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Abstract   The unique vegetation of the Galapagos
Islands is under severe threat from aggressive intro-
duced plant species. Of the total number (1030) of plant
taxa recorded on the Galapagos, about 470 have been
introduced since the arrival of humans, 380 are native
and 180 are endemic. Approximately 45% of these
introduced plants are naturalised with some 32 spe-
cies being considered very aggressive having invaded
large areas. These invasive species have negative im-
pacts on the native vegetation such as altering com-
munity composition and threatening populations of rare
species. The majority of introduced plants are found
in the humid highlands where agricultural activity is
the greatest and conditions are more suitable than in
the semi-arid lowlands for plant invasion. The most
serious of these plants are trees or shrubs which read-
ily invade the low herbaceous native vegetation of the
highlands.

Currently, control methods are limited to manual re-
moval and herbicide application. Manual removal is
labour intensive and requires continual effort as many
of the plants can resprout from root or stump fragments.
Few quantitative studies have been done to determine
the most effective and economical type of herbicide,
concentration and application method. Hence, the aim
of this study is to assess the efficacy of three types of
herbicide (glyphosate, picloram and triclopyr) at dif-
ferent concentrations and to determine which applica-
tion method (hack and squirt, basal bark and foliar
application) is most effective and least damaging to
the surrounding vegetation. These trials were done on
the trees Cestrum auriculatum, Cinchona pubescens,
Cordia alliodora, Psidium guajava and Syzygium
jambos and the shrubs Kalanchoe pinnata, Lantana
camara and Rubus niveus.

INTRODUCTION

The main threat to the terrestrial ecosystems of the
Galapagos are introduced species (Loope et al. 1988).
These include vertebrates such as goats and cats, in-
vertebrates like fire ants and cottony cushion scale and
a wide variety of plants. Many of these plants (75%)
were introduced deliberately for fruit, timber produc-
tion, medicinal uses and as ornamental garden plants

subsequently becoming naturalised (Mauchamp 1997).
Most of these naturalised species are found in the
moister highlands of the four inhabited islands which
have significant agricultural zones. Only a small per-
centage (15%) of these naturalised species are consid-
ered aggressive and are known to cause significant
ecological change (Tye 1999). These invasive species
have negative impacts such as threatening populations
of rare species and even whole plant communities. An
example of this is the invasion of the miconia zone
(dominated by the endemic shrub Miconia
robinsoniana Cogn.) by the thicket forming tree Cin-
chona pubescens Vahl. Native fauna may also be af-
fected by altering habitat or availability native food
plants. Some endemic insects only feed on a single
plant species, therefore a reduction in this plant’s popu-
lation could result in their extinction.

Control of invasive species in the Galapagos is cur-
rently limited to manual removal and herbicide appli-
cation although the possibility of biological control is
being investigated. Chemical control can be less de-
structive than manual control, reducing soil disturbance
and the number of access times. Also, access to in-
fested areas may be limited so all materials must be
carried to the site and treatments performed by hand.
Selective techniques to minimise disturbance which
require minimal effort need to be developed. The over-
all goal of this study is to determine the most suitable
(effective, economical and causing minimal damage)
type of herbicide and application method for several
of the most invasive species on the Galapagos

Trials were carried out on the trees Cestrum
auriculatum L’Her. Solanaceae, Cinchona pubescens
(quinine) Rubiaceae, Cordia alliodora (R. & P.) Chum.
Boraginaceae, Psidium guajava L. (guava) Myrtaceae
and Syzygium jambos (L.) Alston (rose apple)
Myrtaceae and the shrubs Kalanchoe pinnata (Lam.)
Pers. (air plant) Crassulaceae, Lantana camara L.
(lantana) Verbenaceae and Rubus niveus Thunb. (black-
berry) Rosaceae.

The aim of this study is to assess the efficacy of three
types of herbicide; RoundupTM (4 1 % glyphosate salt),
Tordon 22KTM (24.4% picloram salt), Garlon 3ATM
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(44.4% triclopyr salt) and, Garlon 4TM (61.6% triclopyr
ester) at different concentrations and to determine
which application method (for the tree species hack
and squirt and basal bark and, for the shrub species,
foliar and basal bark) is the most effective and least
damaging to the surrounding vegetation.

