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ABSTRACT

The aim of present study was to evaluate the effects of the sooty mold on anatomy and
photochemical activity of mahogany (Swietenia macrophylla) leaves. The photochemical features of shade-
developed leaves with or without sooty mold were compared to those of sun leaves using chlorophyll a
fluorescence measurements. Leaf anatomy was also evaluated using conventional techniques. The degree
of blockage of the photosynthetic active photon flux density (PPFD) by sooty mold and its effect on
photochemistry were evaluated. Sun leaves showed thick mesophyll with palisade parenchyma disposed
in a uniseriate layer, whereas shade leaves showed narrow mesophyll, independently of sooty mold
presence. The effective quantum yield (∆F/Fm’) and the apparent electron transport rate (ETR) of sun
leaves were higher than those of shade leaves. The values of ETR suggested that photochemistry saturation
occurred at lower PPFD in shade-grown plants. Lower values of the ∆F/Fm’ and, consequently, lower
values of ETR were observed in leaves with sooty mold. A reduction of 40% of the incident light was
seen due to physical blockage by sooty mold which is presumably responsible for an additional decrease
of ETR values. Our data indicated that sooty mold did not directly damage the leaf, but reduce leaf
photochemistry capacity, by decreasing light availability.
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RESUMO

EFEITOS DA FUMAGINA SOBRE A FOTOSSÍNTESE E A ESTRUTURA DO MESOFILO DE MOGNO

O objetivo do presente estudo foi avaliar os efeitos da fumagina na anatomia e a atividade
fotoquímica em folhas de mogno (Swietenia macrophylla King., Meliaceae). Folhas com e sem fumagina
desenvolvidas na sombra foram comparadas com as de folhas de sol, para verificar as diferenças em
parâmetros fotoquímicos utilizando-se medidas de fluorescência. As amostras de folhas destinadas a
estudos anatômicos foram processadas segundo técnicas convencionais. A intensidade de bloqueio da
radiação densidade de fótons fotossinteticamente ativos (DFFA) pela fumagina e seu efeito sobre a
atividade fotoquímica foram avaliados. As folhas de sol têm mesofilo espesso e parênquima paliçádico
unisseriado enquanto nas folhas de sombra o mesofilo é delgado, independentemente da presença ou
não de fumagina. O rendimento quântico efetivo  (∆F/Fm‘) e a taxa aparente de transporte de elétrons
(ETR) das folhas de sol foram superiores às das folhas de sombra. Os valores de ETR sugerem que, nas
plantas crescidas na sombra, a saturação da atividade fotoquímica ocorre em menores valores de DFFA.
Observaram-se menores valores de ∆F/Fm‘ nas folhas com fumagina e, conseqüentemente menores valores
de ETR. A presença de fumagina promoveu bloqueio de 40% na luz incidente e, conseqüentemente,
presume-se um decréscimo adicional nos valores de ETR. Pelos dados, verifica-se que a presença de
fumagina não promoveu danos diretos nas folhas, mas reduz a capacidade fotoquímica por diminuir a
disponibilidade de luz.

Palavras-chave: anatomia foliar, atividade fotoquímica, fluorescência da clorofila.
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mycelia were compared to those of sun leaves to
determine the differences in the photochemical
parameters by chlorophyll a fluorescence.

2. MATERIAL AND METHODS

Seeds of Swietenia macrophylla were collected
from plants growing at the Universidade Federal de
Minas Gerais (UFMG) campus, Minas Gerais State,
Brazil. After germination, seedlings were transferred
to plastic bags containing 3kg of loamy soil, and were
maintained under shade conditions given by tree
canopies. For comparative analysis some seedlings
were maintained in full sunlight conditions. For eight
months, the seedlings were regularly supplied with
water and 100 mL of half-strength Hoagland solution.
During the wet season, intense and spontaneous
development of sooty mold on leaf surfaces was
observed. At this time, leaflets were collected for
anatomical studies, and photosynthetic and light
transmission measurements were performed.

