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Plant species attractive to beneficial entomofauna
in oil palm (Elaeis guineensis Jacq.)
plantations in Costa Rica

INTRODUCTION

eed management on oil palm plantations
W is achieved through the use of herbicides

or by mechanical means. In terms of
beneficial entomofauna in the vegetation, manual
weed control has the advantage of allowing for
the renewal of aging or insect-defoliated tissue as
well as maintaining adequate microclimatic con-
ditions for the insect population. In some cases,
however, these practices may limit the insects’
supply of food (in the form of glandular secre-
tions or pollen), causing the migration of insects
to other areas with more readily-available food
supplies, or resulting in their death due to inani-
tion.

Manual control may also favor certain fast
growing species such as grasses and may change
the plant composition of a particular area, which,
at the same time, may cause changes in the make-
up of the community of natural enemies. Other
causes of large changes in plant populations may
include the use of herbicides, changes in soil
characteristics (e.g., compaction, flooding), sun-
light (crop growth), etc.

During the phenological development of the oil
palm, it can be seen that as shade conditions in-
crease due to leaf overlapping, ground cover
vegetative growth decreases. This situation causes
a reduction not only in the number of species but
also in the individuals of each species. Many
bushy melliferous species slowly disappear with

Ramon G. Mexzon' and Carlos Ml. Chinchilla®

the weeding process, as they are not able to re-
cover or compete with species adapted to the
shade.

With the reduction in melliferous vegetation,
natural enemy populations also decrease, and,
consequently, so do their control over the crop’s
phytophagous insect populations.

The entomofauna associated with oil palm varies
according to the age of the crop. Harmful insects
are scarce in young plantations, due to more sun-
light, less developed foliage, and the richness
(both in numbers and species) of natural enemies.
In adult palms, on the other hand, a microclimate
favoring an increase in the number of harmful
arthropods and a decrease in beneficial species is
created.

Within an oil palm plantation, phytophagous ar-
thropods encounter a high density of uniform
plants (genetically and nutritionally similar),
which provides appropriate conditions for their
multiplication and distribution. Outbreaks of pest
arthropods can be an acute or chronic problem.

The reasons for these increases in pest popula-
tions are not well understood. However, on
some occasions, the gradual increase in an insect
population until it reaches pest status can be
linked with one or more of the following factors:

e Drastic changes in the physical environment.
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e Genetic or physiological changes in individ-
ual organisms in the population.

e Trophic interactions between plants and her-
bivores or prey and predators.

e Qualitative or quantitative changes in the host
plants, caused by conditions of stress (water
deficit, flooding, nutritional imbalances,
etc.).

e Particular strategies in the life history of op-
portunistic insect species (strategy “r”).

e Escape of pest populations from the influence
of their natural enemies.

e Cooperation of various species to undermine
the defense systems of the host.

e Destruction of food sources and shelter for
natural enemies (Berryman 1987).

The aim of this paper is to provide information
about the plant species that form part of the asso-
ciated vegetation in oil palm plantations in Costa
Rica, in which beneficial insect species related to
the control of defoliating lepidopterous insect
species have been found.

Importance of the vegetation
associated with crops

The flora associated with the crop may represent
competition for space, nutrients, and sunlight,
with some species also providing refuge to pest
insects or pathogens and their vectors.  This
vegetation, however, also helps sustain the bene-
ficial entomofauna in which neutral phytophagous
insects, predators and parasitoids are found.
These arthropods feed on nectareal secretions
(intra- and extrafloral) wound exudates, pollen
and animal prey that they find in the vegetation
and which they need to achieve normal levels of
fertility and longevity.

The adult predators and parasitoids can survive
on nectar, pollen and sap when their animal hosts
are not available, either because their life cycles
are not in synchrony or because they are in scarce

supply. Thus, the weeds act as bridges between
hosts and natural enemies (Altieri 1983).

The nectarial secretions are rich in carbohydrates
like glucose, sucrose and fructose, as well as in
some essential aminoacids (Baker and Baker
1973); furthermore, pollen is rich in aminoacids
and may be an integral part of the insect diet
(Leius 1967, Altieri and Whitcomb 1979). Plants
also emit chemical signals (kairomones), which
are detected by the entomophagous insects that
migrate from the surrounding areas in search of
the habitat of their prey or hosts.

