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Abstract

Considerable research effort into Hypsipyla shoot borers has failed to produce effective methods
of control. However, the deployment of pest-resistant planting stock as a basis for managing these
pests has not been considered until recently. This paper reviews evidence for the existence of
different forms of resistance in Meliaceae to shoot borers, with particular emphasis on research
carried out in Costa Rica con resistance to Hypsipyla grandella Zeller in Cedrela odorata L. and
Swietenia macrophylla Jacq. This rescarch has shown that appreciable genetic variation in
resistance to attack by shoot borers occurs in these tree species. The basis for resistance appears
mainly to be tolerance, but variation in non-preference and antibiosis may also occur within
C. odorata. Strategies for future research are discussed and it is concluded that the best option for
successful shoot borer management lies in the deployment of resistant planting stock in silvi-
cultural or agroforestry systems that encourage natural biologic¢al control or otherwise minimise

the abundance and impact of shoot borers.

WITHIN the context of these Proceedings, the
Hypsipyla problem needs little introduction.
Mahogany shoot borer species, Hypsipyla grandella
Zeller in the neotropics and Hypsipyla robusta
Moore elsewhere, have severely restricted refores-
tation programs with Cedrela odorata L., Swietenia
macrophylla Jacq., Toona ciliata M. Roem., Khaya
ivorensis A. Chev. and other Meliaceae species
(Entwistle 1967; Newton et al. 1993a; Wagner et al.
1991; papers in these Proceedings). The larvae of
these pyralid moths destroy the terminal shoots of
the host plant by boring the pith, which results in a
highly branched tree of little economic value
(Newton et al. 1993a).
Considerable research effort into these

(Grijpma 1974; Whitmore 1976a, b) has failed to
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produce effective methods of control (Newton et al.

1993a). However, recent research on resistance to H.

grandella in C. odorata (Spanish cedar) and S. mac-

rophylla (American mahogany) has indicated that the
deployment of pest resistant planting stock could
form an effective basis for managing this shoot borer

(Newton et al. 1993b, 1996, 1998, 1999).

The aims of this paper are:

1) to discuss the ways in which plants may show
resistance to insect pests and the value of resist-
ance in pest management;

2) to describe research on resistance to shoot borers
in Meliaceae species, with particular reference to
recent work on resistance to H. grandella in C.
odorata and S. macrophylia; and

3) to discuss research priorities in the development
and deployment of resistance to mahogany shoot
borers.

Resistance to Insect Pests

Much has been written about resistance in plants to
insects and pathogens. Generally, three different
forms of resistance in plants to insect attack are
recognised (Painter 1951; Tingey 1981; Van Emden
1987):
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1) non-preference (or antixenosis), where a plant is
not preferred for colonisation, oviposition or
feeding by insect pests;

2) antibiosis, where insects on a plant take longer to
develop, suffer greater rates of mortality, grow
more slowly or produce less offspring;

3) tolerance, where a plant shows a tendency to
recover from insect attack.

Several aspects of resistance should be noted:
 All categories of resistance define phenomena that

are relative. A tree may be attacked by pests; these
pests may survive on that tree and that tree may
show signs of damage, but it may be resistant in
comparison to other individuals or provenances of
that tree species (or in comparison to other tree
species). Thus, resistance in a clone, family or
provenance may or may not be economically
acceptable to a farmer or forester.

¢ The above definitions are based on the insect-plant
relationship, the first two being defined by the
response of the insect and the third being defined
as the response of the plant. However, all forms of
resistance are caused by some plant property —
chemical, morphological or physiological. Thus, a
plant may demonstrate non-preference because of
leaf hairiness or the composition of the volatile
chemicals emitted by the plant; a plant may
demonstrate antibiosis because of leaf toughness or
the chemical composition of the plant; and a plant
may be tolerant because it grows vigorously or
because of its particular response to damage, e.g.
apical dominance.

¢ A plant may show different forms of resistance.
For example, plant factors that cause antibiosis
may also cause non-preference (Tingey 1981).

e Apparently, insignificant resistance may bring
about acceptable damage suppression in conjunc-
tion with other control methods such as biological
control (Van Emden and Wearing 1965).

