Research Paper / E F m
~

J. Ecol. Field Biol. 35(3): 235-242, 2012

Journal of
Ecology and Field Biology

Controlling Mikania micrantha HBK: How effective manual
cutting is?

Rajesh Kumar Rai"*, Madan Sandilya’ and Rajan Subedi®

!Green Governance, Nepal/Deakin University, Burwood, VIC 3125 Australia
2ComForM, Institute of Forestry, Pokhara, PO Box 43 Nepal
*Institute of Forestry, Pokhara, PO Box 43 Nepal

Abstract

Mikania micrantha, a neo-tropical vine, is spreading rapidly in the tropical part of Nepal and is now threatening the rural
ecosystem including biodiversity and rural livelihoods. However, no attempt has been made to control the spread of M.
micrantha. As a result, the vines are spreading freely and rapidly. After a thorough literature review and assessment of for-
est management practices, we proposed a manual cutting method, as it suits the Nepalese situation for several reasons:
required labor is readily available, as local communities are managing forest patches, and the method does not have
any potential adverse effects on non-target native species. Experimental plots were laid out in August 2011 to examine
the effectiveness of manual cutting. Two different site types based on canopy coverage were selected and divided into
three blocks based on cutting strategy. Four treatments were assigned across the experimental plots following a complete
block design. We harvested above-ground biomass according to the assigned treatment. The results suggested that there
should be at least two consecutive cuttings within a 3-week interval before flowering, and that three consecutive cuttings
resulted in 91% mortality of the vines. In addition, cutting promoted regeneration of native plant species. Employing
regular cutting operations can modify understory shade enhancing regeneration of native species, which is a desirable
condition to constrain proliferation of M. micrantha. Periodic cuttings reduced the competitiveness of M. micrantha
regardless of canopy openness, but native ground cover should be retained.
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INTRODUCTION

Mile-a-minute (Mikania micrantha), a neo-tropical
perennial vine, has become an important invasive plant
species in many subtropical and tropical Asian countries
including Nepal (Waterhouse 1994, Tiwari et al. 2005, Wil-
lis et al. 2008). This vine is listed as one of the world’s 32
worst invasive plants (Lowe et al. 2000), as it is notorious
for its vigorous and rampant growth and rapid prolifera-
tion from both seed and vegetative parts (Kuo et al. 2002).
Unlike other invasive plants, M. micrantha not only dis-

places native vegetation but also kills it. It climbs up to the
top of the canopy and creates a dense cover that damages
or kills other plants by blocking light (Holm et al. 1977).
Hence, M. micrantha is competent to homogenize the in-
vaded landscape and create a monoculture.

M. micrantha was first recorded in the eastern region
(Ilam district) of Nepal in 1963 before spreading west-
wards (Tiwari et al. 2005). The vine is now recorded in
20 eastern, central, and western Terai districts of Nepal,
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Fig. 1. Distribution of Mikania micrantha distribution in Nepal.

including three protected areas (PAs) such as Chitwan
National Park, Parsa Wildlife Reserve, and Koshi Tappu
Wildlife Reserve (Fig. 1). M. micrantha is considered the
most problematic terrestrial invasive plants in the tropi-
cal parts of Nepal (Poudel et al. 2005). Mikania has influ-
enced over 100 native plant species, particularly plants
with a diameter at breast height < 30 cm in the buffer zone
of Chitwan National Park (Sapkota 2007).

The abundance of invasive plants usually reduces the
availability of native plants, which can influence the de-
livery and quality of forest products, and ultimately affect
the livelihood strategy of rural farmers, as forest products
are the major farm household production input. This is
because plant species richness and ecosystem services
are intricately linked, and a change in the state of one of
these variables can be expected to have an impact on the
other (Costanza et al. 2007). In general, the vulnerability
of rural livelihoods and control costs increase with in-
creased abundance of invasive plants (Shackleton et al.
2007).

