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Research paper

Methods for Preventing the Invasion
of Leucaena leucocephala in Coastal Forests

of the Hengchun Peninsula, Taiwan

Shih-Hsien Peng,”  Hsiang-Hua Wang,”  Yau-Lun Kuo™

[ Summary ]

Leucaena leucocephala, which originates from Central America, has severely invaded the west-
ern Hengchun Peninsula and the Penghu Archipelago in Taiwan. This study conducted several physi-
cal and chemical control experiments aimed at preventing invasion by this species. Regarding physi-
cal control, although adult L. leucocephala trees were cut down and new sprouts were cut out once
a month for 12 times, sprouting could still not be inhibited. After felling adult trees, the stumps were
covered with a thick black plastic sheet. No sprouting occurred in the covered area, yet new sprouts
emerged from an uncovered area nearby. Shading treatment using shading nets to reduce the relative
light intensity to 5% significantly reduced 63% of the amount and 30% of the length of the sprouts,
and rendered L. leucocephala seedlings unable to survive. Girdling treatment caused the upper trunk
and branches above the girdled area to wither; however, sprouts still grew from the lower edge of the
girdled area. Regarding chemical control, smearing herbicide (glyphosate) either on the cut surface
of the stumps or on the girdled area of trunks did not inhibit sprouting. However, injection of 3 ml of
glyphosate into the trunk of L. leucocephala during the dry season considerably inhibited the crown
sprouting ratio (to < 10%), but during the rainy season, the injection was less effective (with a sprout-
ing ratio of > 22%). Thus, this study suggests that injection of glyphosate into the trunk is the most
effective method to eliminate L. leucocephala. However, if herbicide usage is not an option, further
investigation could focus on the effectiveness of felling adult trees, shading the stumps, and inten-
sively cutting out new sprouts to inhibit the sprouting of L. leucocephala.
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INTRODUCTION

Leucaena leucocephala (Lam.) de Wit
is a small tree or large shrub of the fam-
ily Mimosaceae. It originates from Central
America and was probably introduced to
Taiwan in the 16th century by the Dutch and
Spanish (Chen and Hu 1976). Before Taiwan
underwent economic development, rural
residents fed the leaves of L. leucocephala to
livestock and used its branches as kindling.
Therefore, L. leucocephala was commonly
used, and its population was limited without
overexpansion. In the Hengchun Peninsula
of southern Taiwan, large areas of native tree
species were cut down in the 1950s and re-
planted with Agave sisalana, which was used
as raw materials of hemp rope and thus had
a high economic value at that time. In 1967,

areas planted in A. sisalana on the Hengchun
Peninsula reached 10,280 ha. However, the
advent of nylon ropes reduced the price of
A. sisalana, and numerous plantations were
abandoned, so that by 1986 only 2556 ha of 4.
sisalana remained (Billings 1988). Thereafter,
L. leucocephala populations rapidly increased
on these abandoned farmlands and become
large-scale pure stands.

Leucaena leucocephala has heavily
invaded the Hengchun Peninsula, and has
a wide distribution range (Chung and Lu
2006, Lu and Chung 2007, Wu et al. 2013,
Lu 2016). Possible reasons for the success
of L. leucocephala on the Hengchun Penin-
sula include the following: (1) it has a high
photosynthesis rate and rapid growth (Yang
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2011); (2) it forms nodules with nitrogen-
fixation capacity and grows in barren habitats
(Piggin et al. 1995); (3) the tree can endure
dry periods through defoliation (Brandon and
Shelton 1993, Jones and Middleton 1995); (4)
it has a short juvenile phase; the plant flowers
at 4~6 mo old, and can flower and bear fruit
throughout the year (Walton 2003); (5) it has
an abundant seed production ability; a 2-yr-
old tree can produce 4000~6000 seeds at a
time (Hutton and Gray 1959, Lee 2003, Wal-
ton 2003, Hwang et al. 2010); (6) the plant
has strong sprouting ability, and can produce
enormous numbers of sprouts after felling,
forming a dense crown within a few months
(Walton 2003); (7) its leaves and seeds con-
tain minosine and have the potential for plant
allelopathy (Chou and Kuo 1986); (8) the
plant has few natural enemies in Taiwan that
can inhibit its expansion; and (9) because of
changes in land-use patterns, large areas of
abandoned fields have facilitated the rapid
increase in its population. These factors have
enabled L. leucocephala to become dominant
in invaded stands, thus drastically changing
the original vegetation composition (Horsley
1977, Lu 2016). Droste et al. (2010) proposed
that the reason alien invasive plants succeed
is primarily because they genetically possess
high morphological and physiological plastic-
ity and can efficiently obtain resources from
the environment.