* Insect pests and pathogens can evolve to overcome
plant resistance (Gould 1983). The identification
of resistance in plants must, therefore, be followed
by the formulation of a strategy, or strategies, to
fully exploit and conserve that resistance.

This paper concentrates on genetically-based
resistance in plants. However, as discussed else-
where (these Proceedings), plants may show resist-
ance in its widest sense in other ways too, including:
¢ phenological variation in non-preference, anti-

biosis and tolerance (Watt 1987);

* shade-induced antibiosis (Dudt and Shure 1994);

* fertiliser-induced antibiosis and tolerance (Kyto et
al. 1996);

* stress-induced antibiosis (Watt 1994);

* insect damage-induced antibiosis (Haukioja 1990).

These forms of resistance in plants mean that the
environment of a plant may be manipulated to the
detriment of insect pests (Hauxwell, Mayhew and
Newton, these Proceedings). However, the fact that
resistance to insect pests in its widest sense depends
upon so many factors means that genetically-based
resistance may be masked. Thus, studies on geneti-
cally-based resistance must include field trials estab-
lished with statistically sound designs across as wide
a range of growing conditions as possible.

To summarise, resistance in plants is a potentially
valuable means of managing insect pests. Several
forms of resistance occur and resistance has a variety
of underlying causes. Resistance may usefully be
combined with other approaches to pest management
and, indeed, given the possibility that resistance may
be overcome by pests, the deployment of resistance
with one or more other methods of pest control in a
pest management program is likely to be a much
more successful strategy than the use of resistant
plants alone. The next sections consider the extent to
which resistance may be used to manage shoot
borers.

Resistance to Hypsipyla Spp.

Newton et al. (1993a) reviewed published research
on resistance between and within Meliaceae species.
This is summarised below.

Although Hypsipyla spp. only attack Meliaceae
spp., most susceptible species are in the sub-family
Swietenioideae. Most Melioideae, including Guarea
spp., Melia spp. and other desirable timber tree
species, are not attacked by these shoot borers. It has
frequently been suggested that these, apparently
resistant, species are suitable plantation trees (e.g.
Grijpma 1976).

Within the Swietenioideae, exotic (non-native)
species have often been reported to be resistant to the
native species of Hypsipyla. There are reports that
the neotropical S. macrophylia has been successfully
established in plantations in Southeast Asia and the
south Pacific (Evans 1982) suggesting that S. macro-
phylla is susceptible to H. grandella but is resistant
to H. robusta. However, most reports from countries
in Asia, the Pacific and Africa in these Proceedings
show that S. macrophylla is susceptible to H.
robusta. Similarly, there are conflicting reports of
the susceptibility of the neotopical C. odorata to
H. robusta. This tree species is susceptible to H.
grandella and although plantations of this species
have been successfully grown in West Africa
(Atuahene, these Proceedings), there are reports of
damage caused by H. robusta to C. odorata in, for
example, Australia (Cameron and Jermyn 1991) and
Indonesia (Entwistle 1967). Reports on resistance to



H. grandella in Khaya spp. and Toona ciliata may be
more reliable. Khaya spp., which are attacked by H.
robusta in West Africa, have been successfully
grown in Latin America and the Caribbean (Motta
Maues, these Proceedings; Duarte et al. these Pro-
ceedings). Similarly, Toona ciliata, native to Asia
and the Pacific and susceptible to H. robusta, is
apparently resistant to H. grandella (Whitmore
1976).

It is still unclear which type, or types, of resist-
ance are operating in the cases where resistance does
occur but there is evidence to suggest that both non-
preference and antibiosis confer resistance to H.
grandella in T. ciliata (Roberts 1966; Grijpma and
Gara 1970; Grijpma and Roberts 1975). Although it
has been suggested that the biochemical basis for
resistance in T. ciliata may be alkaloids (Grijpma
1976), most research on the biochemical basis for
resistance to shoot borer attack in Meliaceae has con-
centrated on limonoids, many of which are powerful
insecticides and feeding deterrents (Kubo and
Klocke 1986). One limonoid in particular, cedrelone,
which is found in Toona and Cedrela, is a powerful
insect growth inhibitor (Kubo and Klocke 1986;
Koul and Isman 1992).

