
   

Anais da Academia Brasileira de Ciências

ISSN: 0001-3765

aabc@abc.org.br

Academia Brasileira de Ciências

Brasil

GARCIA, LETÍCIA C.; BARROS, FERNANDA V.; LEMOS-FILHO, JOSÉ P.

Environmental drivers on leaf phenology of ironstone outcrops species under seasonal

climate

Anais da Academia Brasileira de Ciências, vol. 89, núm. 1, enero-marzo, 2017, pp. 131-

143

Academia Brasileira de Ciências

Rio de Janeiro, Brasil

Available in: http://www.redalyc.org/articulo.oa?id=32750457012

   How to cite

   Complete issue

   More information about this article

   Journal's homepage in redalyc.org

Scientific Information System

Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal

Non-profit academic project, developed under the open access initiative

http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org/articulo.oa?id=32750457012
http://www.redalyc.org/comocitar.oa?id=32750457012
http://www.redalyc.org/fasciculo.oa?id=327&numero=50457
http://www.redalyc.org/articulo.oa?id=32750457012
http://www.redalyc.org/revista.oa?id=327
http://www.redalyc.org


An Acad Bras Cienc (2017) 89 (1)

Anais da Academia Brasileira de Ciências (2017) 89(1): 131-143
(Annals of the Brazilian Academy of Sciences)
Printed version ISSN 0001-3765 / Online version ISSN 1678-2690
http://dx.doi.org/10.1590/0001-3765201720150049
www.scielo.br/aabc

Environmental drivers on leaf phenology of ironstone 
outcrops species under seasonal climate

LETÍCIA C. GARCIA1,2, FERNANDA V. BARROS2,3 and JOSÉ P. LEMOS-FILHO2

1Laboratório de Botânica, Centro de Ciências Biológicas e da Saúde, Universidade Federal de 
Mato Grosso do Sul, Caixa Postal 549, 79070-900 Campo Grande, MS, Brazil 

2Departamento de Botânica, Instituto de Ciências Biológicas, Universidade Federal de Minas 
Gerais, Avenida Antônio Carlos, 6627, 31270-110 Belo Horizonte, MG, Brazil

3Departamento de Biologia Vegetal, Instituto de Biologia, Universidade Estadual de 
Campinas Caixa Postal 6109, 13083-970 Campinas, SP, Brazil

Manuscript received on January 23, 2015; accepted for publication on March 18, 2016

ABSTRACT
Banded iron formations (BIF) have a particular vegetation type and provide a good model system for testing 
theories related to leaf phenology, due to unique stressful environmental conditions. As a consequence of 
the stressful conditions of BIF environment, we hypothesize that most species would retain at least some 
igi¿at ap v, v at th  f th  a, iptl f gwth fm - t, hb, 
and sub-shrubs. Considering the strong seasonality, we also hypothesize that photoperiod and rainfall act 
a tigg f laf fall a laf Àhig i th vimt. Th majit f th ¿ft ti pi 
had a semi-deciduous behavior and shed their leaves mainly during the dry season, with a recovery at the 
 f thi a. I gal, laf Àhig ia a th pig qi ( f th  a a 
tat f th ai a). A ta-൵ btw laf l a laf maita i pt i a mmit 
in which most plants are naturally selected to be semi-deciduous. Our results suggest photoperiod as a 
dominant factor in predicting leaf phenology.
Key words: Canga, day length, drought stress, evergreen, leaf shedding, tropical ecosystems. 
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INTRODUCTION

Foliar phenology has a crucial role in plants` strategy 
of carbon gain and plant water balance (Reich 1995, 
Zhang et al. 2013) since leaf arrangement in time 
is strongly related to photosynthetic production 
(Kikuzawa 1995, Jolly and Running 2004) and 
transpiration (Givnish 2002, Kröber and Bruelheide 
2014). Leaf exchange patterns can be evaluated as 

a result of a change in environmental conditions 
(e.g., photoperiod, temperature, daily insolation, 
humidity, and nutrients availability) acting together 
with endogenous rhythm regulations (Morellato 
et al. 1989, Van Schaik et al. 1993, Pedroni 2002, 
Givih 2002, Bht t al. 2015). Th wat 
availability (Borchert et al. 2002), and day length 
(Borchert et al. 2002, Luttge and Hertel 2009, 
Ballestrini et al. 2011) have been reported as 
important drivers of leaf phenology, and can be 
considered as triggers to plant species response to a 
change in environmental conditions. 
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Th a lgth  phtpi i itt 
and reliable signal of seasonality in a certain 
ecosystem and some species relay on photoperiod 
cues to sense the arrival of a productive or stressing 
pmig a (Wa t al. 2015). Th iÀ 
of day length on leaf phenology is better understood 
in temperate ecosystems where there is a more 
distinct day-length signal. A recent work pointed 
out that, even in ecosystems with low or no day-
length signal, the environment signal triggering 
Àhig  Àwig h l b pbabl 
linked to seasonal change in daily insolation 
(Borchert et al. 2015). 