Leucaena leucocephala can easily invade
abandoned agricultural and pasture lands.
Once it has done so, the original vegetation can
be restored only with great difficulty (Walton
2003, Reid et al. 2009). Therefore, restora-
tion of forestlands invaded by L. leucocephala
requires sufficient ecological knowledge and
experience (Wang et al. 2009, 2013). This
study focused on 4 physical and 3 chemical
control methods to identify effective means of
preventing the growth of L. leucocephala and
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suppressing its vigorous sprouting after being
felled. The physical control methods used in
this study were (1) the continuous cutting of
newly growing sprouts, (2) plastic sheet cover-
age, (3) shading, and (4) trunk girdling, and the
chemical control methods were (1) application
of herbicides to the cut surface of stumps, (2)
smearing of an herbicide on the girdled area of
the trunk, and (3) injection of an herbicide into
the trunk in different seasons. Any method that
can effectively inhibit the growth and sprout-
ing of L. leucocephala will substantially aid
the ecological restoration of stands invaded by
this tree species.

MATERIALS AND METHODS

Study area

The study was conducted in Shanhai Vil-
lage, Hengchun Township, on the west coast
of the Hengchun Peninsula. The experimental
site has a tropical climate. According to data
from the Hengchun Station of the Central
Weather Bureau, the annual mean tem-
perature in this area from 1981 to 2010 was
25.1°C, and the annual rainfall was 2020 mm.
Rainfall from November to mid-May repre-
sents < 10% of the annual rainfall, and the
dry season lasts for 6 mo. The northeast mon-
soon prevails from October to March each
year. When the monsoon passes through the
Central Mountain Range to the west coast of
the Hengchun Peninsula, a downdraft forms
(foehn winds), which causes the atmosphere
and soil to dry out.

Treatments for inhibiting sprouts after
felling L. leucocephala
Herbicide application and physically
covering stumps

On 17 May 2008, a secondary forest of
L. leucocephala in the Shizhu area of Shanhai
Village was felled with a chainsaw. On the day
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following the felling operation, the stumps
were treated with 2 methods: (1) herbicide
application using glyphosate (41%, undiluted
stock solution) and (2) covering the stumps
with a thick black plastic sheet. For the first
method, we used a brush to smear 0.8~1.0
ml of glyphosate over the cut stump surface.
Untreated stumps were used as a control. The
2 treatments and the control consisted 30 in-
dividual stumps each. The number of sprouts
and the lengths of the 3 longest sprouts of each
stump were measured at 1 and 2 mo after treat-
ment. In addition, the proportion of sprouting
plants of all stumps was calculated.

Continuous cutting of newly growing
sprouts

After deforestation of another adjacent
stand of L. leucocephala at the Shizhu experi-
mental site in August 2008, 30 stumps were
labeled. One month later (in September),
the number of sprouts and the lengths of the
3 longest sprouts were measured. The new
sprouts were then cut off at the base and mea-
sured again after 1 mo. This procedure was
repeated each month until September 2009,
with the exception of January 2009; therefore,
data for February 2009 represents 2 mo of
growth. During the experiment, new sprouts
were cut a total of 11 times, and the number
and length of new sprouts were measured 12
times. We selected 36 newly growing sprouts
of various lengths and measured the leaf area
of the sprout, thereby establishing a regres-
sion equation of length vs. leaf area. Counting
the number of sprouts that emerged within
1 mo from each stump and their lengths, we
could estimate the total leaf area produced in
1 mo by each stump.