Similar to other developing countries, Nepal has not
prioritized control of invasive species as one of its con-
servation strategies (Nufiez and Pauchard 2010). The
absence of a control strategy has permitted M. micran-
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tha to propagate freely. As M. micrantha has a tremen-
dous growth rate and can regenerate from both seed and
vegetative parts, rural farmers consider controlling the
spread of M. micrantha as an unattainable mission (Rai
et al. 2012). Various techniques are in practice to control
the spread of M. micrantha in different parts of the world.
Most control methods can be classified into mechanical,
biological, and chemical control.

Control methods using chemicals do not distinguish
between target and non-target species (Zhang et al. 2004).
The use of toxic chemicals can also have adverse impacts
on native vegetation and can contaminate groundwater
and river run-off. Classical bio-control has been widely
used to control the spread of M. micrantha (Abraham et
al. 2002, Zhang et al. 2004). However, there are potential
risks of introducing new agents that could attack native
species, influence the food chain, and become invasive
(Miao et al. 2012). Thus, a mechanical technique such as
consecutive cutting of vines at regular intervals could be
appropriate to control the growth of M. micrantha, as it
focuses only on the target species (Kuo et al. 2002, Lian
et al. 2006).

An effective management strategy for invaded forests
should not only focus on eradicating an invasive species



but should also enhance the existing native ecosystem.
Thus, manual cutting could be an appropriate strategy;
however, it demands significant amounts of labor and
time. Manual cutting targeting M. micrantha will contrib-
ute to controlling its growth and create favorable condi-
tions to promote regeneration of native species.

Manual cutting for the situation in Nepal is appropriate
because of: (i) the availability of cheap labor; thus, the gov-
ernment can implement a large-scale control program,
(ii) local forest users are managing about one-fourth of
the country’s total forests, so they can participate in the
M. micrantha cutting operation, and (iii) manual cutting
has no side effects. However, the implementation of con-
trol activities including uprooting, cutting, and burning
by local forest user groups failed to produce the expected
results in the buffer zone of Chitwan National Park, Nepal
(Rai et al. 2012). In this context, this study seeks to an-
swer two research questions by establishing experimen-
tal plots in the Janakauli buffer zone community forest,
Chitwan, Nepal in August 2011. First it considers, why did
manual cutting employed by local farmers fail to control
M. micrantha re-sprouting? Second; how much will the
cutting operation cost?

MATERIALS AND METHODS
Experimental design

Two sites were selected to establish experimental plots.
Selection was based on canopy coverage such as (i) open
woodland and (ii) closed woodland. Open woodland
was defined as a forest site with canopy coverage < 20%,
otherwise it was a closed woodland. Two types of cutting
strategies (CS) were used: CS (i) was cutting M. micrantha
only, and CS (ii) was cutting all vegetation in the regen-
eration layers except tree and shrub seedlings. Four differ-
ent treatments were applied to assess the performance of
cutting based on the cutting intensity as practiced by Kuo
et al. (2002). These treatments were: control plots with no
cutting intervention (T0), cutting once (T1), cutting twice
(T2), and cutting three times (T3) during the experimen-
tal period. The time interval between two consecutive
cuttings was 3 weeks.

The treatments were assigned following a complete
block design. Thirty-two experimental plots were laid out
in the open woodland, and the size of the experimental
plots was 5 m x 5 m. Both types of cuttings were applied.
Hence, in open woodland, the block with cutting strategy
(i) had 16 experimental plots and the block with cutting
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strategy (ii) had 16 experimental plots. Every treatment
cutting strategy group had four replications. The size of
the experimental plots in the closed woodland was 10 m x
10 m, and only cutting strategy (i) was carried out. It had
eight plots and all treatments were applied twice.

