

APPLICATIONS

Leucaena is being used as a nutritious forage crop, agroforestry
species for enhancing soil fertility in the degraded regions,
and a source of numerous commercial and non-commercial
ecosystem services in many sub-tropical, tropical, semi-arid,
and Mediterranean regions of the world (Yousif et al., 2020).
The provisioning services provided by leucaena include fodder,
medicine, timber, firewood, high-quality paper, gum, green
manure, fence posts, windbreaks, shade, biochar, biodiesel, and
raw material for versatile industrial uses (Yusuff et al., 2019;
Bageel et al., 2020; Yousif et al., 2020; De Angelis et al., 2021;
Ibrahim et al., 2021). In terms of regulating services, leucaena
can fix nitrogen and control soil erosion (Bageel et al., 2020). The
cultural services provided by leucaena include landscaping and
providing aesthetic beauty, particularly in urban environments
(Sartori et al., 2019). Similarly, among the supporting services,
leucaena is mainly known to regulate soil nutrient cycling and
enhance soil fertility (Kumar et al., 1998; Isaac et al., 2003).

As a perennial legume, it is an important food source
for feeding ruminants and chicken breeds due to its high
palatability, optimal nutritional characteristics (high content
of crude protein and non-structural carbohydrates), and fast
growth rate (Verdecia et al, 2020; Thamaga et al, 2021).
It fulfills the conditions to be a good nutraceutical (Marie-
Magdeleine et al., 2020) and the inclusion of leucaena into a
grass-based diet positively affects rumen fermentation, reduces
CH4 formation, and enhances beneficial fatty acids (Irawan
et al., 2020). In earlier times, leucaena was used to treat
stomach diseases, facilitate abortion, contraception, and cure
diabetes (Chowtivannakul et al., 2016). Current research also
advocates its antidiabetic, anti-inflammatory, anthelmintic and
antioxidant potential (Chowtivannakul et al., 2016; Zarin et al.,
2016; Figueiredo et al., 2020). It has also been reported as a potent
therapeutic agent for preventing and treating oral cancer (Chung
et al., 2017).

It is an ideal plant species for the reforestation of marginal
lands and watersheds as it can fix nitrogen, thrive on steep
slopes, and control soil erosion (Bageel et al., 2020). Studies
incorporating leucaena in agroforestry as an alley crop, mulch, or
biochar showed higher crop yields, improved soil nutrient profile
and suppression of weed growth (Heineman et al., 1997; Kumar
et al., 1998; Isaac et al., 2003; Elias et al., 2020). Studies have
also implicated the potency of leucaena for phytoremediation
(Avila et al., 2020; Bomfim et al., 2021) and wastewater treatment
(Kristanda et al., 2021). It possesses inherent characteristics, e.g.,
the ability to survive in harsh environmental conditions and in a
wide range of ecological settings, fast growth and reproductive
rate, high phytomass production that can accumulate a large
amount of heavy metals, and active coppicing that reduces the
costs of replantation (Ssenku et al., 2017).

INVASIVE ATTRIBUTES

Invasion Status

Leucaena is considered a conflict species owing to its strong
invasive potential and useful agroforestry attributes. Although, of
the three known sub-species of leucaena, only ssp. leucocephala is
considered invasive; however, a large portion of literature does
not differentiate between the two subspecies. Here we assume
that most of the reports related to the invasion of leucaena
address ssp. leucocephala. We also recommend the precise and
absolute identification of the subspecies/cultivar of leucaena for
future research purposes, as it will facilitate the betterment of risk
assessment and course of action.