Stump shading treatment
After the secondary forest of L. leuco-
cephala at the Shizhu experiment site was

felled in August 2008, most of the stumps
sprouted. In May 2010, a shading net was
placed over the stumps of felled L. leuco-
cephala at 2 plots. The shading net was set
at 1.5 m in height, it was 10 m long and 2 m
wide, and covered a total area of 20 m’. Sup-
port stands were built to cover the area using
1 or 2 layers of shading nets. The light trans-
mittance of the shading net was 20%. The
control plot was adjacent to the shaded plots
and was marked off with a nylon rope, also
comprising an area of 20 m’. This unshaded
plot was not covered and served as a full-light
control. After the shading nets were set up,
the light intensity in the 3 plots was measured
using a quantum sensor (LI-190, LI-COR,
Lincoln, NE, USA) and data logger (LI-1400,
LI-COR). Four quantum sensors were placed
in each of the 2 shaded plots and the full-
light control plot at a height of 30 cm above
the ground, with an interval of 2 m between
sensors. The data loggers recorded the light
intensity at 1-min intervals over 7 consecutive
days. Data from 10:00 to 14:00 on 2 sunny
days were selected to calculate the relative
light intensity of the shaded plots during the
same period. According to the results, the
relative light intensities under the 1-layer and
2-layer shaded plots were 32 and 5%, respec-
tively, of the control plot. At the beginning
of the experiment, 22 stumps were marked in
each of the 3 sampling plots, and sprouts that
had grown from these stumps were removed.
After shading treatment, the number of and
length of new sprouts were measured every
2 wk, and the number of seedlings growing
from L. leucocephala seeds in each sampling
plot was calculated.

Girdling of adult L. leucocephala

In May 2009, 2 types of girdling treat-
ments were conducted on a secondary forest
stand near Shanhai Village. Twenty individu-
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als of L. leucocephala with a mean diameter
at breast height (DBH) of 5.4 cm were ran-
domly selected for treatment. The 2 treat-
ments were (1) trunk girdling with a width of
20 cm at 130 cm above the ground, with no
herbicide application, and (2) immediately
after the same treatment, the girdled area
was smeared with 1.0~1.4 ml of glyphosate.
The proportion of withered upper stems of
all treated individuals, the number of sprouts
per tree, and the mean length of the 3 longest
sprouts were calculated monthly for 3 mo af-
ter girdling treatment.

Chemical injection treatment

The chemical injection experiment was
conducted at Binlangkeng in Shanhai Village
every 2 mo from October 2009 to October
2010, for a total of 7 times. Each time, 20 L.
leucocephala adult trees with a DBH of 5~8
cm were randomly selected. An electric drill
was used to drill a hole approximately 3 cm
deep in the trunk at a height of 120 cm, and 3
ml of glyphosate was injected into each hole
with a plastic syringe. One hole was drilled
in each tree. After injection, the surface of the
hole was filled with silicone. The ratio of new
sprouts to the whole crown after treatment
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was recorded biweekly using the following
procedure. We photographed the tree crown of
each individual before treatment. All leaves of
this individual consequently fell out after treat-
ment. Then, the tree crown was photographed
every 2 wk thereafter. The proportion of new
sprouts of the original tree crown, i.e., the
sprouting ratio, at each stage was estimated.

RESULTS

Treatments for inhibiting sprouts after
felling L. leucocephala

One month after felling L. leucocephala,
98% of the control stumps had produced
an average of 25 sprouts, and the average
length of the 3 longest sprouts was 49 cm.
After 2 mo, the average sprout length of con-
trol stumps had increased to 121 cm (Table
1). Of the sprout-inhibition treatments, the
herbicide application method exhibited an
optimal inhibitory effect. Only 8% of stumps
developed sprouts in the first month after this
treatment, and new leaves on the sprouts had
an abnormal appearance. At 2 mo after treat-
ment, the proportion of sprouting stumps had
increased to 31%, with an average number of

Table 1. Inhibition of sprout production by herbicide application and plastic sheet coverage

of stumps of Leucaena leucocephala (n = 30)

1 mo after treatment

2 mo after treatment

Treatment Proportion Number Average length Proportion Number Average length

of sprouting  of sprouts  of the 3 longest of sprouting of sprouts of the 3 longest
stumps per stump sprouts (cm) stumps per stump sprouts (cm)

