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e Background and Aims Plants have complex mechanisms of aerial biomass exposition, which depend on bud
composition, the period of the year in which shoot extension occurs, branching pattern, foliage persistence,
herbivory and environmental conditions.

e Methods The influence of water availability and temperature on shoot growth, the bud composition, the leaf
phenology, and the relationship between partial leaf fall and branching were evaluated over 3 years in Cerrado
woody species Bauhinia rufa (BR), Leandra lacunosa (LL) and Miconia albicans (MA).

e Key Results Deciduous BR preformed organs in buds and leaves flush synchronously at the transition from the dry
to the wet season. The expansion time of leaves is <1 month. Main shoots (first-order axis, Al shoots) extended over
30d and they did not branch. BR budding and foliage unfolds were brought about independently of inter-annual
rainfall variations. By contrast, in LL and MA evergreen species, the shoot extension rate and the neoformation of
aerial organs depended on rainfall. Leaf emergence was continuous for 2-6 months and lamina expansion took place
over 1-4 months. The leaf life span was 5-20 months and the main A1 shoot extension happened over 122—177 d.
Both evergreen species allocated biomass to shoots, leaves or flowers continuously during the year, branching in the
middle of the wet season to form second-order (A2 shoots) and third-order (A3 shoots) axis in LL and A2 shoots in
MA. Partial shed of Al shoot leaves would facilitate a higher branching intensity A2 shoot production in LL than in
MA. MA presented a longer leaf life span, produced a lower percentage of A2 shoots but had a higher meristem
persistence on Al and A2 shoots than LL.

e Conclusions It was possible to identify different patterns of aerial growth in Cerrado woody species defined by
shoot-linked traits such as branching pattern, bud composition, meristem persistence and leaf phenology. These
related traits must be considered over and above leaf deciduousness for searching functional guilds in a Cerrado
woody community. For the first time a relationship between bud composition, shoot growth and leaf production
pattern is found in savanna woody plants.

Key words: Bauhinia rufa, branching, Brazil, bud composition, Cerrado, flowering, leaf phenology, Leandra lacunosa,

meristem persistence, Miconia albicans, synchronic leaves production, continuous leaf production.

INTRODUCTION

Plants have complex mechanisms of aerial biomass exposi-
tion, which depend on their branching patterns (Schulze
et al., 1986) and are the expression of an interaction
between endogenous growth processes and exogenous
constraints exerted by the environment (Barthélémy er al.,
1989). Water and nutrient uptake have been considered
growth limiting factors, while fire and herbivory modulate
the biomass exposition in neotropical savannas (Medina
and Silva, 1990). However, plants have some physiological
independence from seasonal environmental conditions,
allowing several possibilities for adjusting phenophases
during the year (Borchert, 1980; Sarmiento and
Monasterio, 1983; Reich and Borchert, 1984; Reich, 1995;
Williams et al., 1997; Oliveira, 1998; Eamus and Prior,
2001).

Leaf production and fall patterns are well identified for
Australian savanna species (Williams et al., 1997) and
for South American Neotropical savanna species (Barros
and Caldas, 1980; Sarmiento et al., 1985; Mantovani and
Martins, 1988; Morais et al., 1995; Franco, 1998, 2002).

* For correspondence. E-mail damascos@crub.uncoma.edu.ar

According to Sarmiento and Monasterio (1983), most of the
woody Cerrado species produce new leaves and flowers
during the dry period, indicating available water in the
rhizosphere. Reich and Borchert (1984) showed that, in
seasonal tropical environments, the periodicity of plant
phenological events is caused both by their endogenous
rhythm and by seasonal climatic changes. According to
these authors, at the end of the dry season, deciduous species
of Costa Rica tropical forest lose all their leaves so that
transpiration is reduced and reserves of water in the soil are
sufficient to allow plant re-hydration.

