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Summary
A study was conducted at Beechmont in
Queensland from March to November
1998 to compare the efficacy of one, two
and three foliar applications of various
concentrations of glyphosate and
fluroxypyr ester on Madeira vine
(Anredera cordifolia). Repeat applica-
tions were made at 3-monthly intervals.
Counts of Madeira vine density within
experimental quadrats were made fol-
lowing treatment applications in au-
tumn, winter and spring 1998. Flur-
oxypyr applied at 1 and 2 g L-1 water and
glyphosate 360® applied at 3.6 and 7.2 g
L-1 water were equally effective in con-
trolling all vine stems present at applica-
tion.

Fluroxypyr at 1 and 2 g L-1 water were
the only treatments which significantly
reduced the number of new stems of the
plant in the months between applica-
tions. Quadrats treated with fluroxypyr
at its lowest effective concentration (1 g
L-1 water) had less Madeira vine and
other broad-leaved weeds, but contained
competitive grass species such as
kikuyu, which, from a management per-
spective, may be beneficial by providing
competition. Canopy establishment can
eventually shade such species out. Re-
moval of competition through the use of
the non-selective herbicide glyphosate
may favour re-invasion from Madeira
vine subterranean tubers, especially if
applied at a time of year where transloca-
tion activity is not high.

Though the pooled population den-
sity was significantly lower from April to
July 1998, there were no significant
changes within the population trajecto-
ries in quadrats treated with fluroxypyr
at 1 g L-1 water, indicating no preferential
time for spraying.

Model predictions indicated that
monthly applications of fluroxypyr at 1 g
L-1 water at this particular site would be
required to stabilize the population (in
the absence of recruitment of new indi-
viduals), and subsequently reduce it at a
rate dependent upon the mortality of the
subterranean tuber ‘bank’. The length of
time over which herbicide applications
would be required would have to be de-
termined empirically.

Introduction
Madeira vine, Anredera cordifolia (Ten.)
Van Steenis is a tropical smothering vine
from South America. It was originally in-
troduced into Australia as an ornamental
plant for its attractive display of perfumed
creamy flowers, appearing from spring to
autumn. Madeira vine reproduces mostly
from the numerous aerial tubers which are
produced along the full length of its stems.
When these tubers reach maturity (or if
the parent plant is subjected to stress),
they fall to the ground in conglomerates
of up to 30 cm diameter, from which veg-
etative growth can exceed 1 m per month
in spring and summer. Aerial tubers can
remain viable in or on the soil for over two
years and may be as numerous as 1500 m-2

(Floyd 1985). Fruit set, seeding and germi-
nation are known to occur in Australia,
although reproduction by seed probably
occurs infrequently (Swarbrick 1999).

Madeira vine is a problem weed of
coastal and subcoastal areas from south-
ern Queensland to New South Wales,
threatening lowland subtropical rainfor-
est remnants on rich alluvial floodplains
(Floyd 1985). Desirable trees which host
the vines can be crushed by the weight of
vines, allowing further light to enter
through the canopy to break tuber dor-
mancy and promote new growth, in-
wardly collapsing the forest margin
(Buchanan 1989).

An experiment was undertaken to com-
pare the effectiveness of the herbicides
fluroxypyr ester and glyphosate, each at

two concentrations, on Madeira vine, and
to determine the number of follow up ap-
plications required to effectively manage
this weed, adjunct to mulching and
revegetating with native species.

Materials and methods
An area heavily infested with Madeira
vine was selected at Nell Scott Park,
Beechmont (28°07'37"S; 153°11'34"E). The
experimental design was completely
randomized with three replicates. Thirty-
nine 1 m2 quadrats were established with
wooden pickets. Experimental units
(quadrats) were viewed as cohorts of indi-
vidual vines (probably ramets and there-
fore not true genetic individuals) whose
population trajectories (Cousens and
Mortimer 1995) were mapped over an
eight month period.

Prior to the first treatment application
in March 1998, a count of the number of
Madeira vines present in each experimen-
tal quadrat was recorded. All stems were
identified by numbered aluminium tags
wired to the stems. This procedure was
repeated monthly for the following eight
months, with each new previously unob-
served stem being tagged. Consequently,
within each quadrat there were at times
stems of different ages. The condition of
each stem was assessed (whether alive or
dead) at monthly intervals from April to
November 1998.

Treatments applied are listed in Table
1. Quadrats received either one, two or
three applications. The method of herbi-
cide application was foliar spray (c. 1000 L
ha-1) using a 15 L knapsack sprayer.

Measurements
Distinguishing individual genets (the en-
tire genetic individual) from ramets
(shoots coming off the genet) was not pos-
sible. Measures of survival were obtained
by following tagged stems over time.

A count of the stem density (Nt) within
every quadrat was made monthly (en-
compassing the full range of herbicide
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Table 1. Chemicals used and concentrations applied to Madeira vine at
Beechmont.