MATERIALS AND METHODS

The trials were carried out in the highlands of three
inhabited islands in the province of Galapagos, Ecua-
dor. Trials on C. auriculatum, C. pubescens, C.
alliodora and P. guajava were in Santa Cruz Island.
The trials on R. niveus and S. jumbos were in San
Cristobal Island and those of K. pinnata and L. camara
were in Floreana Island. Typically, in these highland
areas, annual rainfall is between 1000 and 1800 mm
and mean temperature ranges from 21.5 to 17 ºC. It
must be noted that 1998/1999 was an above average
rainfall period.

The application methods were as follows:

1) Hack and squirt- a series of joining machete cuts
were made around the circumference of the tree about
50 cm from the ground. The cuts went through the bark
(cambium) but only a little way into the wood. Into
these cuts, the herbicide mix was applied with a squirt
bottle until runoff.

2) Basal bark- the herbicide mix was applied to a 20
cm strip of bark on one side and at the base of the L.
camara and R. niveus stems with a low pressure
backpack sprayer. In the case of C. pubescens and P.
guajava the Garlon 4 was applied to the tree in a 20
cm ring completely around the trunk 30 cm from the
base.

3) Foliar spray- the herbicide was applied to the upper
surfaces of the foliage of R. niveus and K. pinnata until
runoff using a low pressure backpack sprayer.

Treatments are listed in Table 1. All products were di-
luted with water except Garlon 4 which was diluted
with diesel. The doses listed in Table 1 are the average
quantity of undiluted product per unit of vegetation.
In the case of C. auriculatum, C. pubescens, C.
alliodora, P. guajava and S. jumbos the unit is per tree.
In all of the treatments, 4.5 replicate trees were treated
except in the case of S. jumbos which had 30. For L.
camara and R. niveus the unit is per discreet clump
(often multi-stemmed). Fifteen and 30 clumps were
selected respectively for the two species with each
clump having no more than 10 main stems. In the case

of K. pinnata, three 10 by 10 m plots in dense infesta-
tion were sprayed per treatment. The dose given in
Table 1 is per 100 m-2.

The effect of each treatment was monitored until con-
trol efficacy could be determined with confidence. At
each monitoring event foliage cover was measured by
comparing the proportion of remaining leaves to adja-
cent untreated plants, with 0% being without leaves
and 100% being unaffected. Cambium health above
the treatment area was assessed on a scale of zero to
four with zero being brown, dry and dead and four
being completely healthy. Cambium health below the
treatment area is also mentioned when different from
above. For example, a tree can have no leaves and the
cambium above the treatment is dead but still be liv-
ing below and eventually reshoot. The presence of
shoots above or below the treatment area was also re-
corded if they were present in more than 20% of sur-
viving individuals. In the case of K. pinnata, only fo-
liage cover of living plants in plots was estimated.
Regrowth from adult plants, leaf fragments and seed-
lings was included in the estimation. In all experiments
a control without chemical treatment was included.
Values presented in results are means of the replicates.

RESULTS

All results are presented in Table 1 and these are sum-
marised for each species in the following text.

Cestrum auriculatum   Of the two concentrations, the
100% Roundup was slightly more effective than the
50%. Cambium health was higher below the treatment
than above. Furthermore, many plants were not com-
pletely defoliated. All treatments, including the con-
trol hacks, induced shooting from below the treatment.

Cinchona pubescens   The two most successful treat-
ments were the higher concentrations of Garlon 3A
(100%) and Tordon 22K (50%). Both resulted in com-
plete defoliation and, in most cases, death of the
cambium above and below the treatment. Conversely,
trees treated with lesser concentrations of the above
chemicals and Roundup had a poor kill rates and often
produced shoots below the treatment area. The basal
bark applications of Garlon 4 look promising after 59
days with both concentrations resulting in rapid defo-
liation and decline in cambium health.

Cordia alliodora   The most effective concentration of
Roundup for C. alliodora was 100% with a cambium
health of 0.4 (mostly dead) above the treated area.
Foliage remaining was not an accurate measure of tree
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health as C. alliodora is deciduous. Although Roundup
was good for killing cambium above treatment, most
of the trees treated had a healthy cambium below the
treated area and were reshooting from the base. Hacks
alone did not promote reshooting.