The Brazilian Cerrado is a Neotropical savanna where the
dry season corresponds to the autumn and winter months.
This biome occupies approx. 20 % of the Brazilian territory
(Ratter et al., 1996), differing from other savannas by its
high diversity of woody species (approx. 2000; Mendonga
et al, 1998; Castro et al., 1999), wide physiognomic range
from grassland to tall woodlands (Sarmiento, 1984; Eiten,
1992), and under-representation of therophytes (Batalha and
Martins, 2002). Phenological studies of Cerrado plants have
allowed the description of the periodicity of leaf emergence
and fall (Barros and Caldas 1980; Mantovani and Martins,
1988; Morais et al., 1995; Franco, 1998) but there are no
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quantitative data on variation in leaf number throughout the
year for species with different patterns of leaf abscission.
Estimates of leaf longevity for Cerrado woody species are
not based on studies that followed leaf survival from emer-
gence to abscission. Thus, there is no information about
the average leaf life span for species of different pheno-
logical groups. The time for the leaves of Cerrado woody
plants to reach mature size is available for only three species
(Nascimento et al., 1990; Paulilo and Felippe, 1992). Franco
(1998) pointed out that shoots of the woody species Roupala
montana grew only at the onset of the growing season and
Damascos (in press) has shown that three deciduous Cer-
rado woody species, Tocoyena formosa (Bignoniaceae),
Diospyros hispida (Ebenaceae) and Tabebuia ochracea
(Rubiaceae) preformed organs in buds, flushed their leaves
before the beginning of the wet season, and grew shoots
during a short period. There is no information about the
number of growth units (the growth unit is defined as a shoot
resulting from one terminal or axillary bud during a con-
tinuous growth cycle; Hallé et al., 1978) produced during
the wet and dry seasons by Cerrado species with different
leaf phenology. Except for the previously mentioned study
(Damascos, in press) there are no data about bud composi-
tion, branching patterns and plant architecture of Cerrado
woody species.

The following questions about three Cerrado woody spe-
cies with different leaf phenology patterns were addressed.
(a) Does shoot production occur in both wet and dry sea-
sons? (b) Do these species differ in the number of growth
units produced during the year? (¢) Do climatic variables
influence shoot initiation, growth and branching intensity?
(d) Does bud composition differ among Cerrado species
with distinct leaf phenology as established by Kikuzawa
(1984) for temperate forest woody species? (e) Does the
pattern of leaf fall during the dry season affect branching
intensity in savanna woody species?

The results obtained over a 3-year period on bud
composition, leaf phenology patterns (leaf production,
mean leaf expansion time, mean leaf life span), shoot
production and branching patterns in three Cerrado
woody species [Bauhinia rufa (Caesalpiniaceae), Leandra
lacunosa (Melastomataceae) and Miconia albicans Triana
(Melastomataceae)] are presented.

MATERIALS AND METHODS
Study site

Measurements were carried out under natural conditions in
a reserve of Cerrado vegetation at the Sdo Carlos Federal
University, Sdo Carlos, Brazil (21°58'S, 47°52'W) 850 m
above sea level. The regional climate is tropical with a dry
period during winter and part of spring (June—September)
followed by a wet period during summer and part of autumn
(October—March). Following the Koeppen climatic classi-
fication, this region is between Aw and Cwa (Tolentino,
1967). The average = standard deviation values for
Sdo Carlos city from 1939 to 1993 of annual rainfall
(1506 = 26 mm), relative air humidity (71 = 5%), air
temperature (21-:0 = 0-5°C) and vapour pressure deficit
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(072 = 0-13kPa) were determined by the Ministério da
Agricultura and by Tolentino (1967). Station number 83726
of the Brazilian national meteorological service, located
1-0km from the area where the woody species were
growing, provided the monthly rainfall and air temperature
values within the study period. The soil of the study site is a
distrophic oxisol on a flat topography. The soil water con-
tent from O to 3 m depth follows the seasonal pattern of
rainfall (Kano, 1998) and the water-table was reached 10 m
below the soil surface. In the study area the trees rarely
touch each other above well-defined shrub and herb strata,
which characterizes a Cerrado physiognomy sensu stricto
(Ribeiro and Walter, 1998).