Control 98% 252 49+£7° 98% 19+£3° 121+19°

Herbicide 8% 1£0° 743 31% 14+1 64+6°

application

on stump

Plastic 75% 5+1° 0.94+0.3° 73% 9+2° 105+4°

sheet

coverage

" Different letters indicate a significant difference among treatments (p < 0.05, by Duncan’s test).
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14 sprouts per stump and an average length
of 64 cm (Table 1). This indicated that apply-
ing herbicide to stumps only once could not
completely kill L. leucocephala; 31% of the
stumps were able to gradually resume growth.
After treatment by covering the stumps with
a thick plastic sheet, 75% of the stumps had
grown sprouts after 1 mo, although the length
of these sprouts was < 1 cm (Table 1). At 2
mo after treatment, 73% of the stumps could
still grow sprouts, and the average number of
sprouts was 9. However, the average length
of the sprouts exceeded 100 cm (Table 1).
Regarding the method of cutting newly
growing sprouts each month, each stump re-

spectively grew 20 and 19 sprouts in the first
and second months (Fig. 1). Subsequently,
after continued monthly cutting, each stump
grew 13~19 sprouts. At the 11th cutting (in
September 2009), the average monthly num-
ber of sprouts still reached 10 (Fig. 1A). In
the first month after the felling of L. leuco-
cephala (in September 2008), the average
length of the 3 longest sprouts was only 29
cm (Fig. 1B), and the mean total leaf area per
stump was 370 cm’ (Fig. 1C). These sprouts
were cut again, and after 1 mo (in October
2008), the average length of the 3 longest
new sprouts was 75 cm, and the leaf area had
increased to 1100 cm?® After October 2008,

25 m
20 | —T— _I—_

15

Number of sprouts

80 - (B)

Length of sprouts (cm)
&

20 +
0
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1000
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Fig. 1. Number of sprouts (A), average length of the 3 longest sprouts (B), and the total leaf
area (C) of Leucaena leucocephala stumps treated by cutting sprouts every month (n = 30).



Taiwan J For Sci 34(2): 99-112, 2019

the length of newly growing sprouts ranged
mainly from 30 to 70 cm with a total leaf area
of 300~600 cm’; however, after 11 consecu-
tive cuttings, newly growing sprouts could
still grow to 77 cm in 1 mo (Fig. 1B, C).
After 6~16 wk of shading treatment, no
significant difference in the average number
of sprouts was found for the 5 and 32% rela-
tive light intensity plots. However, the num-
ber of sprouts on the 5% shaded stumps was
significantly reduced to 37% compared to the
unshaded control (Fig. 2A). During the first
2~6 wk of shading treatment, the lengths of
sprouts in the 2 shading treatments did not
significantly differ from that of the control.
However, in the 16" wk of shading treatment,
average sprout lengths under the 5 and 32%
shaded plots were 89 and 112 cm, respective-
ly, which were significantly lower than that of
the control plot (127 cm) (Fig. 2B). These re-
sults indicated that reducing the light intensity
to 5% could inhibit 63% of the amount and
30% of the length of the sprouts. Under the 5%
relative light intensity, the density of naturally
regenerating L. leucocephala seedlings was
very low and had become 0 by the 16" wk
(Fig. 2C). Under the 32% relative light inten-
sity, the density of naturally regenerated L.
leucocephala seedlings also continued to de-
crease from the 6th to the 16" week (Fig. 2C).
In contrast, the density of L. leucocephala
seedlings in the control plot increased from 7
to 41 stems m” from the 2" to the 6" weeks
after treatment, and then decreased. In the
16" wk of treatment, the seedling density was
still 6 seedlings m”, which was higher than
those of the 2 shading treatment plots (Fig.
2C). These results indicated that a shaded en-
vironment could inhibit seed germination and
survival of L. leucocephala seedlings.

Girdling treatment
The trunk of L. leucocephala plants
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was girdled to a width of 20 cm. After 1 mo,
the crown layer of only 1 girdled L. leuco-
cephala was found to have completely with-
ered, whereas 19 of them were unharmed.
However, upper growth of 16 and 17 girdled
L. leucocephala was completely dead at 2
and 3 mo after treatment, respectively, and
mortality rates were 80 and 85% (Fig. 3A).
Although girdling treatment was able to kill
most of the upper growth, numerous sprouts
emerged from the lower edge of the girdling
area a short time after treatment. At 1 mo
after treatment, the average number of such
sprouts was 11, and their average length was
22 cm, with the longest one at 45 cm (Fig.
3B). At 3 mo after treatment, the average
length of these sprouts was more than 100 cm
(Fig. 3C). These results indicated that when
the trunks of L. leucocephala were girdled at
a height of 130 cm above the ground, most
of the upper growth (above the girdled area)
died, but many new branches still sprouted
below the girdled area, and the treatment did
not entirely kill the trees.