In tropical ecosystems, leaf shedding is 
strongly related to seasonality in precipitation 
(Borchert 1998) that affects water availability 
(Lm-Filh a Mça Filh 2000). Th 
vegetative phenology response usually follows a 
vativ `  tatg a i൵t 
ecosystems vary in resources availability (Jolly 
and Running 2004) resulting in a wide diversity of 
leaf display. Evergreen strategy is usually related 
to long photosynthetic season and less nutrient loss 
on leaf production, while deciduous species reduce 
their transpiration and respiration during the dry 
a, a ൵ t thi ptivit b iaig 
the photosynthetic rate per unit of leaf mass 
(Givnish 2002). Hence, seasonal drought would 
favor deciduous species, whereas infertile soils 
would favor evergreen species (Givnish 2002).

Th ba i fmati (BIF) k tp, 
called Canga in Brazil, are isolated xeric islands 
within a mesic matrix (Gibson et al. 2010, Silva et 
al. 1996). BIF vegetation types are linked to soil 
characteristics, they comprise a mosaic of species 
with i൵t aaptati (e.g., many BIF plants 
can uptake heavy metals) (Porto and Silva 1989, 
Tiia a Lm-Filh 1998), a abt 6% 
of endemic species (Silveira et al. 2015). In BIF 
areas, the soil is poor in nutrients and presents low 
wat tag apait (Gilitti t al. 1997). Th 
are seasonally dry environments, where it is often 

observed high daily thermal amplitude (Jacobi et 
al. 2007, Vincent et al. 2002), with great changes 
in water availability (Silva et al. 1996, Vincent 
a Mg 2008, silvia t al. 2015). Thf, 
these environmental conditions impose stress on 
plat, whih l lt i i൵t tatgi 
for water, carbon, and nutrients’ maintenance and 
uptake (Silveira et al. 2015). 

Owing to this stressful condition (e.g., water 
and nutrient availability) (Giulietti et al. 1997, 
Tiia a Lm-Filh 1998), it i pt 
traits related to water and nutrient economy, as 
its efficient acquisition and use (Silveira et al. 
2015, Reich 2014). Regarding to leaf phenology, 
the strategies in BIF species must balance these 
apt. Th i a ta-൵ btw maitaiig 
the leaves during the dry season to save carbon 
and other nutrients, versus dropping the leaves to 
save water, by reducing the transpiration rate and 
b a hi a fat laf Àhig ap fm 
hbiv (cl a Ba 1996). Thi ta-
൵ i mmaiz i Fig 1, whih i ba  
studies of Murali and Sukumar (1993), Coley and 
Barone (1996), Monk (1996), Gill et al. (1998), 
Givnish (2002), Escudero and Mediavilla (2003). 
Th pi wl phap bt hibit fat-
synchronized leaf flushing throughout the rainy 
season to maximize productivity during the most 
favorable period of carbon uptake, with leaf 
Àhig tati a th  f th  
season and the beginning of the rainy season. 

T t th ta-൵  laf ipla i th 
stressful BIF environment, we chose 15 species of 
nine representative plant families, ranging from 
sub-shrubs to trees. We tested the hypothesis that 
mt pi wl tai at lat m igi¿at 
canopy cover even at the end of the dry season, 
independently of growth form, and that photoperiod 
and rainfall would act as triggers for leaf fall and 
leaf flushing. Our results aid in understanding 
vegetation response to stressful environments, 
whih ma a൵t gwig iti. 
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MATERIALS AND METHODS

We surveyed two sites in the vicinity of a mine 
called Brucutu, in the region of Barão dos Cocais 
(centered at 19° 53’ 08” S and 43° 26’ 11” W), 
in the “Iron Quadrangle,” in Minas Gerais state, 
Brazil, at an altitude of 1120 m (Garcia et al. 
2009). Th limat i btpial with  wit 
(temperatures reaching <18ºC) and hot summers 
(temperatures >22ºC) (Antunes 1986). Average 
annual rainfall is 1300 mm, and average annual 
tmpat i 20°c (Hz 1978). Th aifall 
data during the survey period represents the strong 
aal limat f th t aa (Fig 2). Th il 

is hemathitic litholic “canga”, a typical ferruginous 
“campos rupestres” developed on iron-rich rocky 
outcrops (locally known as “canga couraçada”), 
and the vegetation is mostly composed by an open 
herbaceous-shrub community (Rizzini 1979, Viana 
and Lombardi 2007, Vincent and Meguro 2008, 
Jacobi and Carmo 2011).

