South African Journal of Botany 87 (2013) 129-133

. . . : : =
-9
Contents lists available at SciVerse ScienceDirect SOUTH AFRICAN

South African Journal of Botany

journal homepage: www.elsevier.com/locate/sajb

Short communication

Consistent variation in seed germination across an environmental
gradient in a Neotropical savanna

@ CrossMark

N.M. Sales ?, F. Pérez-Garcia °, F.A.O. Silveira *

2 Faculdade de Ciéncias Bioldgicas e da Satide, Centro Universitdrio UNA, Minas Gerais, Brazil
b Departamento de Biologia Vegetal, E.U.LT. Agricola, Universidad Politécnica de Madrid, Ciudad Universitaria s/n, 28040 Madrid, Spain
¢ Departamento de Botdnica, Instituto de Ciéncias Biologicas, Universidade Federal de Minas Gerais, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 2 November 2012

Received in revised form 10 March 2013
Accepted 3 April 2013

Available online 17 May 2013

Environmental conditions experienced by mother plants determine germination patterns. Here, we investi-
gated the germination ecology of Miconia albicans (Melastomataceae), a widespread apomictic shrub, along
a soil fertility gradient in the Brazilian Cerrado (a Neotropical savanna). The mosaic of vegetations in the
Cerrado ranges from grasslands to woodlands, which present different conditions for seedling establishment.
Cerrado grasslands are a more unpredictable environment because they are more prone to disturbances such
as fires and prolonged droughts than closed woodlands. We expect lower reproductive investment but in-
creasing germinability, germination speed and synchrony in areas with more dense vegetation, due to
prolonged droughts in grasslands and higher soil properties in woodlands. Seeds of M. albicans were collected
in grasslands, shrublands and woodlands for three years in a Cerrado area in southeastern Brazil. Seeds col-
lected in all vegetations were set to germinate under identical experimental conditions. According to our pre-
diction, we found a consistent pattern of increasing germinability, mean germination time and synchrony in
areas with more closed vegetation. Both slower and asynchronous germination in seeds from grassland
plants are likely to increase seedling survival under a more unpredictable environment. On the other hand,
seeds from plants in the woodlands germinated at higher rates and germination was more synchronous,
thus increases the chances of survival under a more competitive light-limited environment. This pattern
was found in all three years of study. Our study suggests that stressful environmental conditions experienced
by mother plants in the Cerrado may act as cues signalizing unfavourable conditions for seed germination
and help explain functional divergence in germination traits within species. In conclusion, we showed for
the first time a temporally consistent pattern of intraspecific variation in the germination traits of M. albicans,
with different germination strategies at the extremes of the ecological gradient.
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1. Introduction between germination traits and environmental conditions is thought

to have an adaptive value (Luzuriaga et al., 2006; Schmuths et al., 2006).

Intraspecific variation in seed size, dormancy and germination is
widely recognised in natural communities and in crop species (Baskin
and Baskin, 1998). Plant populations of the same species vary in germi-
nation percentages (germinability), germination timing, responses to
light and the degree of dormancy, among other seed traits (Anderson
and Milberg, 1998; Qaderi et al, 2005; Pérez-Garcia et al, 2006;
Pérez-Garcia, 2009). Both biotic and abiotic conditions experienced by
mother-plants during seed maturation dramatically affect the pheno-
type of the offspring (Roach and Wulff, 1987), and consequently, seed
germination varies with plant size, fruit position, years of seed produc-
tion, and within and among populations (Anderson and Milberg, 1998).
Much of the intraspecific variation in seed germination has been attrib-
uted to maternal effects (Roach and Wulff, 1987; Qaderi and Cavers,
2002; Luzuriaga et al., 2006; Kagaya et al,, 2010), and a correlation
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Environmental heterogeneity is a remarkable characteristic of the
Neotropical savannas of Central Brazil (Cerrado). The Cerrado is a bio-
diversity hotspot where the typical landscape consists of a mosaic of
vegetations differing in the continuity of both herbaceous and woody
layers (Oliveira-Filho and Ratter, 2002). Vegetations range from grass-
lands to woodlands and usually differ in canopy cover, tree density,
diversity and height, basal area, and life-history strategies (Oliveira-
Filho and Ratter, 2002; Salazar et al., 2011). The open grasslands are
composed of a continuous herbaceous layer whereas the woody flora
is represented by small-sized, tortuous and scattered shrubs. At the
opposite extreme of this continuum, the closed, dense canopy of wood-
lands prevents the formation of an uninterrupted herbaceous layer. This
complex vegetation mosaic is controlled by abiotic factors including
climate, soil properties, fire regime, groundwater depth and topography
(Oliveira-Filho and Ratter, 2002; Assis et al., 2011; Rossatto et al., 2012).
The seasonal Cerrados in Central Brazil are prone to fires, particularly
in the dry season (Moreira, 2000; Miranda et al., 2002). Natural and
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man-made fires drive vegetation towards canopy openness (Moreira,
2000), and therefore, also create spatial heterogeneity at the Cerrado.