In plantation crops, complex vegetation can cre-
ate different microclimates, heterogeneous
chemical environments, and a complex structural
diversity, inhibiting the incidence of pests due to
the presence of numerous natural enemies (Ta-
hvanainen and Root 1972).

On the other hand, phytophagous insects can en-
counter difficulties in finding hosts in diverse
systems due to physical and chemical masking,
known as associative resistance. This is a possi-
ble reason for which plants of different species
joined in a vegetative mosaic sustain less damage
than if they were in homogeneous blocks of sin-
gle species (Tahvanainen and Root 1972).

Theory of insect-plant interaction

This theory, still under development, covers five
areas:

e The coevolution of insects and plants.
e The host plants as islands.
e Vegetative appearance.

e Predictability of resources vs. the evolution-
ary strategies of the insects.

e Natural enemies as part of the vegetative de-
fense against herbivores (Gilbert 1979, Price
et al. 1980).

Odum (1953), Mac Arthur (1955) and Elton
(1958) supported the hypothesis about stability
vs. diversity, which indicates that an increase in
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the diversity of species in ecosystem increases its
stability. The authors based their theory on the
criteria that a food chain made up of many spe-
cies is able to withstand more changes in the
abundance of individual species than a simple
chain. In this sense, the diversity of species is a
form of structural complexity that provides sta-
bility to the ecosystem.

A monocrop system limits vegetative diversity,
which reduces sources of food and shelter for
phytophagous organisms and natural enemies (De
Loach 1970), which, in turn, gives rise to in-
creased damage by insect pests.

These concepts have been applied to agriculture
by various researchers (Root 1973, Van Emden
& Williams 1974, Andow 1991), who noted that
herbivorous insects reached higher population
levels in simple agricultural systems than in di-
Verse ones.

The importance of plant structure

Plant structure also affects the diversity of species
and the relative abundance of individual organ-
isms. Plant structure has many components,
among which the principals are: size, growth
form, seasonal development and variety of vege-
tative parts and their persistence (Lawton 1983).
These components, individually or in combina-
tion, can influence the diversity of insect species.

Lawton & Schroeder (1977) and Strong & Levin
(1979) considered plant size to be an important
predictor of diversity. They recognized trees,
bushes and grasses as the three main groups that
differ in structural complexity and diversity of
associated insects. Plants in the early stages of
development house a lesser number of insect spe-
cies than those in later stages, with the exception
of senescent stages. Also, bushes with dense fo-
liage house a greater number of insect species
than plants with sparse foliage or with smaller
leaves (Mexz6n 1992).

The effects of plant structure on diversity have
also been explained through various hypotheses.

Hypothesis of size per se. Large plants house
greater total insect populations than small plants
over the same period of time. The intuitive belief
that size directly influences species diversity was
considered by Fenny (1976) in the appearance
hypothesis, which linked the concepts of size and
longevity of individual plants to the probability of
being discovered by herbivorous insects.

Hypothesis of diversity of resources. Plants with
a greater variety of resources house more her-
bivorous species than plants with fewer re-
sources. In that sense, plants with extrafloral
glands house more species or more insects than
plants with seasonal flowering (Mexzén 1992).
Diversity of resources includes among other
things:

Diversity of basic nutritional sites. The variety of
food available to insects in a specific vegetative
host affects the relative abundance of species as
well as the number of individual organisms in
each species. Many insects make use of very
specific parts of their hosts, such as the inside of
the stem or the mesophyll of the leaves; however,
hosts that flower abundantly over the course of
the year or that have extrafloral glands house
large insect populations.

Diversity of other resources. In addition to food,
herbivores also need places to lay eggs, take ref-
uge and rest. Considering this, trees and bushes
are more suitable than grasses. Some insects are
actually on the palms, living on the stem or in the
bryophytes covering it, while others live in the
vegetative species that cover the majority of the
area (e.g., Ipomoea spp., Pueraria phaseoloides
and Vitis sycioides).

Diversity of escape routes. The ability of a her-

bivorous or entomophagous insect to survive and
reproduce in a vegetative mass depends on the
availability of sufficient space free from the pres-
ence of enemies (predators or parasitoids). How-
ever, as there is no such thing as absolute refuge,
adaptations made to provide protection from one
species may result in vulnerability to another.
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Conditions to improve stability in organism
populations can be fostered with an increase in
plant diversity, which can be achieved through a
three-fold management system:

e The classes.
e The arrangement in space.

e The temporal overlap of the plants being
combined.