After laying out the experimental plots, a baseline veg-
etation condition assessment was carried out. First, M.
micrantha vines and seedlings were counted, and cover-
age of M. micrantha and canopy openness in each plot
was estimated. M. micrantha coverage was divided into
four categories based on the coverage of vines: category I,
up to 30%; category II, 31-60%; category III, 61-90%; and
category IV, >90%. Canopy openness was estimated from
each of the four corners of each plot by the naked eye and
added. Then, the open canopy average was estimated by
dividing by four.

First, cutting was carried out in the plots assigned to the
T1, T2, and T3 treatments. Only the plots assigned to the
T2 and T3 treatments were treated during the second cut-
ting, and only the plots assigned to the T3 treatment were
treated in the third cutting. During each cutting opera-
tion, the number of M. micrantha and seedlings of native
species were counted, and harvested fresh biomass was
weighed. The fourth cutting was carried out in all experi-
mental plots, the removed fresh biomass was weighed,
and native species seedlings were counted.

Statistical analysis

All tests were carried out at a P < 0.05 significance level
using SPSS ver. 18 (SPSS Inc., Chicago, IL, USA). Results
from the completely randomized design were analyzed
with a one-way analysis of variance (ANOVA) (least sig-
nificant difference [LSD]). In particular, the effects of dif-
ferent cutting intensities on regeneration of M. micrantha
and other native species was the main interest, and analy-
ses were carried out individually for each block. A mul-
tiple regression was performed to understand the factors
affecting a change in regeneration of M. micrantha.
The following regression model was used:

Y=o+p,T+p,CS+p,ST +B,CC + p, Mikania 1)
where, Y is the change in M. micrantha (expressed in %)
after cutting operations, a is a constant term, T is treat-
ment type (values of 1, 2, 3, or 4 for T0, T1, T2, and T3)
respectively, CS denotes the cutting strategy which was
1 for cutting strategy (i) and 0 for cutting strategy (ii), ST
denotes the site type which was 0 for open canopy and
1 for closed canopy, CC denotes crown coverage of the
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experimental plots expressed as a percentage, Mikania is
the number of M. micrantha plants per plot recorded dur-
ing the baseline vegetation assessment, and B, to B, are the
vectors of the coefficients.

RESULTS
Characteristics of the experimental plots

Baseline information on the experimental plots showed
that the average M. micrantha coverage and the number
of plants in the open woodland were higher than those
in the closed woodland (Table 1). The baseline statistics
indicated that M. micrantha coverage had an inverse re-
lationship with the crown cover of the experimental plots.
The average fresh biomass removed during the first cut-
ting was reported, and, as expected, the highest amount
of biomass removed from the open woodland plots was
achieved with cutting strategy (ii).

We assumed homogeneous site quality, as soil charac-
teristics of a site are less important for growth of M. mi-
crantha (Wen et al. 2000). Light condition plays an impor-
tant role in M. micrantha growth, as the vines are strongly
light demanding (Ipor 1991). They generally colonize
aquatic ecosystems such as marshes and riverbanks, and
rarely grow in other habitats (Ye and Zhou 2001). During
the field work, we observed the abundance of M. micran-

Table 1. Descriptive statistics (average per plot in baseline assessment)

tha in riverine forests and forest patches close to water
sources.

Effects of manual cutting

The change in the number of M. micrantha by percent-
age in different blocks was estimated (Table 2). The re-
sults show that three consecutive cuttings eliminated up
to 91% of the vines. Additionally, the trend showed that
vine mortality increased with the number of consecu-
tive cuttings. The statistics of control plots (T0) indicated
that the abundance of M. micrantha increased over time
in the absence of a control program and also showed the
plant’s aggressive proliferation. Interestingly, a single cut-
ting operation enhanced regeneration of M. micrantha in
the open woodland block under cutting strategy (ii). This
cutting operation was similar to the local practices carried
out as a control strategy.