Plant species

Adult plants of Bauhinia rufa (Bongard) Stendel (BR),
Leandra lacunosa Cogn. (LL) and Miconia albicans (Sw.)
Triana (MA) were studied under natural conditions. BR and
MA grow as shrubs or small trees reaching up to 3-Om tall
and adult LL is a 1-0-1-8m tall shrub. Leaf insertion is
alternate in BR and opposite and decussate in MA and
LL. BR and MA grow in sunny areas while LL shrubs
grow in sunny sites and in sites partially shaded by tall
shrubs and trees.

The three species were selected because they belong to
two of the principal families listed for Cerrado (Mendonga
et al., 1998) where especially BR and MA are frequent
(Ratter et al., 1996). LL is not as frequent as MA and BR
in Cerrado physiognomies, but it also occurs in gallery
forest (Mendonga et al., 1998), and its leaves are conspicu-
ously pubescent, showing papery (chartaceous) instead of
leathery (coriaceous) texture as in BR or MA. The BR is free
of leaves during a short period (20-30d in the dry season)
but MA and LL show foliage persistence during the year.
These traits permit comparisons of different morphological
and phenological leaf groups.

Bud composition and the number of leaves on shoots

Bud sampling was carried out during the dry season
(July 2002). Before bud opening, six buds were collected
in each one of five individuals per species on the most distal
node of the greatest previous-year shoots. Buds were dis-
sected under a stereomicroscope Nikon, x40, and the
number of cataphylls, stipules, lamina and flower primordia
present in each bud were counted.

The number of leaf primordia in buds was compared with
the number of expanding leaves on small (1-0-7-5 cm long)
young shoots and with the final leaf number of mature
shoots (shoots that had completed linear extension). Ten
small shoots without fully expanded leaves were sampled
in each one of three individuals of each species 1 week after
budding (September or October 2002) and the leaf number
on each shoot was registered. The final leaf number was also
determined on mature shoots studied from August 2001 to
March 2002 in BR (n = 90), LL (n = 50) and MA (n = 70).

Shoot growth

Shoot and leaf sampling was carried out from July 1999
to September 2002. Data from two independent groups of
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adult individuals growing in open sites of a homogeneous
vegetation area were obtained from July in two sequential
1-year intervals (1999-2000 and 2000-2001).

In July 1999, before the end of the dry season and bud
break, ten individuals of BR and five individuals of MA
and LL up to 2m tall were selected. Random points were
determined along a 150m straight transect to select the
individuals. The individuals of each species nearest to
the transect points were chosen. The greatest parent shoots
(shoots produced in the previous year) in BR (n = 10) and in
LL and MA (n = 20) were marked for each individual. The
axillary bud at the most distal node of each shoot was
labelled using plastic markers (100 buds per species).

The study of shoots emerging from these 100 buds per
species marked in July 1999 (first-shoot group) was carried
out until October 2000. Before the end of the dry season
(July 2000) another group of individuals (second-shoot
group) was selected along another 150m transect and
buds were marked as in the first group of shoots. The
time of bud break was identified when small leaves were
seen emerging from the bud. Marked buds and the organs
derived from them were observed at 7-d intervals during the
wet period and at 15- to 20-d intervals during the dry season.
Leaf survival rate was observed until September 2002.

Shoot and leaf data

According to Barthélémy er al. (1991), and throughout
this text, shoots that emerged in the beginning of the wet
season from labelled buds are the first-order axis, A1l shoots;
the lateral shoots or branches formed from axillary leaf buds
of A1 shoots will be referred to as the second-order axis, the
A2 shoots; and the branches of A2 shoots are the third-order
axis, A3 shoots. At each sampling date, the linear length, the
time of flowering and the branching were registered for each
shoot emerging from labelled buds (A1 shoots). The length
reached by A2 and A3 shoots was measured only at the end
of the experiment and the time of flowering was registered.
Apex persistence was studied between October 2001 and
February 2002 following the new apical growth of LL and
MA of previous-year Al, A2 and A3 shoots that did not
flower.