Leucaena has been widely introduced across the globe through
various national and international forestry and forage programs
(Brewbaker, 1987; Harris et al., 1994; Gonzalez-Garcia et al.,
2009). The plant is enlisted in the top five terrestrial invasive
plant species with the greatest international presence by Turbelin
et al. (2017). Its presence has been recorded in the 28 of 30
Oceanic Islands surveyed by Kueffer et al. (2010). However, as
far as its invasion status is concerned, it is not regarded as
invasive in every country it has been introduced to, as some
categorize it as “contentious” (Clarkson et al., 2010; Campbell
et al,, 2019). On the contrary, several other countries consider
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it an aggressive invasive species of the tropical and subtropical
regions (Richardson and Rejmdnek, 2011). As per CABI (2021),
the plant is considered invasive in several parts of Africa (17
countries and Island nations), Asia (17), Europe (1), Oceania
(23), North America (12), and South America (7) (Table 2).
Based on its rate of spread and severe impacts on biodiversity,
it has been recognized as one of the world’s 100 worst invasive
species (GISD, 2021).

Most countries or Islands where the plant has emerged as
invasive have introduced it deliberately for different reasons. For
example, it was introduced multiple times in several regions of
China between the 1920s and 1990s for afforestation, and to
prevent water loss, and soil erosion (Tuda et al., 2009; Xu et al,,
2013). On Hainan Island (China), it was used for the large-
scale reforestation of a tropical forest in Baopoling hill, which
was damaged due to extensive mining and industrial processes
(Luo et al, 2020; Zhang et al, 2021). In India, leucaena was
intentionally planted throughout the country for afforestation
purposes (Kohli et al., 2012), and at present, its severe infestations
can be observed in north-eastern regions and western Himalayas
of India (Sekar, 2012; Debnath and Debnath, 2017). In Taiwan,
the plant was introduced in 1,645 for household uses such as
fodder, fuel, and pulp, and it widely proliferated in the lowlands
of the country in the 1900s (Lu et al., 2013).

In South Africa, leucaena has been present since the 20th
century. However, its spread is limited to low altitudinal regions
with the highest densities being observed in the Durban-Tongaat
area and scattered populations being reported from southwards
in the Eastern Cape and northwards in Mozambique (Olckers,
2011). In Colombia, leucaena was planted in the pastures for
fencing and providing shade to the livestock, and later, it
spread throughout the tropical forest biome (Sanabria-Silva and
Amarillo-Suérez, 2017). In Brazil, the introduction of leucaena
was supported by the state of Sdo Paulo in 1940 (de Sousa
Machado et al., 2020) and now, the plant is recognized as a
present and potentially invasive species of its different ecoregions,
i.e., Atlantic forests, Caatinga, Cerrado, Amazon Mangroves,
Southern Atlantic Mangroves, Atlantic Dry forests, Araucaria
Moist forests, Dry Chaco, and Pantanal (Marques et al., 2020).
The history of the introduction of leucaena in different countries
where the plant is considered invasive is provided in Table 2.

Invasion Potential

Numerous functional attributes such as year-long flowering
and fruiting, self-compatibility, massive propagule production,
persistent seed bank, tolerance to the environmental stresses,
ability to establish in the disturbed lands, and regeneration
ability ensure the successful establishment, naturalization, and
invasion of leucaena in the non-native habitats (Orwa et al.,
2009; Marler, 2020). Further, the physiological and biochemical
adaptations ensure its adaptability under environmental stresses
(da Silva Rodrigues-Corréa et al., 2019). Luo et al. (2020)
observed that leucaena outperformed eight dominant native
species in the tropical forests of Hainan Island (China) in terms
of photosynthetic rate, transpiration rate, stomatal conductance,
and osmotic/water stress tolerance. Further, leucaena is a
tetraploid, and polyploid species usually have a higher survival

and predisposed adaptability to the novel conditions of invaded
habitats (Te Beest et al., 2012). High promiscuity of leucaena
has also been reported by Ramirez-Bahena et al. (2020),
which allows it to establish symbiosis with rhizobia of the
different nativity as that of the plant, thereby increasing its
invasive potential.