A one-way ANOVA (LSD) was performed to examine
the significance between the changes in the number of
M. micrantha plants resulting from the different cutting
treatments (Table 3). The change in the number of M.
micrantha under different cutting treatment plots, par-
ticularly T2 and T3, was statistically significant compared
with that in the no-cut plots (P < 0.05). The effects of cut-
ting twice and three times were significantly different
from the effects of cutting once in all three blocks. But, no
significant difference was observed between the effects of

Block Crown cover (%) Mikania cover Biomass removed (kg) No. of Mikania No. of seedling
Open woodland-CS (i) 16.81 (4.08) 2.50 (0.18) 18.75 (3.50) 373 (22.40) 0.69 (0.384)
Open woodland-CS (ii) 20.25 (5.21) 1.93 (0.26) 26.09 (5.28) 334 (34.01) 2.13 (0.56)
Closed woodland-CS (i) 63 (7.11) 1.25 (0.16) 15.58 (4.57) 270 (40.77) 2(0.62)

Standard errors in parentheses.

Table 2. Change in Mikania (%) and seedlings

Mikania (%) Seedlings (number)
Treatment Open woodland Closed canopy Open woodland Closed canopy
CS (i) CS (ii) CS (i) CS (i) CS (ii) CS (i)
TO 33.91 (2.54) 83.17 (31.82) 38.37 (6.06) 0.25 (0.25) 0.00 (0.00) 0.00 (0.00)
T1 8.71 (5.68) 57.37 (6.89) -51.00 (35.21) 2.00 (1.35) 1.00 (0.71) 0.50 (0.50)
T2 -86.99 (3.82) -78.69 (6.26) -84.59 (7.17) 2.50 (0.95) 0.25 (0.25) 0.50 (0.50)
T3 -88.18 (5.82) -86.19 (5.92) -91.48 (4.74) 2.50 (0.95) 0.75 (0.47) 0.00 (0.00)

Standard errors in parentheses.

http://dx.doi.org/10.5141/JEFB.2012.029 238



cutting twice or three times. The change in Mikania in the
T1 experimental plots was not significant compared with
the changes that occurred in the no-cut plots (T0) in the
open-woodland, regardless of cutting strategy.

A change occurred in the number of native species
seedlings in the different treatment plots (Table 2). The re-
sults showed positive effects of the cutting treatments on
the regeneration of native plants. However, the changes
were not statistically different, based on a one-way ANO-
VA (LSD). This may have been due to the time span of the
study. In the long run, it would be expected that cutting
M. micrantha provides space for regeneration of native
plant species. However, this speculation requires further
research conducted for a longer duration.

Cost of the cutting operation
The costs of the operation were estimated based on

the actual time taken to cut (Table 4). The results showed
that the time required for the operation depended on the

Effective manual cutting of Mikania micrantha

abundance of M. micrantha. The costs of operation in
terms of labor hours in the open woodland were substan-
tially higher than that in the closed woodland. In addi-
tion, the number of labor hours required per plot in the
different treatment plots showed that the first operation
was the most expensive. Strategy (i) of removing M. mi-
crantha only was more expensive than cutting strategy
(ii), which removed all ground vegetation except tree and
shrub seedlings. However, cutting strategy (i) was cheaper
for subsequent cutting operations than that of strategy
(ii). We assumed that one labor day was 8 h for this esti-
mate.

Factors affecting the change in the number of M.
micrantha vines

Table 5 shows the results of a multiple regression analy-
sis. The dependent variable was the percent change in M.
micrantha. The r* value of 0.737 indicated that the model
was a good fit. This result shows that variables including

Table 3. One-way ANOVA (LSD) tests for changes in number of Mikania (%)

Open woodland Closed canopy
Treat (I) Treat (J)
CS (i) CS (ii) CS (i)

T1 T2 95.71° (24.70) 134.32° (11.33) 24.97" (9,86)
T1 T3 96.89 (24.82) 143.56 (9.92) 36.95 (12.61)
T1 TO -25.19 (24.63) -10.13 (11.33) -89.37 (8.40)
T2 T3 1.18 (3.02) 9.45 (11.74) 11.98 (13.62)
T2 TO -120.91°(1.92) -144.46'(12.96) -122.96'(9.86)
T3 TO -122.09 (2.82) -153.91° (11.74) -131.30°(12.61)

LSD, least significant difference.