Herbicide Concentration Time/s of application Mean no. SD
(g L-1 water) vines m-2

1. Fluroxypyr 200 g L-1 1 March 0.52 0.54
2. Fluroxypyr 200 g L-1 2 March 0.30 0.31
3. Fluroxypyr 200 g L-1 1 March and June 0.17 0.26
4. Fluroxypyr 200 g L-1 2 March and June 0.21 0.29
5. Fluroxypyr 200 g L-1 1 March, June and September 0.10 0.25
6. Fluroxypyr 200 g L-1 2 March, June and September 0.13 0.25
7. Glyphosate 360 g L-1 3.6 March 0.62 0.51
8. Glyphosate 360 g L-1 7.2 March 0.34 0.40
9. Glyphosate 360 g L-1 3.6 March and June 0.53 0.49
10. Glyphosate 360 g L-1 7.2 March and June 0.56 0.50
11. Glyphosate 360 g L-1 3.6 March, June and September 0.25 0.39
12. Glyphosate 360 g L-1 7.2 March, June and September 0.25 0.44
13. Control (untreated) – – 0.60 0.18
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application times). Finite survival rates
(Nt/No) of vines were calculated by divid-
ing the number alive at the end of each in-
terval by the number alive at the begin-
ning of each interval. The effect of density-
dependence on population trajectories
within control plots was investigated by
plotting the rates of population increase λ
(Nt+1/Nt) against population density (Nt).

Analysis
Finite survival rates were the diagnostic
tools used to distinguish groups of vine
stems to be included or eliminated from
the population matrices. Finite survival
rates in themselves were not analyzed sta-
tistically; they ranged only from 0 (repre-
senting nil survival) to 1 (indicating sur-
vival of an entire group of vines at a given
time).

Population data were transformed to
log (X + 1) values and the effect of treat-
ments and time on population density
were analysed by using Systat™ ANOVA
(SPSS 1997). Mean differences were tested
post hoc, using Tukey’s matrix of pairwise
comparison probabilities. A Student’s t-
test was used to further compare differ-
ences between each effective treatment.
Regression analysis was used to investi-
gate the relationship between rates of
population increase and plant density
within control plots.

Results and discussion
Survival rates
In the months between herbicide applica-
tions, quadrats where all treated vines
survived scored a finite survival rate of 1.
Episodes of vine mortality, in which all
visible, tagged vines were destroyed
within their respective quadrats (finite
survival rate 0) occurred directly follow-
ing treatment application. Each of the her-
bicides tested killed all treated stems. This
simple correlation between mortality and
treatment events yielded basic informa-
tion on herbicide efficacy, but was acutely
deficient in elucidating effects on the tra-
jectory of stem density over time. ANOVA
provided more insight into the effect of
time.

Pooled effects on population density
Factors which had a significant effect on
the mean population density across all
assessment times (pooled population den-
sity) of Madeira vine were treatment
(F12,208=13.146; P<0.001), time (F7,208= 44.344;
P<0.001) and the interaction between
treatment and time (F84,208=2.020; P<0.001).

Post hoc tests revealed a significantly
lower number of stems m-2 growing from
subterranean tubers in quadrats treated
with fluroxypyr at 1 and 2 g L-1 water in
March and June and March, June and Sep-
tember (treatments 3, 4, 5 and 6) than
those found in control plots (Figure 1a).
There were significantly lower densities of

Madeira vine in quadrats from time 1–4
(April to July 1998) than from time 5–8
(August to October 1998) (Figure 1b).
Pooled densities over time of Madeira
vine stems in quadrats treated with
glyphosate at 3.6 and 7.2 g L-1 water in
March, March and June, and March, June
and September were not statistically dif-
ferent to stem density in control plots.

The effect of time on the pooled popu-
lation density indicated the period be-
tween April and July as having the lowest
stem density. Though not reflected in the
control, this may suggest that carbohy-
drate storage is the main activity of the
plant at this time of year, and may possi-
bly indicate a period in which transloca-
tion of herbicides into subterranean tubers
occurs.

According to the post-treatment sur-
vival data, glyphosate and fluroxypyr
were equally effective in destroying Ma-
deira vine at each of the concentrations
and application times tested. It would not
be appropriate, however, to depend on
such basic efficacy data for the long-term
management of Madeira vine. Essentially,
this kind of data does not consider other
factors (both intrinsic and extrinsic) affect-
ing the population over time.

Linking the effects of time and treat-
ment meant testing for significant changes
within the population trajectory of each of
the effective treatments (within-groups ef-
fects).

Within-groups effects – time
In contrast with the survival data, analy-
sis of variance of the effects of time, treat-
ment and their interaction identified
fluroxypyr and not glyphosate as a herbi-
cide capable of significantly reducing
population density. For this reason, fur-
ther discussion relates only to the flur-
oxypyr treatments.

There were no significant changes with-
in the population trajectories of cohorts
receiving treatment numbers 3, 4 and 5
(Figures 2a-c). Prior to the September

spraying, there was a significant peak in
the population trajectory of cohorts receiv-
ing treatment 6 (Figure 2d). Following this
treatment application, the population at
times 7 and 8 (October and November
1998) returned to similar levels present
from times 1–4 (April to August 1998).