For anatomical studies, samples from the
central portion of mature leaflets were taken in shade
(with and without sooty mold) and full-sunlight-
exposed seedlings. Fresh hand-cut sections were
obtained, double-stained with safranin-astrablue
(BUKATSCH, 1972), and photographed on an Olympus
BH-2 light microscope. Leaves of sun seedlings were
fixed in FAA50 (JOHANSEN, 1940), embedded in glycol-
methacrylate, sectioned (10 mm) in a rotatory
microtome, and stained with Toluidin Blue (O’BRIEN

et al., 1964).

Measurements of chlorophyll a fluorescence
were performed using a portable chlorophyll
fluorometer (Walz) on one leaflet per seedling. Light
response curves were obtained using the light curve
program of the instrument. Actinic light on leaves was
increased up to ca. 2.500 µmol.m-2.s-1 during 4 minutes
in 8 steps of 30 seconds each. At each level of light
supplied by the instrument, a saturation pulse was
applied and chlorophyll fluorescence parameters
recorded. The effective quantum yield was given as
∆F/Fm’ = (Fm’ - F)/Fm’, where F is the steady-state
chlorophyll fluorescence yield of light-adapted leaves
and Fm’ the maximum chlorophyll fluorescence
caused by the saturation pulse. The apparent electron
transport rate was performed according to KRALL e
EDWARDS (1992), ETR= (∆F/Fm’) x. PPFD x 0.5 x 0.84,
where 0.5 was used as the fraction of excitation energy
distributed to PSII, PPFD the incident photosynthetic
photon flux, and 0.84 was used as the fractional light
absorbance (SCHREIBER et al. 1995). As pointed out by

1. INTRODUCTION

The growth of fungal mycelium on a leaf
surface in a non-parasitic relationship is a common
type of epiphytic life. Sooty mold, a capnodiaceous
ascomycete, belongs to the Capnodiales, a
monophyletic saprophytic group of fungi
characterized by folicolous habit and darkly
pigmented hyphae that grow on adaxial leaf surface
(REYNOLDS, 1998).

The accumulation of fungal mat on the
adaxial surface does not cause physical lesion to the
leaf,  but has the potential to reduce sunlight
penetration and suppress photosynthesis (WOOD et al.,
1988). In pecan leaves, TEDDERS e SMITH (1976) showed
that sooty mold reduces light transmission by 25%.
The deleterious effect of sooty mold seems to result
from leaf shading, through reduction of
photosynthetic capacity and premature leaf abscision
(SPARKS e YATES, 1991). In an evaluation of the effects of
heavy sooty mold on light penetration and photosynthesis
of pecan leaves, WOOD et al. (1988) observed a 70%
suppression on net photosynthesis due to a blockage of
photosynthetically active radiation (PAR).

Many plant species develop anatomically
distinct leaves in response to different light
availability (VOGELMANN e MARTIN, 1993; STRAUSS-
DEBENEDETTI e BERLYN, 1994), which may result in the
so-called sun and shade leaves (CUTTER, 1978). In
Tradescantia pallida leaves, PAIVA et al. (2003) described
high anatomical and physiological plasticity due to
light intensity variations. However, studies on the
effects of light intensity on mahogany leaf structure
are not available in literature.

Swietenia species, especially the Brazilian
mahogany (Swietenia macrophylla) is well known for
their wood quality (PENNINGTON et al., 1981). It was once
a common species of canopy tree in both wet and dry
forests of the neotropics but it has been subjected to
heavy logging (GERHARD e FREDRIKSSON, 1995) that has
brought increased risk of extinction (Barbosa, 1992).

Considering that studies on sooty mold
impact on leaf structure and function were basically
restricted to agricultural species, in the present study
we investigate the effects of sooty mold in Swietenia
macrophylla King. (mahogany), an Amazonian tree
species, in order to evaluate the effects of sooty mold
on leaf photochemistry and structure. The effects of
sooty mold on leaf anatomy, light transmission, and
photochemical capacity were studied. The features of
shade-developed leaves with or without fungal
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LUTTGE et al. (1998), due to the short time of light
exposure at each step during the measurements, the
correct absolute values of ETR were not obtained, but
comparative assessments of the performance of leaves
within a short time interval are possible in this way.