The Cerrado vegetation structure is associated with different envi-
ronmental conditions and at a local scale, changes in soil nutrients and
moisture are the most relevant. Structural complexity, soil fertility and
competition for light all increase from campo sujo towards cerraddo
(grasslands < shrublands < woodlands). In contrast, soil water deficits
and fire frequency both increase from cerraddo towards campo sujo
(grasslands < shrublands < woodlands) (Gongalves-Alvim et al., 2006;
Bedetti et al., 2011; Rossatto et al., 2012; Salazar et al., 2011). This eco-
logical gradient determines numerous plant structural and functional
traits (Gongalves-Alvim et al,, 2006; Bedetti et al., 2011; Silveira and
Oliveira, in press), but seed and germination traits have been explored
only recently. The variation in seed and germination traits is already
well known at the community level (Salazar et al, 2011, see also
Kissmann et al,, 2012), but knowledge at the intraspecific level is lacking,
despite its relevance for understanding recruitment in heterogeneous
environments. The contrasting environmental conditions at the
extremes of the Cerrado ecological gradient pose different constraints
that are expected to generate divergent plant ecological strategies at
each vegetation type (Laska, 2001). At the one hand, plants at closed
woodlands grow under competitive light-limited environment which
favours fast and synchronic germination (Weaver and Cavers, 1979).
At the other hand, open Cerrado grasslands present higher fine fuel
load and are, therefore more prone to disturbances (Miranda et al.,
2002) such as fires and prolonged droughts than closed woodlands,
which favours delayed germination.

Here, we studied seed germination strategies of a widespread
shrub in three Cerrado physiognomies that constitute an ecological
gradient that offer different conditions for seed germination and seedling
establishment (Salazar et al., 2012). The studied species, Miconia albicans
(SW.) Triana (Melastomataceae), is adequate for testing intraspecific
variation of seed germination because it is commonly found in different
densities across Cerrado vegetations (Silveira, F.A.O., unpublished data).
In addition, the seed biology of M. albicans is relatively well-known
(Mendes-Rodrigues and Oliveira, 2012; Silveira et al,, in press), what
makes this species an interesting plant model. Specifically, we tested
the following hypotheses: 1) plants under more disturbed vegetations
present higher investment in reproduction compared to plants in less
disturbed vegetations (Grime, 1993); 2) germinability, germination
speed and germination synchrony are high in closed vegetations as a
result of competition for light but low in open grasslands because of
high water stress and; 3) divergence in germination patterns at the
extremes of the ecological gradient creates different germination strate-
gies that are constant through time.

