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Abstract

Variations in specific foliar mass and water content, nitrogen, soluble carbohydrates and tannins were studied during
the growth and maturation processes of the Xylopia aromatica leaves, to determine the effects of such alterations on
the herbivory of Stenoma scitiorella caterpillars. This work was carried out in the physiognomy of the typical cerrado
of the Parque Estadual de Vassununga, Gleba Pé-de Gigante, Santa Rita do Passa Quatro, Sdo Paulo State, Brazil.
While nutritional quality (water and nitrogen) decreases during expansion and maturation of Xylopia aromatica
leaves, the chemical (tannins) and physical (sclerophylly) defenses are raised. In agreement with the observations on
herbivory, the results support the hypothesis that the reduction in palatability and increase in chemical defenses of
Xylopia aromatica leaves account for the caterpillars’ preference for young expanding leaves.
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Crescimento foliar em Xylopia aromatica (Lam) Mart. (Annonaceae):
Implicacoes sobre a palatabilidade para lagartas de
Stenoma scitiorella Walker 1864 (Lepidoptera: Elachistidae)

Resumo

Com o objetivo de avaliar os efeitos do crescimento e do amadurecimento de folhas de Xylopia aromatica sob o ataque
de lagartas de Stenoma scitiorella, foram estudados a variacio da drea, massa foliar especifica, bem como os teores de
dgua, nitrogénio, hidratos de carbono e taninos durante estes processos. O trabalho foi desenvolvido numa fisionomia
de cerrado stricto sensu na Gleba Pé-de-Gigante do Parque Estadual de Vassununga, localizado no municipio de Santa
Rita do Passa Quatro, Estado de Sdo Paulo, Brasil. A expansdo e o amadurecimento das folhas de Xylopia aromatica
resultaram na reducdo da qualidade nutricional e no aumento de defesas quimicas e fisicas. Concordando com as ob-
servagdes realizadas sobre a herbivoria, os resultados permitem supor que a redugdo na palatabilidade das folhas pode
explicar a preferéncia das lagartas por folhas jovens ainda no inicio do processo de expansao.

Palavras-chave: Stenoma scitiorella, Xylopia aromatica, herbivoria, desenvolvimento foliar, cerrado.

1. Introduction

Studies on leaf production and growth, and their
effect on the action of folivores are very important in
understanding the dynamics of communities and the re-
lationships between herbivorous insects and their host
plants (Morais et al., 1995).

Leaf herbivory is one of the main forms of damage
to the plants, and is an important selective factor in the
evolution of plants (Marquis and Braker, 1994) by affect-
ing directly its photosynthetic performance.

Although the effects of herbivory on plants can some-
times be neutral or even positive, experimental evidence
reveals that herbivory results in the loss of nutrients and
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photosynthetic capacity, affecting the growth, reproduc-
tion and survival of plants (Kaitaniemi et al., 1999).

Experiments with simulated defoliation show that
young leaves make a larger contribution to the plant’s
photosynthetic performance than do the mature ones
(Coley and Barone, 1996). Previous studies reveal that
in most tropical species, expanding young leaves are
more heavily attacked by folivores than the mature
leaves (Coley and Kursar, 1996). Coley and Barone
(1996) determined that daily damage rates to young
leaves were from 5 to 25 times higher than to mature
leaves.
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In most terrestrial ecosystems already studied, the
fauna of herbivores tends to reach a higher density and
diversity whenever there are greater sources of young
leaves (Damman, 1987). Preference for young leaves by
herbivores is related to palatability and has detrimental
effects on leaf damage (Coley and Barone, 1996), be-
cause on ripened leaves, it is more difficult for herbiv-
ores to extract the nutrients they need from the plant tis-
sues (Aide and Londofio, 1989).

Herbivore preference for young leaves could be re-
lated to their higher rates of cellular division and growth
and the lack of a secondary lignified cell wall, which
makes them softer, facilitating their mastication and di-
gestion (Lowman and Box, 1983).

Indigestible components of the cell walls (lignins,
cellulose and hemicellulose) comprise 5 to 70% of the
dry matter of most plants, and cellulose alone may ac-
count for 20 to 40% t (Van-Soest, 1982).

Another aspect that can explain the preference of
herbivores for young leaves is their relatively high levels
of water and nitrogen, compared to mature leaves (Cates,
1980). Low levels of water can be one of the most dam-
aging factors to nourishment of herbivorous insects;
since water dilutes nutrients and increases conversion
efficiency, many insects demand larger amounts of water
in their food (Scriber and Slansky, 1981).