The degree of photosynthetically active
radiation (PAR) blockage by sooty mold was evaluated
in four seedlings by measuring light transmission
through leaflets. Leaflets with sooty mold were
collected and immediately submitted to different
incident photosynthetic photon flux densities (PPFD)
supplied by a halogen lamp (light source model
2050H, Walz). The incident and transmitted light
through the leaflet blade were measured using a LI-
190 quantum sensor (Li-Cor). Fungal mycelium was
removed with humid wool and light transmission was
measured again, in the same leaflets.

3. RESULTS AND DISCUSSION

Seedlings of S. macrophylla growing in shade
conditions showed sooty mold hyphae distributed on
the leaf adaxial surface. These hyphae enter neither
the epidermal nor the mesophyll cells (Figure 1A).
Sooty mold was observed only in fresh hand-cut
preparations, once they were removed from the leaf
surface by the other techniques used for anatomical
studies.

Sun leaves showed thicker mesophyll (ca. 600
mm) with larger uniseriate palisade cells than shade
leaves (Figure 1B). Shade leaves, with and without
sooty mold, showed similar height, but narrower
uniseriate palisade parenchyma in relation to sun
ones (Figure 1A and C). In the present study, a strong
structural difference between sun and shade leaves
was evident. On the other hand, no anatomical
differences were observed between shade leaves with
and without sooty mold. The effects of light intensity
variation on leaf anatomical structure may be intense
only if leaves are exposed to different light levels
during the differentiation phase (CUTTER, 1978; PAIVA

et al., 2003). As spontaneous development of the sooty
mold occurred just after leaves had reached their final
structure, the reduction of transmitted light caused by
sooty mold did not affect leaf structure.

The effective quantum yield (∆F/Fm’) and
consequently the apparent electron transport rate
(ETR) of sun leaves (Figure 2) were higher than that
of shade leaves (Figure 3), independently of the sooty
mold presence. It was observed that the saturation of
the ETR of shade leaves occurred at a lower level of
PPFD (ca. 500 µmol.m-2 s-1), when compared to sun
leaves (ca.1000 µmol m-2 s-1). There was also a

significant difference between values of the ∆F/Fm’
of leaves with or without sooty mold (Figure 3A). At
around 300 µmol.m-2 s-1 of PPFD the values of ∆F/
Fm’ were lower in leaves with sooty mold in relation
to healthy ones, respectively 0.112 ± 0.02 and 0.194 ±
0.01 (t = 7.260, p=0.0003). As consequence of the lower
∆F/Fm’ values, leaves with sooty mold showed also
lower values of ETR with the maximum values of 28.4
± 1.1 µmol.m-2s-1 in healthy leaflets and 15.5 ± 2.7
µmol.m-2 s-1 in leaflets with sooty mold (Figure 3B).

Figure 1. Transverse sections of S. macrophylla leaf. 1) detail
of shade leaf with sooty mold. Arrow indicate hyphal
presence on adaxial surface. 2) sun leaf without sooty
mold. 3) shade leaf without sooty mold. (bar = 25 µm).
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Figure 2. Light response curve of effective quantum yield (∆F/Fm’) (A) and apparent electron transport rate (ETR) (B)
measured on sun-adapted S. macrophylla leaves.
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Figure 3. Light response curve of effective quantum yield (∆/Fm') (A) and apparent electron transport rate (ETR) (B)
measured on shade-adapted S. macrophylla leaves with (closed symbols) or without (open symbols) sooty mold.
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Light transmitted through the leaf blade
increased significantly when the sooty mold was
removed from mahogany leaflets (Figure 4). Under an
incident photosynthetic photon flux density (PPFD)
of 800 µmol.m-2 s-1, the transmitted light increased
from 30.4 ± 4.7 to 51.3 ± 4.7 µmol.m-2 s-1, and under
1.600 µmol.m-2 s-1, it increased from 59.5 ± 1.7 to 106.4
± 16.6 µmol.m-2 s-1.

sphere, but is generally not practical to measure
(MAXWELL e JOHNSON, 2000). In the present study, the
absorption of 84% of the incident light was used for
the computation of the ETR, considering no significant
changes on the leaf light reflectance due the sooty
mold presence. The data show on figure 4 permit us
infer that the most significant effect of fungi mycelium
was the blockage of the incident light, thus reducing
the absorbed light. As a consequence, the recorded
values of the PPFD in the light curves (Figure 3) do
not represent the real values of the incident light due
the presence of the sooty mold, and thus, the ETR
values would be reevaluated considering a decrease
of approximately 40% of the effective incident light.
Thus, the initial maximum values of ETR of 15.5
µmol.m-2 s-1 decreases significantly to 9.3 µmol.m-2 s-

1 showing the deleterious effects of the sooty mold
presence.