At each sampling date the new leaves presented in each
shoot were registered. The leaf emergence period of each
shoot was defined as the time interval between the formation
of its first and last leaf. Each leaf was numbered according to
its position, starting from the shoot base so that P1 was the
first leaf formed and P2, P3 ... Pn, followed in succession.
Leaf survival on marked shoots was recorded until total leaf
fall. Leaves were considered senescent when they exhibited
yellowing of 80 % or more of their area or when they were
abscised. The maximum length and width of each leaf blade,
excluding the petiole, were measured at each sampling date,
as well as the shoot length from the base to the apex, using a
calliper.

Five mature leaves were detached from each one of ten
Al shoots belonging to five different individuals of each
species. One leaf disc with known area was detached from
each leaf, avoiding major veins and the midrib. The discs
were dried at 65 °C in a stove until constant mass. The leaf
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area and the dry mass values of the discs were used for
specific leaf mass (SLM, g m~2) determinations (Prado and
Moraes, 1997).

Data analysis

The leaf production pattern of each species was defined
considering the time interval between the production of the
first and the last leaf of each shoot. Leaf emergence pattern
(according to Kikuzawa, 1984) is synchronic when leaves
emerge as a flush during a short period, or continuous when
leaves emerge gradually during the growth period. The leaf
life span of each species was analysed (leaves consumed by
herbivores were excluded) and it was calculated by aver-
aging (in days) the survival of all leaves on marked branches
of BR or the different cohorts of leaves (formed from the end
of September or October to March—April) of LL and MA,
and they were compared using the one-way analysis of
variance (Zar, 1999).

The inter-year variation in the time of shoot extension for
each species was compared with Student’s z-test (Zar,
1999). The differences among species with respect to the
shoot extension period, the duration of leaf production
by shoot, leaf expansion time, leaf life span, and specific
leaf mass were analysed by one-way analyses of variance
and the Student—Neuman—Keuls multiple comparison test
(Zar, 1999).

Pearson’s correlation coefficient (Zar, 1999) was used to
analyse the relationship between rainfall and monthly air
temperature with the shoot extension rate (cm 15d™") or
with the mean monthly leaf number. At the beginning of the
second growth season (September 2000), there were both
old leaves belonging to the first group of labelled plants and
the new emerging leaves in the second group of labelled
plants. Therefore, the correlations between monthly values
of the mean number of leaves and rainfall were obtained
considering the average value of old and new leaves.

Pearson’s correlation coefficient was also used to analyse
the relationship between the mean monthly number of
leaves and the monthly percentage of A2 branches produced
by Al shoots. The correlation between the latter variable
and the mean rainfall values was also determined. The
monthly percentage of branching was calculated as the
number of A2 or A3 shoots produced during the month
divided by the total number of A2 or A3 shoots produced
during the study period. Flowering intensity was calculated
as a percentage of Al, A2 or A3 shoots flowering in relation
to the total number of Al, A2 or A3 shoots.

RESULTS

Shoot emergence and growth

The pattern of shoot emergence from marked buds differed
among species. The major Al shoot flush in BR took place at
the end of the dry season, independently of the inter-annual
rainfall variation, and they grew during the first months of
the wet season (November) when rainfall had not yet
reached its highest intensity (Fig. 1). Shoots of MA and
LL extended during the whole wet season (Fig. 1). In both
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FiG. 1. Columns represent the extension rate (cm per 15 d, mean * s.e.) of Al shoots emerging from marked buds in Bauhinia rufa (BR), Leandra lacunosa

(LL) and Miconia albicans (MA) measured from 1999 to 2001 in two independent groups of individuals of each species. The monthly rainfall (open symbols),

the period (horizontal bars) of A2 branch formation from axillary buds of Al shoots, and the A3 branch formation from axillary buds of A2 shoots during
1999-2000 are shown.