‘Significant at 5% level. Standard errors in parentheses.

Table 4. Costs of cutting operations (labour day)

Plot type Treatment hplot” cut™ h/plot Labour day/ha
Open woodland-CS (i) T1 1.56 (0.22) 1.56 78.12
T2 0.85 (0.46) 1.70 85.25
T3 0.75 (0.39) 2.25 112.62
Open woodland-CS (ii) T1 1.41(0.11) 1.41 70.87
T2 0.89 (0.43) 2.00 100.00
T3 0.79 (0.40) 2.39 119.62
Closed Woodland-CS (i) T1 1.16 (0.23) 0.58 7.28
T2 0.58 (0.29) 0.72 9.09
T3 0.76 (0.25) 0.96 12.00
Standard errors in parentheses.
239 http://jefb.org
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Table 5. Results of a multiple regression analysis

Variables Coefficients
Constant 6.796 (1.207)
Treatment -1.7647 (0.194)
Cutting strategy -1.116' (0.492)
Site type 0.648 (0.826)

Crown coverage (%) -0.020 (0.015)

Mikania number (in initial assessment) -0.007" (0.002)

“Statistical significance at the 5% level. Standard errors in parentheses.

treatment, cutting strategy, and the number of M. micran-
tha vines in the initial assessment were major determi-
nants of changes in the number of vines.

The negative sign for treatment indicates that mortality
of M. micrantha increased with the number of consecu-
tive cuttings. This finding supported previous results (Kuo
etal. 2002, Lian et al. 2006). Similarly, the negative sign of
the cutting strategy indicated that removing only M. mi-
crantha only reduced the number of M. micrantha plants
significantly compared to removing all vegetation except
trees and shrubs. This could be due to the light intensi-
ty on the ground, as the M. micrantha only plots had a
ground cover of shrubs, which may not pass enough light,
resulting in higher rates of mortality compared to cutting
strategy (ii). At the same time, removing all vegetation can
offer suitable habitats for M. micrantha due to increased
light intensity and encourage growth and survival.

Similarly, cutting was more effective in the plots with
an abundant number M. micrantha. The insignificant
coefficient of the site type indicated that cutting inten-
sity had the same effect in both open and closed canopy
plots. Therefore, forest managers do not require a specific
cutting strategy based on canopy coverage. However, it
should be noted that a low abundance of M. micrantha in
the closed canopy may produce less effective results than
that in open woodlands.

DISCUSSION

The results showed that manual cutting reduced the
competitiveness of M. micrantha substantially and effec-
tively control proliferation. As expected, the open wood-
land had higher M. micrantha abundance than that of the
closed woodland because of the light loving nature of the
vines. However, the effects of manual cutting were iden-
tical across the experimental plots regardless of canopy
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openness. The results also demonstrated that removing
the vines created favorable conditions for native plant
species and promoted their recovery (Lian et al. 2006).
In general, the abundance of M. micrantha reduced the
availability of native species and vice versa.

This study also answered why control strategies prac-
ticed by local forest users failed to produce expected re-
sults (Rai et al. 2012). There are two main reasons behind
the failure of local manual cutting practices. First, there
was a seasonal effect, as forest user groups were prac-
ticing control measures during December and January.
However, although winter is the ideal season for forestry
operations including thinning and pruning, this method
is less effective to control the spread of M. micrantha (Kuo
et al. 2002). Because winter is the peak flowering season
of the vines, insitituting a cutting operation during this
season may help to spread seeds instead of eliminating
M. micrantha. Second, no periodic cuttings were con-
ducted, as forest users were cutting the vines only once
per year. Our results showed that a single cutting opera-
tion may promote vine proliferation. In general, invasive
plants perform better in disturbed habitats and are highly
competitive to recover following cutting (Lian et al. 2006).
However, repetitive cutting can hinder their growth (Feng
et al. 2002, Kuo et al. 2002).