The second treatment method applied
undiluted glyphosate to the girdled area after
girdling the trunks. In the first month after
treatment, the upper branches of 19 trees were
found to have become completely defoliated,
whereas 1 tree remained intact, with no de-
foliation (Fig. 3A). In the third month after
treatment, the upper trunks of 20 trees (100%)
had completely died. However, 3 mo after the
stumps were treated with girdling and herbi-
cide, the average number of sprouts below the
girdled area was 13, with an average length
exceeding 100 cm (Fig. 3B,C). Therefore,
although this treatment was able to kill the
upper trunk, it did not inhibit sprouting below
the girdled area.

Chemical injection
Leucaena leucocephala was chemically
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shading conditions. Different letters indicate a significant difference among the shading

treatments (p < 0.05, by Duncan’s test).

injected in different months of the year, and
each tree was found to have become defoli-
ated within 2 wk of treatment, with an ex-
tremely small number of new sprouts (Table
2). Of the 7 treatments during the year, plants
treated in the rainy season (June and August)
sprouted earlier, whereas those treated in
other months required an additional 8 wk to

sprout (Table 2). The sprouting ratio in the 8"
wk after treatment was lowest for the October
and December applications, with sprouting
ratios of as low as 3.0~9.7%. However, if
the injection was applied in June or August,
then the sprouting rate reached 24.6~22.8%,
indicating a weaker inhibitory effect (Table 2).
These results demonstrated that employing
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chemical injections in the early dry season
could substantially reduce the sprouting of L.

leucocephala.

DISCUSSION

Leucaena leucocephala exhibits a high
capacity for vegetative reproduction. After
felling, numerous sprouts will reemerge from
the stumps, causing a predicament for control
efforts. On the west coast of the Hengchun

Peninsula, these sprouts can form dense pure
stands, flowering, fruiting, and dispersing
seeds in a year (pers. observ.). Therefore,
preventing stumps from sprouting is the pri-
mary task for controlling L. leucocephala.
This study found that L. leucocephala stamps
could still grow more than 10 new sprouts af-
ter the previous ones were cut off. Even with
continuous cutting operations, the number
and length of the sprouts did not decrease,
indicating that the vitality of L. leucocephala
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Table 2. Sprouting rates (%) at various times after injection of 3 ml of glyphosate into the

trunk of Leucaena leucocephala (n = 20)

Date 2 wk
L 4 wk 8 wk 16 wk 24 wk
of injection after treatment
2009
October 0.0" 0.0° 3.0+1.7 0.8+0.3 6.4+13°
December 0.0° 0.0° 9.74+2.6° 14.8+1.9° 26.5+4.2°
2010
February 0.0° 0.0° 143+1.1° 203+22° 46.4+58°
April 0.0° 0.0° 15.0+2.3° 284+3.7 482+6.1°
June 0.3+0.1° 16.8+2.4° 24.6+3.6" 30.5+4.1° -2
August 1.0+0.2° 154+1.8° 22.8+4.1° - -
October 0.0° 0.0° - - -

" Different letters in the same week among treatment dates indicate a significant difference (p < 0.05, by Dun-

can’s test).

*The experiment ended, and no data were collected thereafter.