Relatively lower levels of nitrogen in adult leaves
can reduce their attack by folivorous insects, because
low nitrogen content in leaves may negatively affect their
rate of development and also increase the time during
which they are more susceptible to predation and parasit-
ism (Feeny, 1976).

If most of the damage caused by herbivory occurs
when the leaf is young and if that damage affects the
plants’ performance, it is important to understand how
young leaves are defended. Young leaves show a variety
of characteristics that reduce herbivory damages. Some
young leaves are more pubescent, containing larger con-
centrations of tannins and other secondary metabolites
than mature ones (Coley and Aide, 1991).

Several defense mechanisms are selected by plants in
response to the selective pressures of herbivores (Coley
and Barone, 1996). Therefore, insect host plant speciali-
zation depends on physiological or behavioral adapta-
tions to overcome the barriers imposed by plant species
against herbivory (Ribeiro and Fernandes, 2000), result-
ing in narrow host ranges among herbivorous insects.
This pattern was already described by Diniz and Morais
(1997) for the cerrado’s Lepidoptera species since 74%
of them occur on only one host plant family.

Barosela (1999) found that, among the 32 morpho-
species of chewing herbivores associated with leaves
of Xylopia aromatica, Stenoma scitiorella Walker
(Lepidoptera: Elachistidae), caterpillars were the most
frequent species. This insect is responsible for more
than 90% of leaf damage, feeding exclusively on young
leaves.

The aim of this work was to determine the effect
of physical (sclerophylly) and nutritional (water, nitro-
gen and carbohydrates) characteristics and secondary
metabolites (tannins) as defense mechanisms against
S. scitiorella caterpillars, during the growth and matura-
tion of X. aromatica leaves.

2. Material and Methods

Studies were carried out in the typical cerrado area
of the Gleba Pé-de Gigante, part of the six discontinu-
ous natural vegetation areas that comprise the Parque
Estadual de Vassununga, located in Santa Rita do Passa
Quatro, Sao Paulo State, Brazil. The regional climate
is tropical with two well-defined seasons: a dry season
from May to October and a wet season from November
to April (Batalha, 1997).

Xylopia aromatica (Lam.) Mart. (Annonaceae) is
an arboreal and very abundant species in the study area
(Batalha, op. cit.). It has a maximum average height of
6 m, with a distribution ranging from Central America to
Brazil, and is very common in cerrado areas (Oliveira-
Filho and Ratter, 1995). Preliminary phytochemistry
analyses of the leaves from this species revealed the
presence of saponins, tannins, alkaloids (Silva et al.,
1976) and essential oils (Fournier et al., 1994).

Stenoma scitiorella is a microlepidopteran spe-
cies, subfamily Stenomatinae. Females lay eggs on
X. aromatica leaf primordia, and after egg hatching,
caterpillars connect the adjacent young leaves with silk
threads, and take refuge inside shelter, feeding exclusive-
ly on internal leaves. Silk produced by the caterpillars
prevents the development of young leaves and promotes
their detachment. In that way, the attack of this insect
not only affects survival of the leaves used as a food re-
source, but also affects the adjacent young leaves which
are used in the construction of the shelters and in some
cases promotes the growth of branches by damaging the
apical meristem (Barosela, 1999). S. scitiorella caterpil-
lars are found exclusively on X. aromatica leaves (1. R.
Diniz, pers. comm.), and is responsible for most of the
damage caused by herbivores to this plant (Barosela,
op. cit.).

The growth and maturation of X. aromatica leaves
were observed during the rainy season, from December,
2000 to February, 2001. Thirty plants with a height be-
tween 1.5 and 2.0 m were selected for this study. Petioles
of 15 recently emerging leaf primordia from each plant
were marked with colored threads. Collections and ob-
servations were carried out every two days, until com-
plete expansion of the leaves, and afterwards, observa-
tion intervals were longer (7, 8, 5 and 11 days). On each
field trip, the number of leaves damaged by caterpillars
was recorded. In addition, four marked leaves per plant
were photographed using a digital camera and a scale.
Images of the leaves were used for the determination of
length, width and area by the SIARCS software, ver-
sion 3.0, developed by EMBRAPA (Leoni et al., 1997).
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Six samples of marked leaves were randomly col-
lected from all plants for measuring characteristics that
could affect their palatability: leaf specific mass and
contents of water, nitrogen, soluble carbohydrates and
tannins.