M. micrantha vines usually colonize an open area with
moist soil (Willis et al. 2008), indicating that manipulat-
ing light conditions can help to control vine proliferation.
The results showed that removing M. micrantha only
from the ground cover produced better results than re-
moving all herbs and climbers from the ground in terms
of eliminating vines. The cutting strategy retaining native
ground cover limited the availability of space and light
for germination. Cutting strategy (i) could be appropri-
ate to manage invaded grasslands, where ground cover
plays an important role manipulating site conditions to
degenerate M. micrantha. However, this cutting strategy
is more costly during the first cut, but the subsequent cut-
ting operations become comparatively cheaper with the
reduction in the number of vines. As the costs of control
measures depend on the abundance of the invasive spe-
cies, in the long run, the cutting strategy of removing M.
micrantha only becomes more economically efficient to
control the vines compared to the cutting strategy of re-
moving all shrubs and climbers from the ground (Shack-
leton et al. 2007).

The estimates of control costs indicated that the cut-
ting operations were not as expensive as expected in the
forest patches with crown cover > 60%. According to local
forest users, the costs of the uprooting operation was NRs



(Nepalese Currency-Nepalese Rupees (NRs); 1 US$-NRs.
81.00 during the experimental period). 10,000 per ha,
which is equivalent to 28.57 days per ha at local wage rate
(NRs, 350/day). However, the open woodland demanded
a substantial amount of labor . On average, the commu-
nity forest area per household is 0.73 ha (Do 2008). This
means for the first year, each household should spend
at least 8.76 to control the growth of M. micrantha in the
invaded area, for a three consecuting year cutting opera-
tion to be carried out. The labor requirement could be less
when itis implemented in a larger area, as this is based on
the estimates from the experimental plots.

The results of our study suggest that controlling the
infestation of M. micrantha through manual cutting is
a gradual process. Regular removal of M. micrantha de-
creases the abundance of the vines and promotes regen-
eration of native plant species. In the long run, it modifies
understorey shade, which is desirable to reduce the com-
petitiveness of M. micrantha, and ultimately contribute to
control further regeneration (Feng et al. 2002).

CONCLUSION

We concluded that manual cutting could be an appro-
priate strategy to maintain the native ecosystem in an in-
vaded area by constraining the growth of M. micrantha.
Regular cutting operations enhance understory shade
and promote the regeneration of native plants, which is
the desirable condition to impede the growth of light-
demanding species. In general there is a risk to introduce
new biological agents to control the invasive species;
therefore, manual cutting seems to be an appropriate
strategy to control M. micrantha growth. However, the
following three points should be considered:

- Cutting above ground biomass should start before flow-
ering, and M. micrantha flowering starts in September
in Nepal.

- There should be at least two consecutive cuttings in a
3-week interval.

- Only M. micrantha should be removed during cutting,
and native ground cover should be retained.

Admittedly, the mortality of M. micrantha increased
with increased frequency of cuttings; however, selecting
two or three cuttings depends on the available resourc-
es. In general, cutting costs can be minimized by utiliz-
ing the removed plant materials. Empirical studies have
shown that invasive plants can be transformed into eco-
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nomic goods though appropriate human intervention
(Kaufmann 2004, Rai et al. 2012). Further study is needed
to explore possible uses for the harvested M. micrantha
biomass.

The spread of M. micrantha has a clear trend of moving
west in Nepal. Bare ground should be minimized to con-
trol its further spread (Feng et al. 2002). There is a need to
assist local forest user groups to include invasive species
management activities in their operational plans. These
above mentioned points should be followed while prepar-
ing such activities.
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