species, the Al shoot extension rate was correlated with
rainfall (LL: r = 0-7812; MA: r = 07634, P < 0-01) and
mean monthly air temperature (LL: r = 0-8302; MA: r =
0-5709, P < 0-01) while in BR it was not correlated with
rainfall (r = 0-0362, P = 0-8630) or mean monthly air tem-
perature (r = 0-0798, P = 0-8054). The max1mum shoot
extension rate was higher in LL (3-8cm 15d ! than in
the other two species (2-5 and 2-2cm 15d~" in BR and
MA, respectively; Fig. 1). The mean duration of the Al
shoot extension period was shorter (P < 0-05) in BR
(25 = 11d) than in LL (130 = 26d) and MA (122 £ 47d)
in 1999-2000 or in 2000-2001 (37 £ 11, 166 = 19 and
160 = 70d in BR, LL and MA, respectively). Besides, the

same (P < 0-05) was verified comparing the Al shoot
mean final length of BR (7-95 = 5-35cm, n = 90), LL
(20-89 = 10-87cm, n = 51) and MA (16-82 = 10-25cm,
n="7TI1).

Al shoots of BR did not develop new branches until the
wet season of the next year. In LL and MA, Al shoots grew
during the wet season (Fig. 1) and developed a second-order
axis (A2 shoots) from axillary leaf buds since the middle
of the wet season or during the dry season (Figs. 2 and 3).
LL produced a third-order axis (A3 shoots) during the dry
season (Figs 2 and 3). The A2 shoots in LL emerged
first than in MA (Figs 2 and 3). The largest percentage of
A3 shoots in LL was formed when some plants were still
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producing A2 shoots (Fig. 3). Both axis orders concluded
linear extension and flowered before the onset of the next
wet season (Fig. 2).

Branching intensity was higher at the end of the wet
season in LL, and near the peak of the wet season in MA
(Fig. 3). In LL the percentage of A2 shoots (Fig. 3) was not
affected by rainfall (» = 0-5388, P = 0-2699) but it was
correlated with the mean number of leaves in Al shoots
(r=—0-8168, P = 0-0249). Conversely, the A2 branching
percentage of MA (Fig. 3) depended on rainfall (r = 0-9679,
P =0-0015) but it was not correlated with the monthly mean
number of leaves on Al shoots (r = —0-5937, P = 0-4063).

The length of A2 shoots was similar (P < 0-05) between LL
(6-84 = 478 cm, n = 30) and MA (8-28 = 4-78 cm, n = 20).
The A3 shoots of LL had a mean final length of 4-15 =
2:47cm (n = 20).

Leaf phenology and morphology

The Al shoots of BR unfolded all their leaves at the
beginning of the wet season (September—October) over
<30d, while leaves production extended over 2—6 months
in LL and MA (Fig. 4). Insects consumed 43 % of the total
leaves (n = 227 leaves) produced by marked Al shoots of
BR during 1999-2000, and 25 % of leaves (n = 471 leaves)
during 2000-2001. For LL, leaf herbivory was 73 % (n =217
leaves) and 48 % (n = 132 leaves) during the first and the
second studied periods, respectively. All leaves that were
not consumed by herbivores were lost at the end of the dry
season in BR, while in LL the leaves of A1 shoots fell during
the dry season or in the following wet season (Fig. 4). The
monthly mean number of leaves on Al shoots was corre-
lated with rainfall (BR, r = 0-4420, P = 0-0306; LL, r =
0-6727, P < 0-01) and with air temperature (BR, r = 0-6177,
P <0-01; LL, r=0-6727, P < 0-01). By contrast, leaves of
the MA Al shoots did not suffer herbivory and survived
during the wet and dry seasons, abscising at the end of the
dry period (1999-2000) or during the wet and dry seasons of
the next year (2001-2002).

The expansion time of LL and MA leaves was higher than
that of BR during the first and second study periods and
during the second period it was greater in MA than in LL
(Table 1). BR and MA exhibited higher SLM values than LL
(Table 1). The leaf life span of the first leaf cohort differed
among species only in the second period studied (Table 1)
when the total annual rainfall was greater and the rains
started earlier (Fig. 4). In LL and MA the mean leaf life
span of Al shoot leaf cohorts was lower in the first period
studied (Fig. 5). In both species the first leaf cohorts of
A1l shoots (formed between September and December)
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had a longer leaf life span than those (from the fifth to eight
cohorts) formed near the end of the wet season (February—
April; Fig. 6). Leaf longevity on A2 shoots was longer
in MA than in LL (data not shown). Leaves of A2 and
A3 shoots formed during the dry period fell during the
following wet and dry seasons (data not shown).