Although the evidence for resistance to shoot
borers in species planted out with their natural ranges
is more convincing for T. ciliata than other species,
it is notable that attempts to establish plantations of
this species have ended in failure (Sanchez et al.
1976), probably as a result of incompatability of the
tree species with local growing conditions (Newton
et al. 1993a). Clearly, the use of exotic Meliaceae, in
plantation monocultures at least, is not the answer to
the shoot borer problem

Despite the repeated suggestion that variation in
resistance to shoot borers may occur within
Meliaceae species (Roberts 1966; Grijpma 1976),
there have been few attempts to screen for genetic
variation in resistance. Some information on resist-
ance within C. odorata has, however, been obtained
from international provenance trials (Whitmore
1978; Chaplin 1980; McCarter 1986, 1988).
Although survival in these trials has usually been
poor and they have been heavily attacked by
Hypsipyla, a few provenances in these trials have
shown apparent resistance to shoot borer attack, in
each case tolerance through pronounced vigour and
the production of a new single strong leading shoot
after attack.

Thus, there is sufficient published information to
warrant a closer examination of the presence of
resistance to shoot borers within Meliaceae species.
It was considered that these earlier experiences justi-
fied a closer examination of the presence of resist-
ance to shoot borers within Meliaceae species. Such
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a study was launched in 1990 as a joint initiative of
ITE (Institute of Terrestrial Ecology, Edinburgh) and
CATIE (Tropical Agronomic Centre for Research
and Higher Education, Costa Rica).

Case study: resistance to H. grandella in
C. odorata and S. macrophylla

An investigation designed to assess the occurrence of
genetic variation in characteristics conferring pest
resistance in C. odorata and S. macrophylla by the
use of seedling screening trials was started in 1990 at
CATIE (Newton et al. 1995, 1996, 1998, 1999).

Seed of C. odorata was collected from trees in
four localities (provenances) in Costa Rica, namely
Carmona, Hojancha, Caiias, San Carlos and from one
locality in Trinidad. These trees were selected on the
basis of stem straightness and lack of forking. Seed
of S. macrophylla was obtained from bulked collec-
tions from five provenances, namely Haiti, Trinidad,
Honduras and two from Puerto Rico. Details of seed
origins and seedling establishment are given in
Newton et al. 1995.

Two field trials, screening C. odorata (25 families
divided equally between the five provenances) and S.
macrophylla respectively, were established at
CATIE, during February 1991 (Newton et al. 1995).
C. odorata trees were arranged by family in fully
randomised 5-tree row plots, in nine replicate blocks.
In the second trial, seedlings of S. macrophylla were
arranged in fully randomised square plots of 25 trees
in five replicate blocks.

Each tree in both experiments was assessed for the
incidence of shoot borer attack at 14-day intervals,
for 84 weeks from April 1991. Tree height was
measured after 26, 56 and 88 weeks. In addition, the
two experiments were asscssed after 141 and 177
weeks (C. odorata and S. macrophylla respectively)
for height to first branching and for the number of
damage loci, indicated by forking.

The results of these trials are fully described by
Newton et al. (1996, 1999). In summary, genetic
variation in height growth was recorded for both tree
species, differences between both provenances and
families tending to become more pronounced with
time. At the final assessments, C. odorata mean
height ranged from 183-501 cm in Hojancha and San
Carlos respectively (Figure 1) and S. macrophylia
provenance mean values ranged from 211-267 cm in
Dirici and Guajataca respectively. Genetic variation
in C. odorata phenology was also observed, particu-
larly with respect to leaf abscission during the dry
season, trees from San Carlos and Trinidad being
more heavily foliated than the other three prove-
nances. The majority of S. macrophylla trees pos-
sessed foliage throughout the experiment.
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Figure 1. The numbers of shoot borer attacks to different C. odorata families in 1991 (top) and 1992 (middle), and the total
number of damage loci resulting from attacks 1991-93, as assessed in 1993 (lower).