was not diminished by merely cutting off
sprouts once a month. The reason for con-
tinuous sprouting might be due to sufficient
energy being stored in its subsurface root
system (Aubrey and Teskey 2018). Another
reason might be that the photosynthetic ca-
pacity of its new leaves is very high after
sprouting (Yang 2011). Net photosynthetic
rates of L. leucocephala sprouts during the
dry season (March) and rainy season (Sep-
tember) were 23.4 and 28.7 pmol CO, m™ s,
respectively (unpubl. data). This high level
of photosynthesis, plus 300~600 cm’ of leaf
area produced each month, indicated that the
new leaves of sprouts could generate large
amounts of carbohydrates within a short time
and store these products in the plant. Thus,
if the sprouts were cut off, the plant still had
enough energy to grow new sprouts. We
hence suggest that the sprouts should be cut
off immediately after emerging, so that their
new leaves have no time to synthesize carbo-
hydrates. The energy stored in the root system
can thus be exhausted, and the trees will die.
A shaded environment can inhibit the
germination of seeds and growth of L. leu-
cocephala seedlings (Wang et al. 2009). Pig-

gin (1995) found that the minimum relative
light intensity required by L. leucocephala
seedlings was approximately 35%. In this
study, shading nets were used to cover L.
leucocephala stumps, which simulated the
light environment after crown closure. In a
low-light environment of 32 or 5% relative
light intensity, seedling density as well as
both the number and length of stump sprouts
were all lower than those in a full-light envi-
ronment. The light compensation point of L.
leucocephala leaves was measured at 22~28
pmol photon m™ s (unpubl. data). This result
indicated that in an environment with a light
intensity of < 20 umol photon m” s™', the net
photosynthetic rate of L. leucocephala sprouts
would be substantially inhibited. Ten weeks
after establishing a shaded environment at the
experimental site, the seedling density of L.
leucocephala continued to decrease, whereas
the seedling density in the full-light plot had
considerably increased. This indicated that the
L. leucocephala seed bank in the soil could
not germinate in a low-light environment, nor
could its seedlings grow and survive in such
an environment.

Girdling is another method used to in-
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hibit the growth of invasive tree species. In
Hawaii Volcanoes National Park (USA), Loh
and Daehler (2008) used trunk girdling to
control the invasive tree species Morella faya,
and found that girdling caused this tree to die.
Removing the crown of an invasive tree spe-
cies can create large gaps in a short time, thus
possibly causing an adverse effect of reinva-
sion by light-demanding tree species. With
girdling treatment, invasive trees do not need
to be removed; and light resources in the for-
est gradually increased to enable the reestab-
lishment of local native plants. In this study,
the trunk of L. leucocephala was girdled to a
width of 20 cm at a height of 1.3 m above the
ground. At 2 to3 mo after treatment, the upper
trunk of most of the plants had died, yet after
1 mo, numerous sprouts had already grown
from the lower edge of the girdled area. If
girdling treatment was deployed at the base
of the trunk, the shading created by the upper
crown of L. leucocephala might be reduced,
and thus be beneficial to the growth of desired
native tree species. However, girdling L. leu-
cocephala was not an easy task and was time-
consuming; for example, girdling an individu-
al with a DBH of 5~6 cm took approximately
5~10 min. Therefore, girdling treatment is not
practical for killing a large stand of L. leu-
cocephala. In this study, we further applied
an herbicide (glyphosate) to the girdled area.
Although this treatment caused defoliation
on all of the treated trees, sprouts still grew
at the lower edge of the girdled area. In sum,
girdling with or without applying glyphosate
could not kill the entire L. leucocephala tree.
Other research removed the roots after
felling or girdling L. leucocephala to prevent
sprouting. Walton (2003) suggested using a
blade plough to remove the root system of
L. leucocephala and prevent its roots from
sprouting again. In South Africa, L. leuco-
cephala was completely removed using this
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method (Walton 2003). However, this type of
machinery is only suitable for use on agricul-
tural or pasture land. Heavy machinery might
not even be able to enter forested areas. Its
operation would seriously compress the forest
soil, destroy the soil structure, increase soil
erosion, and could also cause secondary plant
invasion (Pearson et al. 2016). Gonzalez et
al. (2017) and Sher et al. (2018) reported that
removing invasive plants by means of heavy
machinery severely disturbed forestlands and
delayed the recovery rate of native plants.
Chemical methods are economical and
effective in controlling invasive plants. Com-
monly used chemicals, such as glyphosate,
Access®, and Lontrel®, have less impact on
the environment and can effectively kill target
plants (Walton 2003, Wang and Hung 2005,
Chen et al. 2008). On the Hengchun Penin-
sula, Wang and Hung (2005) injected glypho-
sate into severely invasive L. leucocephala
stands, using various doses (7.5~10.5 ml)
according to the DBH, and achieved a fatality
rate of up to 100%. In this study, each L. leu-
cocephala stem was injected with only 3 ml
of glyphosate. Although the upper growth de-
foliated and withered following the injection,
some of the trees did not die, and sprouts con-
tinued to grow from their trunks. The effect
of injecting herbicides during the dry season
was found to be more favorable than during
the rainy season. Injecting the herbicide in the
beginning of the dry season resulted in the
smallest sprouting ratio and a greater number
of deformed leaves. Future control measures
should consider local rainfall conditions and
undertake treatment during relatively dry
periods to increase the success of control
measures. Glyphosate, the herbicide used in
this study, is frequently used in the United
States and Australia to prevent invasive
woody plants because it is effective and has a
short soil residence time (Walton 2003, Wang
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and Hung 2005). In the Hengchun coastal
forest, Chen et al. (2008) found that the soil
residence time of this chemical decreased to
ppm levels within 1 yr of its injection, and
that injection during summer could reduce the
degradation time of glyphosate and possible
soil contamination. In addition to injections,
smearing the herbicide on the cut surface can
also effectively inhibit the sprouting of inva-
sive woody plants. For instance, to control 2
invasive Tamarix tree species, the trees were
cut down, systemic herbicides were applied to
the cut surface of the stumps, and the sprouts
were effectively inhibited (Sher et al. 2018).
In this study, glyphosate was applied to the
cut surface of L. leucocephala stumps in May
(the rainy season), but this did not kill the
tree. It might be because rain had diluted or
washed away the glyphosate. If applied a sec-
ond time or during the dry season, the inhibi-
tory effects of the herbicide might have been
more significant.