According to Chou and Kuo (1986), leucaena suppresses
the growth of other woody plant species in its vicinity and
herbaceous species in its understorey cover through allelopathy.
Leaf litter of leucaena has been reported to reduce the seed
germination and seedling growth in maize (Zea mays L.)
under laboratory conditions (Singh et al., 1999). Likewise,
the allelopathic effect of leucaena has also been reported
on rice (Oryza sativa L.), soybean (Glycine max (L.) Merr.),
radish (Raphanus sativus L.), cucumber (Cucumis sativus
L.), and several weed species [e.g., Ageratum conyzoides L.,
Tridax procumbens L., Emilia sonchifolia (L.) DC. ex Wight,
Eichhornia crassipes (Mart.) Solms, Medicago sativa L., and
Cynodon dactylon (L.) Pers.] (Chaturvedi and Jha, 1992; Parvin
et al, 2011; Chai et al, 2013; Kalpana and Navin, 2015; de
Mattos Ribeiro et al., 2017; Chen et al, 2018). Phytotoxic
allelochemicals present in the leachates of leucaena were
reported to increase the electrolyte leakage and production
of reactive oxygen species, decrease the membrane stability
and cellular respiration, and modulate the activities of catalase
and ascorbate peroxidase in the test plants (Chai et al,
2013).

Invasion of leucaena in the introduced regions is
also determined by different environmental factors like
temperature, precipitation, anthropogenic influence, and
landscape characteristics (altitude and aspect, proximity to
river/road/agricultural land/forest edges, and forest type) (Chiou
et al., 2013). Of these factors, temperature, precipitation, and
altitude play the most influential role in the spread of leucaena
(Chiou et al., 2013). Most often, leucaena has been found to
dominate the areas near riverbanks, roadsides, agricultural
lands, forest edges, and wastelands (Chiou et al., 2013). In South
Africa, the maximum invasion of the plant has been witnessed
in Savanna Biome, followed by watercourses and wetlands,
forest habitats, and Grassland Biome (Olckers, 2011). Natural
and anthropogenic disturbances also have an important role
in enhancing the invasion potential of leucaena. The average
annual rate of spread of leucaena was 3.55 ha in disturbed
and abandoned areas (Chen et al, 2012). Rapid changes in
the land use pattern have elevated the impact of leucaena
in the Hengchun peninsula in Taiwan (Chiou et al., 2016).
With increasing shifts in seasonal and land-use patterns, the
invasion potential of leucaena is likely to be aggravated in
the near future. According to the climatic suitability study
assessing the projected spread of 41 invasive species in Sri
Lanka, leucaena showed the maximum potential of spread after
Panicum maxicum Jacq. and Lantana camara L. (Kariyawasam
et al., 2020). A high probability of its distribution has also been
predicted throughout Latin America, central and southern
Africa, southeastern Asia, eastern Australia, New Zealand, and
Western Europe, particularly in the protected areas (Wan et al,,
2018).
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TABLE 2 | List of countries in which Leucaena leucocephala is considered invasive (modified from CABI (2021)).