The classes are the different vegetative species
growing in an area, which may include:

e Two or more crops.
e A crop with weeds.

e A main crop with a cover crop (Andow
1991).

Vegetation associated with oil palm
plantations

In Costa Rica, between 1990 and 1992 more than
63 species of entomofauna-attracting plants were
identified. In descending order, the most impor-
tant species were in the families Asteraceae,
Euphorbiaceae, Leguminosae and Malvaceae.
The species with a complex leaf structure (some
cover plants and dense bushes, perennials, peri-
odically-flowering plants, and those with extraflo-
ral glands) were those attracting more insect
families, including: Byttneria aculeata, Cassia
tora, Cassia reticulata, Melanthera aspera, Scle-
ria melaleuca, Solanum jamaicense, Triunfetta
semitriloba, Urena lobata and Vitis sycioides.

The capacity of some of these plants to attract
various insect families seems to correspond to the
abundance and permanence of nutritional re-
sources. For example, some of these weeds have
glandular trichomes on their leaves (S. ja-
maicense), and nectaries in the junction of their
veins (M. aspera), on their veins (B. aculeata, U.
lobata), in their petioles (Spermacoce spp., Span-
anthe paniculata), leaf rachis (Cassia tora), fruit
(S. melaleuca), and modified stipules (Cassia re-
ticulata).

In a study of the interactions of visiting insect
families to 37 plant species, important links be-
tween insects and the degree of complexity of
plant structure were found. The main groups of
phytophagous insects were sap-feeders (Hemip-
tera and Homoptera), leaf-feeders (mainly Cole-
optera) and sap- and pollen-feeders (Diptera),
which were found mainly in weeds of complex
leaf structure such as small bushes and legumi-
nous cover crops (Mexzén 1997).

The predators followed the distribution of their
prey, such as hemipterans and homopterans in the
foliage and flies in the flowers. The parasitoids
fed on nectar and gland secretions, forming a
compact group associated with the nectaries of
plants showing a complex leaf structure. The
most abundant species were in the Braconidae,
Chalcididae and Ichneumonidae families. There
was a close relationship between structural com-
plexity and the abundance of insects: weeds with
a simple leaf structure housed a lesser number of
insect families compared to those with a complex
leaf structure (Tables 1 and 2).

In another study, when four habitats were com-
pared (kudzu, kudzu + wide-leafed weeds,
broad-leafed weeds, and grasses), it was found
that the broad-leaf weeds and kudzu + broad-leaf
weed habitats had a greater number of predator
and parasitoid species than the grasses (Table 3).

Phytophagous arthropods and their
natural enemies

Most insect pests in oil palm are defoliating lepi-
dopterans such, as Oiketicus kirbyi Guilding, Op-
siphanes cassina F., Sibine megasomoides
Walker (=(Acharia hyperoche Dognin), Stenoma
cecropia Meyrick, Euprosterna eleasa Dyar and
Natada pos. michorta Dyar (Mexz6n and Chin-
chilla 1992). These species rarely flourish on
young plantations due to the abundant entomo-
phagous fauna. In adult palms, however, signifi-
cant defoliations may occur, which are associated
with the scarcity of natural enemies (Genty 1989;
Mexzén 1994b).
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Many beneficial insects live in the ground vege-
tation associated with oil palm plantations (Del-
vare & Genty 1992; Mexzon 1992; Mexzén &
Chinchilla 1992) and other palms such as the
peach palm (Bactris gasipaes) (Mexzén 1997).
Many insects are bugs of the Pentatomidae family
and parasitoid wasps (Table 4). The bugs Al-
caeorrhynchus grandis Dallas and Podisus sp. are
common in the kudzu where they prey on other
insects, larvae of butterflies such as Anticarsia
gemmatalis (Hubner) and Estigmene acrea Druce,
and beetles.

During population increases of A. hyperoche, O.
cassina and S. cecropia in Costa Rica, nymph
and adult bugs of the Pentatomidae family A.
grandis, Mormidea sp. and Podisus spp. were
seen preying on the larvae of these butterflies.

Various species of the genera Brachymeria,
Conura, Cotesia, Digonogastra, Horismenus and
others were seen feeding on the vegetation. Del-
vare & Genty (1992) found these wasps associ-
ated with weeds in the families Asteraceae, Cy-
peraceae, Euphorbiaceae, Malvaceae, Solanaceae
and Verbenaceae on plantations in Colombia and
Ecuador. A similar situation was seen in Costa
Rica (Mexzén & Chinchilla 1990a, 1990b, 1992,
Mexzon 1992).