The efficiency of the photosystem II
photochemistry of sun leaves of S. macrophylla trees
was higher than those of shade leaves, independently
of the presence of the sooty mold. However the light
level for saturating the ETR values for sun mahogany
leaves were lower in relation to the observed for three
typical cerrado species by LEMOS FILHO (2000), which
showed ETR saturation at about 1.500 mol.m-2 s-1.
This differential response to light was possibly related
to the natural distinct environment of the studied
species – Cerrado and Amazonian rainforest. In
Cerrado, the canopy is typically discontinuous, and
the low leaf area index (LAI) values, around 1 in the
wet season (MIRANDA et al. ,  1997),  allow high
understory light availability. On the other hand, in
the natural environment of S. macrophylla ,  the
Amazonian rainforest, the canopy is dense with LAI
varying from 5.2 to 7.5 (MCWILLIAM et al., 1993),
which results in low light availability below the
forest canopy. However, light saturation values of
mahogany shade leaves, measured in this study,
were similar to those described by BJÖRKMAN e
DEMMIG-ADAMS (1995) for Oxalis  oregana grown
under deep shade.

The significant difference between shade and
sun leaves of mahogany in relation to light saturation
of ETR suggests an adaptation capacity to survive
under differential light regimes. According to BRIEZA

JUNIOR e SÁ (1994), S. macrophylla is a heliophyte
species that can tolerate moderate light levels and
whose seedlings can survive under tree canopies,
exhibiting low growth rates. This shade adaptation
capacity probably results from a low light saturation
point, as demonstrated by LEMOS FILHO e DUARTE

(1998) for mahogany seedlings grown under deep
shade conditions.
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Figure 4. Incident and transmitted photosynthetic photon
flux density (PPFD) on S. macrophylla leaves with (closed
symbols) or without (open symbols) sooty mold.

The sooty mold on mahogany leaf surface
promoted a light blockage of more than 40%, which
was in agreement with the data presented by several
authors (GUSMAN e HART, 1974; TEDDERS e SMITH, 1976,
WOOD et al., 1988). An evaluation of different levels
of sooty mold on the light transmission on pecan
leaves (WOOD et al., 1988) showed that a medium mold
level reduced at about 24% the PPFD-transmission,
while heavy and extra heavy levels reduced 76% and
98% of transmitted PPFD respectively. The authors
reported that these reductions were essentially similar
at wavelengths between 400 and 700 nm, and so sooty
mold density deposition appeared to be acting like a
neutral filter.

The photochemical activity is dependent on
the light absorbed by leaves and this aspect should
be considered in the evaluation of the apparent
electron transport rate (ETR). The measurement of light
absorption by leaves is possible using an integrating
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Our data showed that sooty mold presence
substantially reduced the values of the maximum
electron transport rate (ETRmax), and this reduction
corresponded to lower values of the (∆F/Fm’). Due
to the reduction of light absorption by the fungal
mycelium on the adaxial leaf surface, an additional
decrease of ETR values would be expected. WOOD

et al (1988) also described a deleterious effect of
medium and heavy sooty mold covering on pecan
leaves on net photosynthesis ranging from 21% to
64% and from 37% to 69%, respectively.

The sooty mold presence in S. macrophylla
did not directly damage the leaflets, but the negative
effects of sooty mold appeared to be derived from
leaf shading, thereby reducing leaf photosynthetic
capacity. As S. macrophylla  is a species whose
seedlings survive under forest canopy, the reduction
of photochemical capacity by sooty mold can cause
damage to the initial growth.

4. CONCLUSIONS

1.  Sooty mold presence did not affect leaf
structure of S. macrophylla.

2. The photochemical performance of sun
leaves of S. macrophylla trees, indicated by chlorophyll
fluorescence parameters was higher than that observed
on shade leaves.

3.  Sooty mold presence on S. macrophylla
leaves constitutes a barrier to the light incidence on
mesophyll and consequently, reduces the
photochemical activity.
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