2. Material and methods
2.1. Study site and species

Fruits were collected at the Estacdo Ecol6gica de Pirapitinga (EEP;
18°20.09'S to 18°23.15’'S and 45°17.4'W to 45°20.51'W; 600 m asl),
southeastern Brazil. The climate at the EEP is seasonal with well-
defined rainy (from October to March) and dry (April-September)
seasons. Mean annual temperatures range from 21 to 25 °C and the
average annual precipitation is nearly 1200 mm (Bedetti et al., 2011).
The main vegetation consists of Cerrado physiognomies including the
campo sujo (hereafter referred as to grasslands), the Cerrado sensu
stricto (shrublands) and the cerraddo (woodlands). The nutrient-poor
soil grassland has few small-sized shrubs and trees sparsely distributed
into a continuous herbaceous matrix, with canopy cover less than 5%.
Higher soil fertility and moisture at the shrublands allow for the pres-
ence of a discontinuous canopy cover ~30% and 3-8 m tall shrubs. The
upper extreme of the gradient, the cerraddo, is a closed woodland
with 8-12 m tall trees that create a canopy cover ~50-90% which
severely restricts the development of the herbaceous layer (Oliveira-

Filho and Ratter, 2002). At the EEP, these physiognomies occur within
a few metres of distance (Gongalves-Alvim et al., 2006) with the last doc-
umented fire recorded at 1962 (Gomes, A., Personal communication).

M. albicans is a widespread, pioneer shrub occurring across the
Cerrado physiognomies (Bedetti et al., 2011; Silveira and Oliveira, in
press). Its flowers are small, whitish and scentless and its apomictic
reproductive system severely restricts gene flow (Goldenberg and
Shepherd, 1998). The bird-dispersed, small berries encompass many
small-sized, long-lived seeds. M. albicans seeds are dispersed in the
middle of the rainy season and promptly germinate in the field
(Silveira et al., 20124, in press).

2.2. Seed collection and biometry

Mature fruits of M. albicans were collected from randomly chosen
individuals (n = 30/physiognomy) along pre-established 500-m
transects. The vegetations were spatially apart by less than 300 m
from each other, with altitude varying less than 20 m. Fruit collection
was performed in December 2006, 2008 and 2009, during the fruiting
peak at EEP (Silveira et al., 2012a). We collected 10-30 fruits per
individual at each year. Plants had similar phenological patterns across
physiognomies (fruiting in December), so differences in maturation
period are unlikely. To infer on investment on reproduction, fruit and
seed biometry were carried out only for 2008 fruits because of fruit
abundance during this year. After mixing all fruits, 60 randomly chosen
fruits/physiognomy collected from tagged plants were measured for
seeds per fruit, fruit fresh and dry mass (after drying at 50 °C for four
consecutive days). Four replicates of 25 seeds per physiognomy were
used for the measurements of seed length, width and seed water
content (SWC). Seeds were dried at 100 °C for five days and SWC was
determined through the following equation (Brasil, 2009):

SWC = (FM—DM)/FM * 100
where FM = fresh mass and DM = dry mass.
2.3. Seed germination tests

To quantify germination, cleaned seeds were sown in Petri dishes
layered with a double sheet filter paper moistened with Nistatin solu-
tion to avoid fungi growth. The Petri dishes were incubated in germina-
tion chambers at 12-h photoperiod and complete darkness at 25 °C, the
optimum conditions (Silveira et al,, in press). We set eight replicates of
50 seeds for each physiognomy in each year. The germination of
light-incubated seeds was monitored at 24 h intervals while the germi-
nation of dark-incubated seeds was monitored after 30 days, a time
period enough to comprise the majority of germinating seeds (Silveira
et al., in press). Seeds with emerged radicles were removed from the
dishes after germination. For dark-exposed seeds, germination was
checked after 30 days.

For each replicate, we calculated final germination percentage (ger-
minability ), mean germination time (MGT) and germination synchrony

(E) according to Ranal and Santana (2006):

k K
MGT = " niti Z( ni
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where n; is the number of seeds germinated in the time i, t; is the time
from the start of the experiment to the ith observation, and k is the
time of last germination.
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where f; is the relative frequency of germination, n; is the number of
seeds germinated in day i and k is the time of last germination. Low E
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