Although shading cannot completely
block the emergence of L. leucocephala
sprouts, it can reduce light resources to the
new sprouts and hence reduce their growth
rate. In this study, the experiment of con-
tinuous cutting of L. leucocephala sprouts
every month was conducted under a full-light
environment with no shading. If the cutting
had been carried out under a shaded environ-
ment, the vitality of the sprouts should be
greatly diminished. The shading treatment of
this research used shading nets to lower the
light resources. This kind of shading opera-
tion is only applicable within small areas of a
forestland, while not suitable for large-scale
forestlands. However, if a naturally shaded
environment which is created by surround-
ing vegetation could be in synergy with the
artificial cutting of new sprouts, the growth of
L. leucocephala new sprouts would be greatly
inhibited. This type of natural shading could

be accomplished by ecological restoration.
An experiment was conducted to control L.
leucocephala through ecological restoration
in a coastal forest of the Hengchun Peninsula
(Chen et al. 2011, Wang et al. 2013). In that
experiment, a hand-held chainsaw was used
to cut down adult trees of this species through
a strip-logging approach. After the felling op-
eration, the forestland was immediately plant-
ed with 17 native tree species including 11
fast-growing species. After 2 yr of ecological
restoration, the dominance of L. leucocephala
had been inhibited, and the diversity of the
native tree species in this forest had contin-
ued to increase (Chen et al. 2011). In the cur-
rent study, chemical injection was found to
be the most effective method to eliminate L.
leucocephala and prevent it from sprouting.
However, if herbicide application cannot be
considered for the sake of environmental pro-
tection, then the ecological restoration of fast-
growing native trees, plus continuous cutting
of new sprouts, might also achieve the goal of
preventing the regrowth of this species.

CONCLUSIONS

This study surveyed 4 methods to inhibit
sprouting from stumps of felled L. leucoceph-
ala trees, and 3 methods to cause adult trees
to lose vitality. Covering the stumps or smear-
ing herbicide on the surface of the stumps did
not provide the expected inhibitory results.
Cutting new sprouts from the stumps once a
month under a full-light environment was also
ineffective. Although a shaded environment
could not restrain sprouting, the number and
length of sprouts were significantly reduced.
In addition, shading can effectively diminish
the number of seedlings germinating from L.
leucocephala seeds and their survival. For
the purpose of eliminating L. leucocephala
adult trees, girdling with or without herbicide
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smeared on the girdled area can only kill the
upper stem but not the lower portion. Injec-
tion of an herbicide into the trunk was found
to be the most effective method to kill adult
trees. During the dry season, only 3 ml of her-
bicide was needed to kill a tree.
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