HOW IS FECUNDITY AFFECTED BY MOWING IN THE TROPICAL WEED
STACHYTARPHETA CAYENNENSIS (VERBENACEAE)?'

MOACYR BERNADINO DIAS-FiLHO?

ABSTRACT - The effect of mowing on the fecundity of the tropical weed Stachytarpheta cayen-
nensis (Rich) Vahl. “gervae” was evaluated by simulating conventional mowing on plants grown
individually in pots, in a greenhouse. Mowing was simulated by clipping plants at 12 ¢m from the
soil surface at the beginning of the reproductive stage. Mowed plants were compared to unmowed
ones grown under identical conditions. Starting 50 days after mowing, data on the number of
flower-bearing spikes and branches per plant were collected every 20 days for 110 days. Mean
spike length and the number of seeds per spike and plant were assessed 110 days after mowing.
The number of branches per plant was negatively affected by mowing; however, the number of
spikes per branch and the number of seeds per spike and per branch were higher in mowed plants.
No significant differences between treatments could be detected on the final number of seeds per
plant and on the mean spike length per plant. These resuits are discussed in relation to their practi-
cal significance.

Index terms: seed production, defoliation, Amazonia, weed control, pasture.

COMO A FECUNDIDADE E AFETADA PELA ROCAGEM
EM STACHYTARPHETA CAYENNENSIS (VERBENACEAE) ?

RESUMO - O efeito da rogagem na fecundidade da planta invasora tropical gervio, Stachytarphe-
ta cayennensis (Rich) Vahl., foi avaliado em plantas cultivadas individualmente em vasos, em casa
de vegetagdc. A rogagem foi simulada através de um corte, a 12 cm da superficie do solo, em
plantas no inicic da fase reprodutiva. Plantas rogadas foram comparadas com plantas nio rogadas,
cultivadas em condigdes idénticas as plantas rogadas. A partir de 50 dias apds a rogagem, foi me-
dido a cada 20 dias, durante 110 dias, o nimero de ¢spigas ¢ ramos per planta. O tamanho médio
das espigas e o niimero de sementes por espiga e por planta foram medidos 110 dias apos a roga-
gem. O numero de ramos por planta foi negativamente afetado pela rogagem, mas o nimero de
espigas por ramo e o nimero de sementes por espiga e por ramo foram maiores nas plantas roga-
das. Nio foi detectada diferenga estatisticamente significativa entre tratamentos no nimero de se-
mentes por planta ¢ no comprimento médio das espigas. Os resultados obtidos sdo discutidos com
relagdo ao seu significado pratico.

Termos para indexagfio: produgdo de sementes, desfolhamento, controle de ervas daninhas,
Amazonia, pastagem, planta invasora.

INTRODUCTION

In tropical agricultural areas, recruitment of
weed species through the establishment of seed-
lings is important (e.g., Staver, 1991). The process
of recruitment of new individuals from seed re-
quires a sequence of steps in order to be success-
ful. These steps include seed production, dispersal,
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germination, seedling establishment and growth,
In this context, production of seeds is a critical
phase that, especially for a species lacking vege-
tative reproduction, will determine to a great ex-
tent how successful the recruitment of new indi-
viduals will be.

Stachytarpheta  cayennensis  (Rich) Vahl
(“gervio”} is an erect Verbenaceae shrub recog-
nized as an important perennial weedy species of
pastures and crop areas in Brazil and, in particular,
in the Brazilian Amazonia (Dias Filho, 1950;
Lorenzi, 1991). Reproduction in Stachytarpheta
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occurs only sexually through seeds that are pro-
duced generally in pairs inside a dry fruit that de-
velops in cavities along erect spikes (Fig. 1). Al-
though native to tropical America, this species
also occurs as a weed in Australia (McFadyen,
1984; Kleinschmidt & Johnson, 1987), Hawaii
(Haselwood & Motter, 1983) and India (Nair et
al., 1982).

A common weed management practice usually
conducted in pastures invaded by Stachytarpheta
and related weed species in the Brazilian Ama-
zonia is the mechanical or manual mowing of the
area by the beginning of the rainy season, when
most weed species have just started their repro-
ductive phase. This initial mowing is usually
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FIG. 1. Detail of a branch (with flowering spikes)
and a fruit of Stachytarpheta cayennensis.
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complemented by another by the end of the rainy
season (i.e,, three to five months later) (see Dias
Filho, 1990). Even though most perennia! weed
species are known to withstand this mowing man-
agement (Dias Filho, 1990), it is believed that,
compared to unmowed plants, the fecundity of
mowed weeds can be decreased due to a reduced
production of reproductive structures (e.g., inflo-
rescence and seeds),

Although mowing is a common practice in the
management systems of agricultural areas in
Amazonia and other tropical areas, no published
information is known to exist on the effects of de-
foliation on the fecundity of individual weed spe-
cies. Such knowledge would help evaluating the
biological and economic effectiveness of mowing
in controlling these species and also determining
how adapted they are to defoliation.