Shoot flowering and apex persistence

Final A1, A2 and A3 shoot extension was determined by
(a) the development of a distal inflorescence, (b) apex death
without flowering or (¢) apical meristem dormancy (Fig. 2).
Only about 5 % of the marked Al shoots of BR flowered
during the wet season (December, Fig. 7) while in LL and

MA the flowering of Al shoots showed a higher frequency
than in BR and took place from December (LL) or January
(MA) to June (Fig. 7). Flowering intensity was similar in
both study periods in LL (2000 = 83 %, 2001 = 74 %) and in
MA (2000 = 68 %, 2001 = 67 %). Plants of LL and MA
flowered from the middle of the wet season to the end of
the dry season but on shoots of different categories (A1, A2,
A3in LL, Al and A2 in MA) and at different periods (Fig. 7).
All BR shoots that did not flower (95 %) suffered apical
meristem abscission early in the wet season, starting in
December. Apical meristem persistence was 11 % in Al
and 46 % in A2 shoots of MA. In LL, the apical meristem
was observed to persist only in A2 (30 %) and A3 (20 %)
shoots.
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TABLE 1. Mean values ( = s.e.) of the interval of leaf production per shoot, leaf expansion time, leaf life span and specific leaf
mass (SLM) of Bauhinia rufa (BR), Leandra lacunosa (LL) and Miconia albicans (MA)

Variables

Bahuinia rufa

Leandra lacunosa

Miconia albicans

Time period of leaf production per shoot (days)
(n = number of shoots)
Leaves emerged during 1999

Leaves emerged during 2000

Leaf expansion time (days)
(n = number of leaves)
Leaves emerged during 1999

Leaves emerged during 2000

Leaf life span (days)*
(n = number of leaves)
Leaves emerged during 1999

Leaves emerged during 2000

SLM (g m?)
n =50 leaves

1449 + 146 a
n=93
993 = 032 a
n=90

2846 = 1-17a A
n=>56
29-66 = 093 a A
n=216

25855 £ 9-00 a A

n=49
27239 £ 530a A
n=210

14700 = 452 a

14134 £ 927 b
n=29
125-15 = 278 b
n =50

6187 = 242b A
n=063
7633 £ 253 b B
n=123

24775 £ 19-67 a A

n =20
37179 + 1373 b B
n=99

105-11 =440 b

119-43 = 7.90 b
n=39
133-51 = 6:60 b
n=71

5810 = 1.08 b A

n=274
9205 =298 ¢cB
n =144

36428 £ 17-53 a A

n=:069
516:00 = 2741 ¢ B
n =40

16232 = 9-64 a

Different lower-case letters in the rows indicate significant differences among species (ANOVA, P < 0-05) while upper-case letters (in the columns) indicate

significant differences between the two periods studied for each species (Student’s #-test, P < 0-05).
*Leaves emerged in September (BR) or in October—November (LL and MA).

- LL -
600 Emergence perio

= [ 119992000
500 [~ V7] 2000-2001

Leaf life span (d)

Leaf cohorts

F1G.5. Average ( =* s.e.) values of leaf life span of different leaf cohorts of

Leandra lacunosa (LL) and Miconia albicans (MA) during two periods

(1999-2000 and 2000-2002). Only leaves not attacked by herbivores were

considered. Different lower-case letters indicate significant differences

among leaf cohorts emerged during 1999-2000 while upper-case letters

indicate significant differences among leaf cohorts emerged during
20002001 (ANOVA, P < 0-05).