Kalanchoe pinnata   The two concentrations of
Roundup (5 and 2.5%) worked equally well, killing
most of the existing plants in the first 45 days. How-
ever, there was some regeneration from seeds and leaf
fragments after 193 days.

Lantana camara   Garlon 4 at 30 % was slightly more
effective than 20% with the plants in both treatments
initially losing most of their leaves. Similarly, the
cambium above and below the treatment died rapidly
but thin strips survived allowing the plant to recover.
Reshooting was observed in both treatments.

Psidium guajuva   The most effective chemical con-
trol was triclopyr. Both Garlon 3A applied with hack
and squirt and Garlon 4 applied as a basal bark spray
defoliated the trees rapidly followed by a rapid death
of cambium above and below treatment. After 329 days,
70% of the trees treated with Garlon 3A were com-
pletely dead. In 120 days, all trees treated with Garlon
4 (both 20 and 30%) were completely defoliated and
the cambium was mostly dead. Although both the con-
centrations of Tordon offered good control, the
cambium below the treatment was often healthy. Both
concentrations of Roundup offered reasonable control
but encouraged reshooting below the treatment.

Rubus niveus   Both concentrations of each Roundup
and Garlon 4 resulted in complete death of the stems
and roots. Interestingly, the diesel control also had a
good kill rate. Unfortunately, there was some off tar-
get damage with the foliar application and subsequent
regrowth from seedlings in the disturbed area.

Syzygium jumbos   The most effective control meth-
ods were the two concentrations of Tordon. None of
the trees in the treatments produced shoots.

DISCUSSION

Three application methods were used- hack and squirt,
basal bark and, foliar spray. Hack and squirt is fast and
only requires a machete and squirt bottle to apply the
herbicide. The advantage of hack and squirt is that it
allows for the chemical (which is directly applied to
the target species) to be translocated throughout the
plant and the tree dies where it is standing resulting in
minimal disturbance. However, a limited dose can be
applied to the ring of hacks and further hacks may

induce reshooting. Basal bark application has the above
advantages but greater doses can be applied. However,
in the case of L. camara, basal bark was not entirely
effective because on the side of the stem that was not
treated, a thin strip of cambium sufficient to support
the plant was still alive. This highlights the importance
of applying the chemical around the entire circumfer-
ence of the stem. With herbaceous and shrub species
often the only practical application method is foliar
spraying. In the case of K. pinnata and R. niveus there
was off target spray damage (especially of ferns and
herbs) up to one meter around the treated plants. This
bare ground encouraged recruitment from the seedbank
of both K. pinnata and R. niveus.

From the results we can make a preliminary assess-
ment of the efficacy of the herbicides and application
methods.

Roundup   Foliar applications of Roundup were ex-
tremely effective at killing herbaceous and shrub spe-
cies such as K. pinnata and R. niveus. Both concentra-
tions (5% and 2.5%) yielded similar results and it is
probable that concentrations between 1 and 1.5%
would have been just as effective. Roundup appears to
be ineffective as a hack and squirt treatment for most
tree species. Roundup heavily damaged C. alliodora,
P. guajava and S. jumbos above the treatment area.
Roundup did not kill cambium and roots effectively
below the treatment and, in some cases (especially 50%
concentration), appears to stimulate reshooting after
several months. If Roundup is to be used as a tree killer
we recommend increasing the dose and using 100%
product. Roundup is not recommended for the control
of C. auriculatum and C. pubescens.

Tordon 22K   Tordon was generally an effective tree
killer (applied as hack and squirt). The foliage was lost
rapidly and the cambium died above the treatment area.
Even though the cambium below the treatment often
persisted the trees did not reshoot. Eventually, the trees
will probably die. Tordon 50% was especially effec-
tive for the treatment of C. pubescens. However, con-
cern over residual toxicity of Tordon may limit its use.