S. No. Country invaded Year of introduction Purpose of introduction Reference/s
Africa
1. Botswana - - -
2. Burundi 1933 (transported from High-quality fodder
Yangambi, Zaire) Pascal and Salvator, 1994
3. Cameroon 1960s Shade; soil improvement
Aléné et al., 2012
4. Comoros 1962 Forage
Vos, 2004
Republic of the Congo - - -
Ethiopia Early 1980’s Firewood; fodder; increase in soil
fertility Yirgu et al., 2015
Ghana - - -
Kenya 19th century Reforestation
Maghembe and Chirwa, 1996
9. Malawi 19th century Reforestation
Maghembe and Chirwa, 1996
10. Mauritius 1767 Research (by famous horticulturist
and botanist Pierre Poivre) Rawanawshah, 1994
11. Namibia Prior to 1992 (transported -
from South Africa) Ulbrich, 2015
12. Réunion - - -
13. Seychelles 1918 Timber production
Kueffer and Vos, 2004
14. South Africa 20th century -
Olckers, 2011
15. Tanzania 19th century Reforestation
Maghembe and Chirwa, 1996
16. Uganda Prior to 1984 Nitrogen enrichment in soil
Bekunda, 1998
17. Zambia 19th century Reforestation
Maghembe and Chirwa, 1996
Asia
1. Bangladesh 1977 Forestry; plantation trials by the
forest department Pallewatta et al., 2003; Igbal et al.,
2007
2. Chagos Archipelago 1988 -
Sand, 2009
3. China (Fujian, Guangdong, Multiple introductions Afforestation; prevention of water
Guangxi, Guizhou, Hainan, and between the 1920s and loss and soil erosion; large-scale Tuda et al., 2009; Xu et al., 2013; Luo
Yunnan Province) 1990s (within different reforestation of a tropical forest in et al., 2020; Zhang et al., 2021
provinces as well as from Baopoling hill (Hainan Province)
outside the country)
Cocos Islands - - -
Hong Kong 1860 -
Corlett, 2005
6. India 1976 Afforestation; shade
Parrotta, 1992; Kohli et al., 2012;
Nimbkar, 2019
7. Indonesia Reintroduction in 2001 Shade in plantations of coffee,
cocoa, and other crops Parrotta, 1992; Nulik et al., 2013
8. Japan Prior to 1867; 1862 in the -
Ogasawara Islands Yoshida and Oka, 2004; Tuda et al.,
2009
9. Malaysia - Shade
Parrotta, 1992
10. Maldives - - -

(Continued)
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TABLE 2 | Continued

S. No. Country invaded Year of introduction Purpose of introduction Reference/s
11. Pakistan 1977 Nitrogen enrichment in agricultural
soils Haque, 1990
12. Philippines During the Spanish Colonial Fodder; bedding for animals
Trade (1565-1825) Parrotta, 1992; Walton, 2003b; Tuda
et al., 2009
13. Singapore Prior to 1958 (imported from Land reclamation; soil
Indonesia or Malaysia) improvement Lok et al., 2010
14, Sri Lanka Early 1980s -
Pallewatta et al., 2003
15. Taiwan 1645 Fodder; fuel; pulpwood
Tuda et al., 2009; Lu et al., 2013
16. Thailand During the Sukhothai Period Reforestation
(1238-1378); reintroduction in Tuda et al., 2009
1939 from India
17. Yemen (Socotra Islands) - -
Senan et al., 2012
Europe
1. Spain (Canary Islands) - - -
Oceania
1. American Samoa During the European Era (after -
the 1830s) Whistler, 1994
2. Australia (New South Wales, End of 19th century (imported Shade; soil stabilization;
Northern Territory, Queensland, from Papua New Guinea or ornamental species Brewbaker, 1987; Walton, 2003b
Western Australia) Fiji)
Christmas Island - - -
Cook Islands - Source of biofuel
Paynter and Dodd, 2012
Federated States of Micronesia - - -
Fiji - Shade
Parrotta, 1992
7. French Polynesia (Marquesas Prior to 1893 -
Islands) Walton, 2003b
8. Guam During the Spanish Colonial Rehabilitation of sites damaged
Trade (1565-1825); during World War Il Parrotta, 1992; Walton, 2003b
reintroduction after World War
I
9. Kiribati 1992-1994 Nitrogen fixation
Teunissen et al., 1995
10. Marshall Islands - - -
11. Nauru Prior to World War Il Fast-growing windbreaks for
other cultivated species; nitrogen Thaman et al., 2009
fixation
12. New Caledonia 1855 -
Walton, 2003b
13. Niue - - -
14. Norfolk Island - - -
15. Northern Mariana Islands Prior to 1946 Reduce soil erosion
Willsey et al., 2019
16. Palau - - -
17. Papua New Guinea - Shade
Parrotta, 1992
18. Pitcairn - - -
19. Samoa - - -
20. Solomon Islands - - -
21. Tonga - - -
22. Vanuatu - Nitrogen fixation; cattle feed;
fuel-wood source Bakeo and Qarani, 2003
283. Wallis and Futuna - - -

(Continued)
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TABLE 2 | Continued

S. No.

Country invaded

Year of introduction

Purpose of introduction

Reference/s

North America

1.