The objective of this study was to determine
how a simulated mowing regime (a single defolia-
tion at 12 cm from the soil surface, at the begin-
ning of the species’ reproductive phase) affects
fecundity (i.e., the number and size of flowering
spikes and the number of seeds) in the tropical
weed S. cayennensis, grown under controlled en-
vironmental conditions.

MATERIALS AND METHODS

Plant material and growing conditions

Stachytarpheta cayennensis seeds were collected
from plants growing in pasture areas 12 km from
Paragominas, PA (3% 05’ S - 47° 21° W) in the Eastern
Brazilian Amazonia. Seeds were germinated on filter
paper in petri dishes and then planted individually in
1750 ml plastic pots in a mixture of
peat:vermiculite:perlite {1:1:1). Plants were grown in a
greenhouse at temperatures of 24 £ 2.2°C (minimum) to
33 £ 2.1°C {maximum} and a maximum photosynthetic
photon flux density (PPFD) of approximately 900 pmol
m™ s7'. Pots were watered every other day to field ca-
pacity and fertilized every two weeks with 30 m] of a
water soluble fertilizer solution (15 % N, 30 % P Os,
15 % K,0, 0.02 % B, 0.07 % Cu, 0,15 % Fe, 0.05 %
Mn, 0.0005 % Mo and 0.06 % Zn; 3.5 g ™).

Treatments and sampling

Conventional mowing was simulated on Stachytar-



HOW IS FECUNDITY AFFECTED BY MOWING

pheta plants by clipping the plants at 12 cm from the
soil surface at the beginning of the reproductive stage,
i.e., five to six weeks after germination. Mowed plants
were compared to unmowed plants grown under the
same conditions., Number of primary branches off the
main stem and flowering spikes (Fig. 1) were assessed
for each plant every 20 days for 60 days, starting at 50
days after mowing. At the last evaluation date (i.e., 110
days after mowing}, the number of seeds per spike and
spike length were also recorded for all plants.

Experimental design and statistical analysis

Pots were arranged in the greenhouse in a com-
pletely randemized design with seven replicates. Each
replicate was an individual pot planted with a single
plant and placed at a particular location inside the
greenhouse.

Differences between treatments in the number of
spikes per plant and per branch through time were ana-
lyzed by analysis of variance with repeated measures
(Ende, 1993). The within-subject or repeated measures
effect was Time, and the between-subject main effect
was Mowing intensity, Homoscedastic residuals, as-
sessed by Box M test, were confirmed both for loga-
rithmically transformed values of number of spikes per
branch (P=0.1) and untransformed values of number of
spikes per plant (P=0.3). No severe departures from the
normality assumption were identified by examining
half-normal probability plots of z-transformed within-
-cell correlations for both data. Compound symmetry of
the covariance matrix of each analysis of variance was
tested by the Mauchly’s sphericity test. The Huynh-
-Feldt correction (Ende, 1993) was considered for both
analyses. Differences in the number of seeds and
branches per plant were evaluated by Kruskal-Wallis
ANOVA, Differences in the number of seeds per branch
and per spike and in the mean spike length per plant
were assessed by Mann-Whitney U test. The statistical
package STATISTICA for Windows release 4.5
(STATISTICA for Windows, 1994) was used for all
computations of the data.

RESULTS AND DISCUSSION

The indicators of Stachyiarpheta fecundity
were differentially affected by mowing. Mowing
significantly increased the number of spikes per
branch (Table 1, Fig. 2) and the number of seeds
per branch and per spike (Mann-Whitney U Test,
P=0.001, for both variables) (data not shown).
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TABLE 1. Analysis of variance of number of
spikes per branch with repeated mea-
surement on time. Treatment (mowed
and unmowed) is the fixed main effect.

Sources df MS F P H-F

Between-subjects

Treatment (Tr.) 1 48.1 5.7 0.03 ———-
Error 12 843

Within subjects

Time (T) 3 358 457 - <0.001
T x Tr. 3 036 46 - 0.008
Error 36 0.078

H-F, Huynh-Feldt corrected significance level (see
Maierials and Methods)

Number of spikes per branch
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50 0 20 10
Days from mowing
FIG. 2. Change over time in the number of flowering
spikes per branch (mean £ S.E., n= 7) for
two mowing intensities: mowed {(open squa-
res) and unmowed (closed squares).