Leaf specific mass was measured using five disks of
a known area extracted from each collected leaf, which
were dehydrated and weighed. Leaf specific mass was
used to estimate leaf sclerophylly and calculated by the
formula: MAF = Ms/A, where MAF = dry mass per fo-
liar area, Ms = drymass (mg) and A = foliar area.

Other leaves were immediately weighed after col-
lection, and then taken to the laboratory and maintained
in a stove at 50 °C for 48 hours. Water content of the
leaves was obtained by the formula: [(Mf. Ms)/Mf].100,
where: Mf = fresh mass and Ms = dry mass. Contents
of nitrogen, soluble carbohydrates and tannins were de-
termined by Kjeldahl (Allen et al., 1974), Buysse and
Merckx (1993) and Hagerman and Butler (1978) meth-
ods, respectively. Each leaf field sample was analyzed
three times (laboratory replicates). Statistical evaluation
of the data was performed using SigmaStat software.

3. Results

Complete X. aromatica leaf growth, starting from
leaf primordia, took seven days (Figure la), and the
leaves reached 9.95 = 1.77 cm in length, 3.53 £ 0.61 cm
in width and an area of 24.52 = 7.74 cm? (N = 60).

Specific foliar mass increased after complete leaf ex-
pansion until the 15" day when it was around 10 mg.cm™
(Figure 1b).

Many marked X. aromatica leaves (34.0%) were
damaged in the first two days of expansion. In the third
and fourth days of expansion, only 9.09% of marked
leaves were damaged. No additional damage was ob-
served after the fifth day.

In X. aromatica, the content of water in young leaves
reached approximately 70%, decreasing to 60% after
complete expansion and maturation (Figure 1c).

During growth and maturation, the leaves of
X. aromatica also underwent alterations in nitrogen and
soluble carbohydrate contents. As with water content,
the amount of nitrogen was higher in the young leaves
than in the mature ones (Figure 2a).

Differently, the concentration of soluble carbohydrates
in the leaves of X. aromatica reached its maximum after
complete expansion. Later, it decreased by the 20" day
after complete expansion, and increased again by the
41* day. The lowest carbohydrate content was obtained
during expansion, and the highest content for leaves was
41 days after complete expansion (Figure 2b).

Tannin content increased after complete leaf expan-
sion and reached its maximum value on the 41% day
(Figure 2c¢).

Pearson’s correlation coefficient revealed correla-
tions between the variables studied (Table 1). There were
negative correlations between water content and SFM,
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Figure 1. Physical characteristics and water contents of
Xylopia aromatica (Annonaceae) leaves in different devel-
opmental stages at Gleba Pé-de-Gigante, Parque Estadual
de Vassununga. The abscissa is not uniform, and negative
and positive values indicate, respectively, days before and
after complete leaf expansion. Values are mean and when
followed by the same letter are not statistically different
(P < 0.05). Vertical bars indicate standard deviation. SFM =
specific foliar mass.

water and tannin contents, and between water and car-
bohydrate contents. Pearson correlation between nitro-
gen and SFM, and between nitrogen and tannin contents
were also negative. There were positive correlations be-
tween water and nitrogen contents and between tannin
content and SFM and between tannin and carbohydrate
contents.

4. Discussion

Differences in leaf specific foliar mass, an indica-
tion of the rate of sclerophylly in X. aromatica leaves,
were not significant during foliar expansion. However,
after the expansion there was an increase in dry matter
(Figure 1b). After leaf expansion of X. aromatica, an in-
crease in sclerophylly becomes a mechanical barrier for
potential herbivores, mainly those without physiologic
mechanisms or symbiotic associations that promote di-
gestion of the lignified wall, e.g. lepidopteran caterpil-
lars (Martin, 1983).
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One common strategy of insects that feed on plant
tissues with variable levels of nitrogen is the synchrony
of their life cycle and feeding periods with plant phe-
nology phases that show larger sources of nitrogen
in tissues (Kursar and Coley, 1991). This explains, in
part, why most damage occurs during the first days of
X. aromatica leaf expansion. However, it is possible that
differences in the levels of nitrogen between young and
mature leaves do not directly reflect differences in the
protein nutritional values of those leaves. Some studies
have suggested that nonprotein nitrogenous substances
predominate in rapidly maturing plant tissues such as
young leaves (Feeny, 1970).