In order for there to be stability in the entomo-
phagous arthropods on a plantation, there must be
appropriate conditions for their establishment,
such as availability of nutritional resources,
places of refuge, and appropriate microclimatic
conditions. These conditions can be met by little-
disturbed areas of vegetation where populations
can stabilize over time.
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Table 1. Number of insect families visiting 20 plant species associated with oil palm plantations
Cuadro 1. Numero de familias de insectos visitantes de 20 especies vegetales asociadas a palma aceitera

No. of

Plant species | families Characteristics

Especies No. de Caracteristicas

vegetales familias

Blechem erect median weed, no seasonal, dense foliage, with seasonal flowering.

brownei 9 hierba mediana erecta, no estacional, follaje denso, con floracion estacional .

Eclipta alba small weed, prostrate, seasonal, with scarce foliage, with abundant flowering

? hierba pequeria, postrada, estacional, con follaje escaso, con abundante Sfloracion.

Justicia erect median weed, no seasonal, foliage little dense, with abundant flowering

comata 11 hierba mediana erecta, no estacional, follaje poco denso, con abundante floracion.

Chamaesyce erect small weed, no seasonal, scarce foliage, with abundant flowering

hyssopiifolia 14 hierba pequeria erecta, no estacional, follaje escaso, con abundante floracion .

Chamaesyce small weed, prostrate, no seasonal, foliage little dense, with abundant flowering

hirta 15 hierba pequeria, postrada, no estacional, follaje poco denso, con abundante floracion

Cassia 18 small tree, perennial, dense foliage, with extrafloral glands

reticulata arbolito, perenne, follaje denso, con glandulas extraflorales

Solanum weed, annual, erect, seasonal, foliage little dense, with glanded tricoms

americanum L& hierba, anual, erecta, estacional, follaje poco denso, con tricomas glandulosos

Amarantus 19 high weed, annual, foliage little dense, abundant flowering

spinosus hierba alta, anual, follaje poco denso, abundante floracion

Crotalaria perennial shrub, dense foliage, with glands in seed capsules, abundant flowering

guatemalensis 19 |arbusto perenne, follaje denso, con gldndulas en cdpsulas de semillas, floracion
abundante

Scleria weed, perennial, sparse foliage, with extrafloral glands in the aquenios, permanent

melaleuca 20 fructification
hierba, perenne, follaje ralo, con gldndulas extraflorales en los aquenios, fructificacion
permanente

Baltimora high weed, annual, seasonal, dense foliage, with extrafloral glands and abundant flowering|

recta 21 hierba alta, anual, estacional, follaje denso, con glandulas extraflorales y abundante
floracion

Lantana 2 high shrub, perennial, dense foliage, with abundant flowering

camara arbusto alto, perenne, follaje denso, con abundante floracion

Ageratum 24 small weed, annual, foliage little dense, with abundant flowering

conyzoides hierba pequefia, anual, follaje poco denso, con abundante floracion

Senna median shrub, prennial, dense foliage, with estrafloral glands and seasonal flowering

stenocarpoides 26 arbusto mediano, perenne, follaje denso, con glindulas extraflorales y floracion
estacional .

Solanum 2 postrate weed, perennial, dense foliage, with glanded tricoms

jamaicense hierba postrada, perenne, follaje denso, con tricomas glandulosos .

Desmodium median shrub, prostrate, perennial, with dense foliage, with seasonal flowering

ovaliofolium 21 arbusto mediano, postrado, perenne, con follaje denso, con floracion estacional .

Triunfetta 29 high shrub, perennial, with dense foliage, with extrafloral glands

semitriloba arbusto alto, perenne, con follaje denso, con gldndulas extraflorales .

Cassia tora 30 prostrate shrub, perennial, dense foliage with extrafloral glands
arbusto postrado, perenne, follaje denso con gldndulas extraflorales .

Pueraria 31 median shrub, prostrate, perennial, with dense foliage, with seasonal flowering

haseoloides arbusto mediano, postrado, perenne, con follaje denso, con floracion estacional .

%Jrena lobata 34 high shrub, perennial, dense foliage, with glands

arbusto alto, perenne, follaje denso, con glandulas .