 Garlon 3A and 4   Triclopyr was the most effective
of the tree killers. Garlon 3A (100%) applied as hack
and squirt gave the best result in P. guajava and C.
pubescens. Foliage was lost rapidly and cambium
above and below the treatment eventually died. It ap-
pears basal bark application of Garlon 4 in P. guajava
caused more rapid defoliation than a similar dose of
Garlon 3A applied as hack and squirt. Furthermore,
both products induced little or no reshooting. Hence,
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Table 1. The effects of different herbicide treatments on eight invasive species in the Galapagos. Mean
foliage cover, cambium health and the production of shoots was recorded at various intervals after the
treatment.

Species Treatment Type, concentration and Days since Foliage Cambium >20%
dose per unit vegetation treatment cover health shoots
of herbicide (ml) (%) (0-4) (+/-)

Cestrum auriculatumHack and Squirt Roundup 50% (2.1) 278 30 1.4 +
Hack and Squirt Roundup 100% (5.1) 278 18 1.2 +
Hack control 278 70 3.6 +

Cinchona pubescensHack and squirt Roundup 50% (2.5) 329 46 2.7 +
Hack and Squirt Roundup 100% (4.6) 329 42 2.5 +
Hack and Squirt Garlon 3A 50% (2.3) 329 22 1.4 +
Hack and Squirt Garlon 3A 100% (4.4) 329 7 0.8 -
Hack and Squirt Tordon 22K 25% (1.0) 329 30 2.4 +
Hack and Squirt Tordon 22K 50% (2.4) 329 8 0.5 -
Hack control 329 91 4.0 +
Basal bark Garlon 4 20% (7.4) 59 52 2.2 -
Basal bark Garlon 4 30% (10.2) 59 21 1.5 -
Basal bark Diesel control 82 76 3.6 +

Cordia alliodora Hack and squirt Roundup 50% (2.9) 268 4 0.8 +
Hack and squirt Roundup 100% (5.2) 268 1 0.4 +
Hack control 268 2 3.8 -

Kalanchoe pinnata Foliar spray Roundup 2.5% (125) 193 10 N.A. +
Foliar spray Roundup 5% (475) 193 16 N.A. +
Control 193 90 N.A. +

Lantana camara Basal bark Garlon 4 20% (13.3) 309 21 1.5 +
Basal bark Garlon 4 30% (20) 309 6 1.3 +
Basal bark Diesel control 263 54 3.8 +

Psidium guajava Hack and squirt Roundup 50% (1.9) 358 31 1.8 +
Hack and squirt Roundup 100% (4.4) 358 11 0.9 +
Hack and squirt Garlon 3A 50% (1.9) 301 1 0.5 -
Hack and squirt Garlon 3A 100% (4.3) 301 0 0 -
Hack and squirt Tordon 22K 25% (1.1) 358 20 1.7 -
Hack and squirt Tordon 22K 50% (2.2) 358 7 0.9 -
Hack control 358 90 3.9 +
Basal bark Garlon 4 20% (2.7) 110 1 1.2 -
Basal bark Garlon 4 30% (4.0) 110 1 0.5 -
Basal bark Diesel control 110 83 3.1 +

Rubus niveus Foliar spray Roundup 2.5% (2.5) 231 0 0 -
Foliar spray Roundup 5% (5.0) 231 0 0 -
Control 231 66 3.0 +
Basal bark Garlon 4 15% (4.5) 231 0 0 -
Basal bark Garlon 4 30% (8.0) 231 0 0 -
Basal bark Diesel control 231 9 0.6 -

Syzygium jambos Hack and squirt Roundup 50% (2.5) 232 51 2.3 -
Hack and squirt Roundup 100% (6.7) 232 25 1.9 -
Hack and squirt Tordon 22K 25% (2.4) 232 7 1.3 -
Hack and squirt Tordon 22K 50% (3.6) 232 12 1.4 -
Hack control 232 82 3.1 -
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basal bark application of Garlon 4 is the recommended
treatment for this species. Although the preliminary
results are promising, the basal bark application of
Garlon 4 on C. pubescens requires three times the dose
of hack and squirt with Garlon 3A. Basal bark appli-
cation of R. niveus had a 100% kill rate. Interestingly,
the diesel control also had a reasonable kill rate. Per-
haps a low concentration of Garlon 4 (5%) would be
sufficient to ensure 100% kill. The only draw backs of
basal bark application on R. niveus are that it is slow,
difficult to apply and uses a considerable amount of
herbicide.
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