Bud composition

Buds of the deciduous species BR were formed by
cataphylls, stipules and lamina primordia. Each lamina
primordium present in BR buds contained two free lateral
stipules. The number of leaf primordia in buds (mean *
standard error = 5-57 = 0-1) was similar (P < 0-05) to the
number of expanding leaves present on young, 1-week-old
shoots (5-67 £ 0-29), and to expanded leaves (5-19 = 0-15)
present on mature shoots (those which had concluded linear
extension). Leaf axillary buds and young (l-week-old)
shoots of MA and LL exhibited only one pair of leaf
primordia or small expanding leaves, respectively, while
mature shoots showed a larger number of leaves (LL =
4.96 = 0-25, MA = 3-24 = 0-15).

DISCUSSION

The absence of differences between the number of mature
leaves on the shoots and the number of leaf primordia pre-
sent in BR buds indicates organ preformation, meaning that
embryonic organs are enclosed within a bud before unfold-
ing (Caraglio and Barthélémy, 1997; Puntieri et al., 2000;
Souza et al., 2000). Organ preformation and early budding
were also observed by Damascos (in press) in three other
deciduous Cerrado woody species: Tocoyena formosa
(TF), Diospyros hispida (DH) and Tabebuia ochracea
(TO). The total numbers of leaves on current-year-shoots
(A1 shoots) were 6-54 = 0-14, 11-41 £ 0-48 and 491 *
0-19 in TF, DH and TO, respectively, which did not differ
from the number of leaf primordia presented in buds.
BR, TF, DH and TO remained leafless for 1 month before
the wet season and their leaf life spans were between 6 and
11 months.
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Fic. 6. Relative frequency of leaf life span (d) of Leandra lacunosa (LL)
and Miconia albicans (MA) of A1 shoots leaves emerged at different months.
Only leaves not attacked by herbivores were considered. C, Leaf cohort.

BR expanded all new photosynthetic areas in a syn-
chronic pattern before the beginning of the wet period
and during the shortest period among the species studied.
As indicated by Reich and Borchert (1984) in subtropical
forest and by Williams et al. (1997) in Australian savannas,
the reduction of the leaf transpiration area of deciduous
species would improve plant water status and allow plants
to flower or produce leaves during the dry season. Thus, the
elimination of water deficit within the woody plant initiates
the leaf flush (Eamus and Prior, 2001). Deciduous species
usually have deeper root systems than species with persis-
tent foliage in Cerrado (Jackson et al., 1999), which would
make deciduous species less dependent on rainfall than
evergreen species for expanding leaves. It was possible
to observe by excavation in the field a dimorphic root sys-
tem (deep main root plus shallow lateral roots) in BR, where
the main root was followed to a depth of 1-2m (C. H. B. A.
Prado, unpubl. res.). Scholz et al. (2002) suggested that
the presence of dimorphic root systems in Cerrado decidu-
ous species might play a facilitating role for leaf expansion
near the end of the dry season, when the soil surrounding
lateral roots is dry. The Cerrado soil water potential at a
depth of 1-5m does not reach —1-5MPa at the peak of
the dry season even after 4 months of virtually no rain
(Franco, 2002).

As was observed in BR, other deciduous Cerrado species
studied (Damascos, in press) had a short shoot extension
period (32 = 11,23 = 9 and 9 * 9d in TF, DH and
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Flowering shoots (%)

<O+ Rainfall

S ONDJ FMAMJ

J A S O

2000 2001

FiG. 7. Frequency of distal flowering (solid symbols) on Al (shoots

emerged from previously marked buds), A2 (shoots formed from axillary

buds of A1 shoots) and A3 shoots (formed from axillary buds of A2 shoots)

in Leandra lacunosa (LL) and in Miconia albicans (MA) from December

2000 to August 2001. The duration of the Al shoot flowering period of

Bauhinia rufa (BR, flowering intensity = 5 %) and the monthly rainfall
values (open symbols) are shown.