There was a greater increase in stem
numbers following the June applications
than was the case after the March applica-
tions. The differences in the increases
were not significant with treatments 3, 4
and 5, but they were large enough to sug-
gest a possible effect due to application
time. The population trajectories of treat-
ments 3 and 4 had different shapes to
those of treatments 5 and 6; paired t-tests
were used to assess the probability of dif-
ferences between the mean population
densities (between-groups effects) of these
treatments.

Between-groups effects
Comparisons of the mean population den-
sities across the eight assessment times re-
vealed that there were significantly fewer
vines m-2 in cohorts sprayed with treat-
ment 5 than those sprayed with treatment
4 (t=2.371; df=23; P=0.027). All other
means compared were not significant at
the 0.05% level (Table 1).

Frequency and rate of herbicide
application
The lowest effective concentration of
fluroxypyr tested was 1 g L-1 water. To
impact significantly upon the population
density of Madeira vine, repeat applica-
tions were essential. Graphing the popu-
lation trajectories demonstrated that the
schedule of repeat applications imple-
mented in this experiment served only to
maintain vine numbers within a particu-
lar range. At the very least, management
is dependent upon achieving a level of
control that would act to stabilize the
population (Nt+1=Nt). The frequencies with
which even the most effective herbicides
were applied in this experiment, were not

Figure 1. Transformed mean population density of Madeira vine (a) by
treatment and (b) by time.

(a) (b)
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sufficient to stabilize the population, let
alone reduce it (Figures 3a-d).

Using models to estimate the effect of
increased application frequency on the
level of control
The simplest mechanism for increasing
the level of control would be to increase
the frequency of herbicide applications.
The data from treatments 3–6 were pooled
and population trajectories were evalu-
ated for schedules of repeat applications
every two months and every month re-
spectively. These models were based on
the premise that all visible vines were
killed by the lowest effective concentra-
tion of fluroxypyr (1 g L-1 water) at the
time of application and they accounted for
each new emergence (Figures 4a-b).

Increasing the frequency of herbicide
applications to monthly intervals at this
site may not only stabilize the population
(in the absence of recruitment of new indi-
viduals), but should also reduce it at a rate
dependent upon the mortality of the sub-
terranean tuber ‘bank’. The behaviour of
this complex network of underground tu-
bers is unknown. Therefore, the length of
time for which such an effort would be re-
quired would rely upon experience and
knowledge of the specific site.

Other considerations
Plots treated with fluroxypyr at the lowest
effective concentration evaluated (1 g L-1

water) had less Madeira vine and other
broad-leaved weeds than quadrats treated
with glyphosate, and contained competi-
tive grass species such as kikuyu, which,
from a management perspective, may be
beneficial by providing competition.
Canopy establishment can eventually
shade such species out. Removal of com-
petition through the use of the non-
selective herbicide glyphosate may favour
re-invasion from Madeira vine subterra-
nean tubers, especially if applied at a time
of year where translocation of herbicides
to the roots is not high.

Conclusion
Fluroxypyr applied at 1 and 2 g L-1 water
and glyphosate applied at 3.6 and 7.2 g L-1

water were equally effective in controlling
all treated stems. However, fluroxypyr at
1 and 2 g L-1 water were the only treat-
ments which resulted in significantly less
regrowth of new stems from underground
tubers in the months between applica-
tions.

Increasing the frequency of herbicide
applications to monthly intervals at this
particular site would not only stabilize the
population (in the absence of recruitment
of new individuals), but would also re-
duce it at a rate dependent upon the mor-
tality of the subterranean tuber ‘bank’.

Figure 2. Population trajectories of (a) Treatment 3, (b) Treatment 4, (c)
Treatment 5, and (d) Treatment 6. Bars represent standard errors.

Figure 3. Trajectory of Nt+1 (changes in Madeira vine population density
measured monthly) for (a) Treatment 3, (b) Treatment 4, (c) Treatment 5 and
(d) Treatment 6. Broken line represents no population growth.

(a) (c)
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(b) (d)



36   Plant Protection Quarterly Vol.16(1)  2001

Acknowledgments
Thanks are due to Iris Flenady, George
Rankin and the other members of the
Beechmont State School Parents and Citi-
zens Association – Remnant to Remnant
Project for their co-operation and to Mar-
tin Hannan-Jones and Dane Panetta for
assistance with statistical analysis and ed-
iting respectively.

References
Buchanan, R.A. (1989). ‘Bush regenera-

tion: Recovering Australian land-
scapes’. (TAFE, NSW).

Cousens, R. and Mortimer, M. (1995). ‘Dy-
namics of weed populations’. (Cam-
bridge University Press, Cambridge).

Floyd, A.G. (1985). Management of small
rainforest areas. Part 1. National Parks
Journal 29, 17-19.

SPSS Inc. (1997). ‘SYSTAT® 7.0: Statistics’.
(SPSS Inc., Chicago, USA).

Swarbrick, J. (1999). Seedling production
by Madeira vine (Anredera cordifolia).
Plant Protection Quarterly 14, 38-9.

(a)

(b)

Figure 4. Estimated trajectory of Nt+1

if herbicide was applied at (a)
intervals of two months and (b)
intervals of one month. Broken line
represents no population growth.