The number of primary branches per plant was
45 % lower (Kruskal-Wallis ANOVA, H= 104,
P= 0,001} in mowed plants, and did not change
from day 50 to 110 after mowing (data not
shown). Mean spike length per plant was slightly
higher for mowed plants (17.3 cm vs. 16.6 cm);
however, this difference was only marginally sig-
nificant (Mann-Whitney U test, P= 0.06). No sig-
nificant effect of mowing could be detected on the
number of spikes per branch (ANOVA,
Fi,12= 1.96, P= 0.19). However, a tendency for a
lower number of spikes in mowed plants was ob-
served throughout the evaluation period (Fig. 3).
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The total number of seeds per plant was not af-
fected significantly by mowing (Kruskal-Wallis
ANOVA, H= 0.04, P= 0.85); however, seed num-
ber in mowed plants had a tendency to be higher
than in unmowed ones (Fig. 4). So, although
mowing significantly increased the number of
spikes per plant and the number of seeds per
branch and per spike, seed number per plant was
not significantly affected. This response was a
consequence of the negative effect mowing had on
the number of branches per plant.

Other studies have reported inconsistent results
on the effects of defoliation (i.e., mowing and
grazing) on the reproductive output of plant spe-
cies. In the legume shrub Stylosanthes hamata, a
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Days from mowing
FIG. 3. Change over time in the number of flowering
spikes per plant (mean + S5.E., n=7) fur twe
mowing intensities: mowed (open squares)
and unmowed (closed squares).
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FIG. 4. Box plot of the number of secds per plant for

two mowing intensities. For, each box plot

the middle point is the median, the box re-

presents the quartiles (25th and 75th per-

centiles), and the whisker is the range
(minimum and maximum values).

Unmowed
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single heavy grazing followed by mowing
(Wilaipin & Humphreys, 1976) or a defoliation to
13 cm (Fisher, 1973) significantly increased seed
yield. Also, grazing increased seed yield in Trifo-
lium subterraneum (Steiner & Grabe, 1986). Con-
versely, in the grasses Bouteloua gracilis (Coffin
& Lauvenroth, 1992) and Panicum virgatum
(George et al, 1990) and in the legume
Aeschynomene americana (Chaparro et al., 1991),
grazing significantly reduced seed production.

These contrasting results may be explained
both by the distinctive response to defoliation of
individual species and alse by the particular in-
tensity and frequency of defoliation used. So,
although a single and not intense defoliation may
increase reproductive output by removing apical
dominance, and, thus, by providing more sites for
the development of reproductive structures, a
more frequent and intense defoliation regime
could also be capable of contributing to the reduc-
tion of the available carbon and energy for the de-
velopment of reproductive structures. For exam-
ple, although in the study of Wilaipin &
Humphreys (1976) seed yield of 8. hamata was
increased by a single defoliation, in the same
study intermittent grazing and mowing decreased
seed yield of that species. In the present study the
defoliation regime was relatively not severe, and
simulated a common management observed in
pasture areas in the Brazilian Amazonia {Dias
Filho, 1990): a single manual or mechanical
mowing of Stachytarpheta, at the beginning of its
reproductive phase, followed by at least a four-
-month period without mowing. The results sug-
gested that fecundity in Stachytarpheta under this
regime is not ultimately affected, because mowed
plants had the ability to compensate for a signifi-
cant reduction in the number of branches, caused
by defoliation, by increasing the number of spikes
and seeds per branch. This compensatory devel-
opment of reproductive structures allowed mowed
Stachytarpheta to maintain seed output to a level
similar to that of unmowed plants.

CONCLUSIONS

This research has important pr’éctical implica-
tions for the management of Stachviarpheta in



HOW IS FECUNDITY AFFECTED BY MOWING

agricultural areas and to the knowledge of the bi-
ology of this species. It suggests that a single
mowing at the beginning of the reproductive
phase does not contribute to the control of
Stachytarpheta, as fecundity is not reduced. In
addition, the present results also indicate that
Stachytarpheta seems to be adapted to defoliation,
being able to compensate for this stress by increas-
ing the output of the remaining reproductive
structures. Finally, it could be hypothesized that
this species is capable of succeeding as a weed in
areas under this management system. Additional
studies are neceded to determine the effect of
mowing during other stages of Stachytarpheta de-
velopment. Furthermore, the effect of a more se-
vere defoliation regime, such as burning, on this
species’ fecundity needs to be assessed.
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