92



In C. odorata, two pronounced peaks in attack were attack was observed in S. macrophylia, in the second
observed, one each year (Newton et al. 1998) (Figure  year of the trial. The number of damage loci in C. odo-
2). At the first peak, the San Carlos provenance was  rata, assessed after 141-177 weeks, was significantly
least attacked, but thesc trees and those from the  affected by provenance. The mean number of damage
Trinidad provenance experienced the greatest number  loci per tree varied between 1.55-2.64 in Hojancha
of attacks during the second peak. A single peak of  and Trinidad respectively (Figure 2).

250

Height at first attack (cm)

Height at end of trial (cm)
g

100

Trinided San Carics Canas Carmona Hojancha

Figure 2. The height at which the first damaging shoot borer attack occurred in different C. odorata families (top), and the
total height in 1993 (lower).
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Thus, the results from the C. odorata trial were
particularly promising, indicating that the San Carlos
provenance, derived from the Atlantic zone of Costa
Rica, is highly distinctive in terms of leaf mor-
phology, growth and resistance to H. grandella. In
terms of resistance, San Carlos provenance trees
showed evidence of non-preference through a lower
incidence of shoot borer attack in the first year of
growth than trees from other provenances.

In addition, although San Carlos trees were
heavily attacked after their first year of growth, they
showed a greater degree of tolerance than other
provenances, having a lower number of damaging
attacks than expected for their height, and reaching a
greater height than other provenances before experi-
encing their first damaging attack. Trees from the
Trinidad provenance also demonstrated tolerance to
H. grandella attack but they did so by producing
several vigorously growing stems, whereas the San
Carlos trees tended to respond to attack by producing
a single main stem. The latter provenance therefore
demonstrated better apical dominance, an important
characteristic in the response of trees to pests such as
the mahogany shoot borers and a characteristic
which can be selected for in seedling decapitation
tests (Newton et al. 1995).

Antibiosis is difficult to demonstrate in field trials
such as this one. However, the fact that large
numbers of shoot borer attacks led to small numbers
of damaging attacks may have been due to antibiosis
as well as tolerance. That is, some of the attacks may
have been reduced in severity because of greater
larval mortality in the San Carlos trees. Support for
this possibility comes from the greater concentra-
tions of proanthocyanidins (condensed tannins) in
the foliage of San Carlos trees relative to trees from
other provenances (Newton et al. 1999).

Discussion

Recent research in Costa Rica (summarised above)
has shown that genetic variation in resistance to
attack by H. grandella occurs in C. odorata and S.
macrophylla, the results on the former tree species
being particularly promising. As with previous
provenance, trials, the basis for resistance appears to
be tolerance but this study has also demonstrated that
variation in non-preference and antibiosis may occur
within C. odorata.

These results should serve to encourage studies on
resistance to shoot borers in other Meliaceae, such as
Khaya spp. in West Africa. However, two points
should be emphasised. First, the recent research in
Costa Rica has been unique in combining regular
assessments of attack (similar to that carried out by
Yamazaki et al. 1990, 1992) with assessments of
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growth, form and damage. Future research should
also include assessments of both shoot borer attack
and the impact of that attack.

Second, as discussed above, resistance to insect
pests is a characteristic to be cherished and used to the
maximum effect. Thus, research on resistance should
go hand in hand with research on other potential
control methods so that resistant mahoganies once
identified can be deployed in an integrated manage-
ment strategy. We therefore agree with the conclusion
of Newton et al. (1993a) that the greatest potential for
successful management of shoot borers lies in incor-
porating resistant planting stock in appropriate silvi-
cultural or agroforestry systems. These systems
include those that encourage natural biological con-
trol by predators and parasitoids or otherwise reduce
the abundance and impact of shoot borers (Speight,
these Proceedings). We do not believe that effective
control will be achieved by a single method of con-
trolling shoot borers, be it silvicultural control, resist-
ance or any other method. An integrated approach is
strongly recommended.
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