@ N o O Eal I

©

11.
12.

Bahamas
Bermuda
Cayman Islands
Cuba

Dominican Republic
Haiti
Jamaica

Puerto Rico

Trinidad and Tobago
Turks and Caicos Islands

U.S. Virgin Islands

United States (Florida, Hawaii,
Texas)

South America

1.

Argentina

Bolivia

Brazil (Acre, Alagoas, Amazonas,
Ceara, Espirito Santo, Maranhao,
Mato Grosso do Sul, Minas

During the Spanish Colonial
Trade (1565-1825); 1864 in
Hawaii

1975 in Villa Dolores

During the Spanish Colonial
Trade (1565-1825);
reintroduction in 1840

Ruminant production; promotion
of silvopastoral system

Pioneer tree in highly degraded
subtropical dry forests

Fodder

Shade

Forage

Afforestation

Ruiz et al., 2019

Wolfe and Van Bloem, 2012

Hardman, 2009

Parrotta, 1992; Walton, 2003b

Ayerza, 1984

Parrotta, 1992; de Sousa Machado
et al., 2020

Gerais, Parana, Pernambuco,
Piaui, Rio de Janeiro, Rio Grande
do Sul, Rondonia, Sergipe)

4, Colombia -

Easter Island -
Galapagos Islands 1985

7. Paraguay 1970s

Fencing of pastures; shade for the
livestock Sanabria-Silva and Amarillo-Suérez,

2017

Fodder

Amarillo-Suarez et al., 2020
Forage; grazing

Glatzle et al., 2019

“-” represents “data not available” for the particular field.

Impact of Invasion

Leucaena suppresses the growth of resident woody species and
understory vegetation, thereby reducing species diversity and
richness. It has been reported to form thickets or monospecific
stands that threaten the rare and endemic plant species (Costa
et al., 2015; Campbell et al., 2019). A field study by Jurado et al.
(1998) has proven the harmful effect of leucaena plantation on
the seedling establishment of resident species. Leucaena inhibits
light transmittance to the forest floor due to excessively broad
and bushy growth, which hampers natural forest regeneration
(Marod et al., 2012). Yoshida and Oka (2004) reported that
invasion by leucaena has altered the second successional pathway
and reduced the biodiversity in late-successional forests of the
Ogasawara (Bonin) Islands. Similarly, Hata et al. (2007) also
reported reduced seed germination and seedling growth of
Schima mertensiana Koidz. in sites dominated by leucaena,
compared to those dominated by Trema orientalis (L.) Blume,

indicating a potential shift in the pattern of early succession in
the region. The plant has been known to modify the forest and
savannah ecosystems of Brazil in different manners, producing
an irreversible impact (Mignoni et al., 2018).

Monospecific stands of leucaena in the invaded forest
ecosystems also increased the mineralization of elements in the
soil and decreased its ability to sequester recalcitrant carbon
and nitrogen pools (Marler et al., 2016; Marler, 2020). The soil
properties of the Mariana Islands of Guam were changed by
long-term infestations of leucaena and other invasive species to
the extent that long-term mitigation and restoration activities
are required for the below-ground ecosystems to return to their
native state (Marler, 2020). Invasion by leucaena has driven
the abandonment of farmlands and uprising of industrialization
in Penghu Island, Taiwan, and such land-use changes have
influenced both the native flora and fauna and increased the
vector-borne diseases (Wei et al., 2020).
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MANAGEMENT