TO, respectively) and Al shoots did not branch (DH and
TO) or produce new branches simultaneously with shoot
extension during the wet season (7F). Apex abscission,
as exhibited by BR shoots during the wet period, is often
linked to low shoot vigour (Puntieri ef al., 1998). In DH and
TO, apical meristem death was observed, and in TF early
distal flowering occurred (M. A. Damascos, unpubl. res.).
Deciduous Cerrado species seem to have a reduced shoot
growth pattern in time and space during the wet season and
could be full of stored carbon in roots and shoots during the
dry season as in temperate deciduous species in winter
(Larcher and Thomaser-Thin, 1988). These reserves accu-
mulated during the favourable period, and could be mobi-
lized at the beginning of the next wet season starting the leaf
flush with the organ preformed in the buds. On the other
hand, LL and MA produced buds, new shoots and leaves
throughout the year, flowering during the dry season. It
would impose high demand of photosynthetic assimilates
in dry and wet seasons. Aerial biomass production in LL and
MA is probably more dependent than in BR on short-term
assimilation. Therefore, LL and MA should maintain a high
photosynthetic area (foliage persistence) during the year.
Evergreen LL and MA present organ neo-formation.
Neoformed organs are never included in a bud as primordia,
and extend as they are differentiated by the meristem (Hallé
et al., 1978; Caraglio and Barthélémy, 1997). Both species
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formed their leaves gradually on A1l shoots for 7-8 months,
producing one pair of leaves per month. The transpiration
area reduction by partial leaf loss on Al shoots during the
dry season, from April to June, would facilitate higher
branching intensity in LL (A2 shoot production) than in
MA. Afterwards, LL produced new leaves on A2 and A3
shoots, quickly offsetting the drop in leaf transpiration and
photosynthetic area.

MA had the longest leaf life span and the greatest
percentage of leaves on Al and A2 shoots during the
year. It produced fewer orders of shoots than LL but had
higher apical meristem persistence on Al and A2 shoots.
Budding in LL and MA is linked to leaf phenology and
probably to short vertical growth of the root system of
Cerrado evergreen and semi-deciduous species (Jackson
et al., 1999). There are no data on LL root systems but
adult MA individuals about 1-2m tall had root systems
reaching only 0-50m beneath the soil surface (Monteiro
and Prado, in press). Possibly a short root system and foliage
persistence during the dry season determine higher rain-
fall dependence for bud opening in LL and in MA than in
deciduous BR species.

In both evergreen species, leaves survived until the wet
(LL) or dry (MA) seasons of the next year. However, the
mean leaf life span of different cohorts of both species was
reduced by senescence during the drier year (the first study
period). In addition, the leaves that emerged during the end
of the wet season exhibited lower leaf longevity than those
formed earlier. It suggests that, irrespective of season, water
stress reduces the longevity of leaves formed during the
drier period in evergreen Cerrado species. LL showed the
lowest value of SLM and the highest number of leaves
consumed by herbivory in both periods studied. These
events could be linked since greater SLM promotes
mechanical protection against tissue herbivory (Coley
and Barone, 1996). Similar values of SLM between BR
and MA and the absence of herbivory only in MA would
indicate that MA has an anti-herbivory chemical defence
more efficient than BR.

CONCLUSIONS

Organ preformation in buds, early budding and reduced
shoot growth pattern (in time and space) are linked traits
in BR as in deciduous species from seasonal climates. Ever-
green LL and MA continuously consumed resources by leaf,
shoot and flower formation during wet and dry seasons.
Both evergreen species showed higher water demand during
the whole year on account of their foliage persistence
and branching. Therefore, MA and LL depended on water
availability from rainfall to maintain the shoot extension
rate, branching (in MA) and leaf longevity. In LL the partial
leaf fall probably reduces water stress, transitionally
allowing higher branching intensity than in MA. Bud com-
position, branching pattern and leaf phenology are linked
in Cerrado woody species. Variations among them result in
contrasting behaviour of aerial space acquisition and
different dependence on ambient factors during the year.
Functional guilds of Cerrado woody species must be anal-
ysed in relation to these linked attributes over and above the
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plant deciduousness. The relationship of branching intensity
and leaf fall should be studied experimentally according
to periodic plant water status throughout the year.
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