After expansion, the reduction in photosynthetic
capacity may have reduced the levels of soluble carbo-
hydrates. As there is no recovery of the photosynthetic
capacity, the trend would be continuous reduction in
levels of soluble carbohydrates. However, the recorded
level by the 41% day after complete expansion, overcame
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Figure 2. Chemical characteristics of Xylopia aromatica
(Annonaceae) leaves in different developmental stages at
Gleba Pé-de-Gigante, Parque Estadual de Vassununga. The
abscissa is not uniform, and negative and positive values in-
dicate, respectively, days before and after complete leaf ex-
pansion. Values are means and when followed by the same
letter are not statistically different (P < 0.05). Vertical bars
indicate standard deviation.

all observed decreased values. It is possible that, after
the 20™ day of complete expansion, leaves start a process
of accumulating photosynthetic products. Even with low
productivity, soluble carbohydrates may reach high lev-
els. Accumulation of soluble carbohydrates in the foliar
tissues has been explained as a result of nutrient or nitro-
gen deficiencies (Bhat et al., 1979). Pearson correlation
between the levels of nitrogen and soluble carbohydrates
was negative and relatively high compared to other ana-
lyzed variables (Table 1) and, therefore, allows us to con-
sider this hypothesis.

Nutritionally, soluble carbohydrates constitute the
main source of energy for insects, but low levels of solu-
ble carbohydrates in young leaves of X. aromatica were
not detrimental to S. scitiorella caterpillar nourishment.
This is probably because some species of phytophagous
insects are able to substitute the carbohydrates of their
diets with certain amino acids or fats (Parra, 1991).
Another explanation is that the low levels of soluble car-
bohydrates are sufficient to supply the caloric needs of
this insect. Studies on nutritional ecology show that de-
spite similar qualitative demands, the concentrations and
proportions of nutrients affect herbivorous insect species
differently (Parra, op. cit.; Fischer and Fiedler, 2000).

The excess of carbohydrates in mature leaves may
lead to a strategy of the activation of synthetic pathways
for phenol substances, e.g., tannins, and of the increase
in sclerophylly to incorporate the excess carbon in both
chemical and physical defenses (Coley et al., 1985). This
hypothesis is supported by X. aromatica results, since
a higher correlation value was obtained for tannins and
specific foliar mass (Table 1).

Tannin content in X. aromatica leaves increased as
leaves matured, so that the highest concentrations of
these substances were found in older leaves. Low tannin
content recorded during the entire leaf expansion process
suggests that, due to the fast growth, young leaves use
all the available resources and photosynthesis products
in cellular multiplication and differentiation processes,
so that during growth, most of the secondary metabolic
pathways, including tannin synthesis, show low activity.
Increased tannin levels in X. aromatica after complete
expansion is probably an important protection for mature

Table 1. Pearson’s correlation coefficient between physical
and chemical variables analyzed in different developmental
stages of leaves of Xylopia aromatica (Annonaceae) from
Gleba Pé-de-Gigante, Parque Estadual de Vassununga,
Santa Rita do Passa Quatro, SP. (P < 0.05). SFM = specific
foliar mass.

Water SFM Tannins Nitrogen
Water - - - -
SFM -0.93 - - -
Tannins -0.95 097 - -
Nitrogen 0.75 -0.86 -0.85 -
Carbohydrates —-0.58  0.77 0.76 —0.85
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leaves, since tannins are efficient quantitative defenses
not only against herbivores, but also against microorgan-
isms.

Increase in tannin concentration observed during
X. aromatica leaf maturation, the abundance of this spe-
cies in the study area (Batalha, 1997), and the fact that
this species is a perennial foliar tree corroborate the ap-
parency hypothesis proposed by Feeny (1976). The latter
author considered that in apparent and predictable plants
and tissues, quantitative defenses are more common.

Finally, the growth process of X. aromatica leaves
promotes reduction in nutritional quality (water and ni-
trogen) and increase in the chemical (tannins) and physi-
cal (sclerophylly) defenses. Therefore, as leaves mature,
they loose characteristics that make them palatable to
S. scitiorella caterpillars.

Most of the damage to leaves of X. aromatica is
caused by S. scitiorella caterpillars, and these caterpil-
lars are most abundant during the rainy season, when this
plant species has the highest leaf production (Barosela,
1999). The main hypothesis of the evolution of the re-
productive behavior of holomethabolous insects sug-
gests that the appropriate choice of place for egg laying
is crucial to the survival and development of the larval
phase, mainly in view of its reduced mobility (Renwick,
1989). If S. scitiorella eggs are laid on leaves in ad-
vanced stage of expansion, caterpillars will be subjected
to the unfavorable conditions offered by mature leaves.
This way, the greatest damage to leaves in the first days
of expansion can reflect female egg laying preference by
this microlepidopteran species, in response to the altera-
tions observed in leaves of X. aromatica in different de-
velopmental stages.
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