So far, only the conventional techniques have been used to
manage leucaena, which include mechanical, chemical, and
biological control methods. Mechanical methods include cutting
the adult trees followed by shading/covering the trunk with
plastic sheets or trunk girdling to reduce the emergence of
new sprouts (Peng et al., 2019). If newly emerging sprouts are
consistently managed, and the targeted area is rehabilitated by
suitable native vegetation, the method can effectively manage
the spread and regeneration of leucaena. However, the scheme
is usually expensive, labor-intensive, and requires consistent
efforts for longer durations. It has also been observed that
bulldozing and similar anthropogenic disturbances facilitate the
quick regeneration and seedling recruitment of the species (Jaime
et al,, 2017). This will demand additional and repetitive efforts
for its complete removal. In addition, natural management of the
plant via regular grazing is another viable option, but leucaena
has displayed a remarkable resilience toward frequent grazing,
which otherwise can only control the vegetative growth of the
plant (Idol, 2019).

Chemical control includes methods like repeated herbicide
application to cut the surface of stumps or basal barks, herbicide
smearing on the girdled area of the trunk, and injecting herbicide
into the trunk every season (Peng et al., 2019). However, the
selection of chemicals should be done carefully as the plant
is resistant to most commonly used herbicides (Idol, 2019).
Studies have reported its sensitivity toward glyphosate (Peng
et al,, 2019), triclopyr, picloram (Idol, 2019), and metsulfuron-
methyl (Olckers, 2011). However, the efficacy of herbicides
reduces during the rainy season (Peng et al, 2019) and the
chemical treatments are often a subject of conflict, due to their
environmental implications.

Under the biological control methods, interactions of leucaena
with its natural enemies, Heteropsylla cubana Crawford (leaf-
sucking psyllid) and Acanthoscelides macrophthalmus Schaeffer
(seed-boring bruchid beetle) have been studied extensively in
Australia (Raghu et al., 2005) and South Africa (Olckers, 2011).
However, studies have revealed that H. cubana is inefficient in
managing infestations of the plant (Olckers, 2011). Further, A.
macrophthalmus alone was also not found to be sufficient on
its own in regulating the populations of leucaena as it causes
only modest levels of seed damage (Olckers, 2011; Sharratt
and Olckers, 2012). In addition, these biocontrol agents coexist
naturally with leucaena in several invaded regions and are
unable to manage its spread and impact (Idol, 2019). This
indicates that it is not sufficient to rely on these pests to manage
leucaena. Additional pests and pathogens, mainly the insects that
exploit green pods, are required to manage infestations of the
plant (Sharratt and Olckers, 2019). Certain native plant species
may also inflict a phytotoxic effect on leucaena. For instance,
seed leachates of a tropical native legume, Sesbania virgata
(Cav.) Pers. from Brazil, Argentina, Uruguay, and Paraguay have
been reported to suppress germination and seedling growth in
leucaena (Mignoni et al., 2018). Interestingly, the allelopathic
effect of leucaena on S. virgata was almost negligible (Mignoni
et al, 2018). Similarly, a recent study using a trait-based

framework and software selected Bougainvillea spectabilis Willd.,
a native plant species of China, for the biocontrol of leucaena
(Zhang et al., 2021). The efficacy of the selection process was
tested by planting its seedlings in the vicinity of leucaena for
3 years, which significantly restricted the spread of leucaena
(Zhang et al,, 2021). To replace the species, it is important to
identify such native species with a similar growth pattern and
drought stress tolerance traits as that of leucaena (Luo et al.,
2020).

An integrated approach constituting multiple conventional
techniques may prove effective in controlling the spread of
leucaena. An appropriate combination of control methods,
correct timing of application, and selection of a suitable target
area are important. Hwang et al. (2010) suggested that the
summer season is ideal to control the species as seedling
recruitments occur during this period. Since the likelihood of
invasion is higher in low-elevation areas with proximity to roads,
water, and forest edges, these habitats should be monitored
and targeted on a priority basis (Chiou et al., 2013). Recently,
Osawa et al. (2019) stated that adequate propagules supply and
habitat suitability are the most critical aspects for successful
invasion in an area. Therefore, a framework was proposed for
devising management strategies based on propagules supply
and suitable habitat for leucaena, where the target areas for
management are classified under four classes. Class I represented
the adequate propagule supply and adequate habitat suitability;
Class II represented the adequate propagule supply and limited
habitat suitability; Class III represented the limited propagule
supply and adequate habitat suitability; and Class IV represented
the limited propagule supply and limited habitat suitability. The
authors suggested that classifying the target areas would facilitate
prioritization and implementation of management practices
(Osawa et al,, 2019). Predictions about species distribution using
climate suitability models can also help conservation managers
to develop proactive management plans (Chiou et al., 2016).
Efforts toward educating the people who are directly or indirectly
involved in the cultivation or management of leucaena will
provide a strong uplift to the management and restoration
practices (Chiou et al., 2013).

At the same time, it is obligatory to refute the rampant use
of ssp. leucocephala without considering its invasive propensities
so that problems that would arise from subsequent invasions
can be avoided. Alternatives should be explored to replace the
species to continue the flow of ecosystem services provided by
the tree while minimizing the environmental risks. The other
subspecies of leucaena, i.e., ssp. glabrata is also an important
nitrogen-fixing tree legume used for agroforestry and animal
husbandry (Bageel et al., 2020). Although ssp. glabrata is a large
tree that can grow up to 20 m in height, but it can be maintained
as a dwarf bush via repetitive harvesting for fodder purposes
(Honda et al.,, 2018). Ecological adaptability of ssp. glabrata is
also comparable with ssp. leucocephala (Honda et al., 2018).
Therefore, replacing ssp. leucocephala with ssp. glabrata may
provide better options for animal feed production, agroforestry,
and the development of other industrial products without being
a threat to the native plant diversity. Though ssp. glabrata has
not been reported invasive up till now, a few studies suggest that
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it has the potential to become invasive in the future (Olckers,
2011; Campbell et al., 2019). It is important to ensure that ssp.
glabrata will not emerge as a troublesome invader before using it
as an alternative for ssp. leucocephala. To be safer, other native
or non-invasive naturalized species that could provide similar
benefits should be selected and promoted over leucaena. The
selection of such species should be driven by geographical status
and ethnobotanical importance of a species, local datasets and
informants, and long-term observations. Moreover, with the help
of extensive genetic analyses and novel molecular techniques,
the next generation of multipurpose leucaena cultivars, especially
the sterile ones, is currently underway, which may amplify
its commercial usage and nullify the environmental impacts
(Dalzell, 2019).

CONCLUSIONS AND WAY FORWARD

Leucaena is a commercially important agroforestry species,
which has been introduced worldwide for its provisional services,
restoration of degraded and contaminated lands, and prevention
of water loss and soil erosion (Luo et al., 2020). However, soon
after its introduction, ssp. leucocephala turned invasive in many
regions and threatened the persistence of resident flora and
fauna. Although there are many reports validating the invasion
potential of the plant and the threats it has been posing to
the biodiversity, its propagation for agroforestry, forage and
restoration purposes are still being advocated without proper
caution (Wolfe and Van Bloem, 2012; Edwin-Wosu and Nkang,
2016).

The lack of awareness and/or ignorance toward the long-
lasting ecological problems that might follow the unprecedented
propagation of ssp. leucocephala is a much larger issue that needs
to be resolved on a priority basis. The enormity of economic costs
and human resources associated with the eradication programs
for invasive species are usually higher than the socio-economic
benefits associated with them. Accompanied with these are
the ecological impacts, some of which might be irreversible.
Therefore, further propagation of ssp. leucocephala outside its
indigenous geographic range should be reconsidered. Depending
upon posed risk of travel, both legislative and non-legislative
measures can be adopted to keep its population in check
(Campbell et al., 2019). In the regions where it is impossible
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