W h 15 pi fm a Àiti v 
list of the study area (Mourão and Stehmann 
2007) ba  thi  i th ¿l, whih 
Àt thi aba i th mmit, a 
based on woody growth form diversity (trees, 
height >2m; shrubs, height 1-2m; sub-shrubs, 
height <1m, categories adapted from Eiten (1992); 

Figure 1 - smma f Ba i fmati (BIF) plat ta-൵ ig  a ltig i laf l (i pi) 
or leaf maintenance (evergreen species), which will result in water economy, and carbon and nutrient loss or in water loss, and 
carbon and nutrient maintenance. Both phenological behaviors have advantages and disadvantages, which evolved under selective 
p f. Th ¿g al highlight m philgial p t mpat hag i ap v ig th  
a, whih hav impliati t plat ab a wat bala. Th + symbols (positive values) represent the gains or non-loss 
and the – symbols (negative values) represent the loss, which could be related to water, carbon, or nutrient.
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Tabl I). Th mall mb f t pi ampl 
was due to the low tree richness of the studied 
vegetation type (Mourão and Stehmann 2007), 
which can be considered as open herbaceous-
hb vgtati, a pil mmit i൵t 
from low forest-shrub vegetation (Viana and 
Lombardi 2007, Messias et al. 2011). At two sites 
(3 km from each other), we randomly selected 
from 9 to 12 individuals of each species in total, 
and we recorded, monthly, the leaf phenology 
v a ¿ft-mth pi (fm sptmb t 
November of the following year), including two 
transition periods between the dry and wet season. 
Plant vouchers were deposited in the herbarium of 
the Department of Botany, Federal University of 
Minas Gerais (BHCB/UFMG). 

For leaf fall evaluations we used a quantitative 
method, we categorized each individual by its 
percentage of leaf fall over the entire crown 
aa. W i 5 atgi: 0 = 0%; 1 = 
1-25%; 2 = 26-50%; 3 = 51-75%, a 4 = 76-
100%. Th val allw  t allat th 
intensity index (Fournier 1974) of leaf fall as the 
average proportion of leaf fall over all individuals 
of a species. We grouped the species by leaf fall 
phlg it th atgi, aapt fm d൵ 

et al. (1997), which consider leaf losses mainly 
during dry season as follows: (1) evergreen, species 
that maitai 75-100% f thi w a-; 
(2) semi-deciduous, species in which the canopy 
fll 50-74% f fll ap a l fll blw 
50% i th  a (amg 2-3 mth), a 
(3) deciduous, species that lose all their leaves 
aall, maiig laÀ ig 1-2 mth. 
W ma laf Àhig a th pi btw 
th bgiig f ¿t lav` mg til thi 
expansion, when most leaves have reached about 
¾ of mature leaf `s size (Pedroni et al. 2002). 
Th fq f laf flhig wa i 
the proportion of all individuals of a species that 
exhibited this phenophase. 

We used a circular analysis to test the seasonality 
of leaf fall beginning (i.e., period when plants start 
to lose their leaves) and peak (i.e., period with the 
greatest intensity of leaf fall), and the synchronicity 
among species. We did not do these tests for leaf 
Àhig, ba it wa ti i almt all 
pi. Th bgiig a th pak f laf fall 
were determined for each individual, according 
to categories of this phenophase registered every 
mth. Th at w tafm it agl, 
with one day equal to 0.9863 degrees, beginning on 

Figure 2 - Rainfall (mm) and photoperiod (average number of light hours per day) during the 
study period [data provided by Hydroelectric Power Plant of Peti / “Companhia Energética de 
Minas Gerais” (CEMIG) and National Observatory of Brazil (NOB)].
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January 1st. We used the ORIANA software (Kovach 
2002) to verify the level of leaf fall synchronicity 
within and among species around an average angle 
(µ), which represents the average date on which 
the phenophase occurs with highest frequency. 
Th raligh tt (p), based on dates of field 
visits, points out the probability of the data being 
randomly distributed around the circle of 360°. 
Thf, if th p i igi¿at, th phpha 
is concentrated among a date instead of being 
uniformly or randomly distributed around the 360°. 
Circular analysis also generates an average vector 
length (r) that represents a concentration measure 
of frequencies around the estimated mean angle, 
ranging from 0, a complete asynchrony of the 
event, to 1, which represents the highest possible 
h (Za 1996). Thi am aali wa 
performed to species groups of leaf phenological 
bhavi a gwth fm. Th Wat-Willia 
tt wa  t itif i൵ i laf fall 
timing among these groups when mean angle was 
igi¿at (Za 1996, Gii t al. 2009).

T valat th ifl f pipitati 
and photoperiod on leaf phenology we performed 
multiple stepwise regression analyses in Statistica 
8.0 software, according to Marques et al. (2004). 
We performed two multiple stepwise regression, 
a pt vaiabl: th ¿t aal i 
the monthly leaf fall intensity and the second 
analyses considered the monthly frequency of leaf 
flushing, both versus six independent variables 
of lag time as follows: (1) the photoperiod of the 
current observation month, (2) the photoperiod of 
the previous month, (3) the photoperiod of two 
mth bf th ¿t, (4) th pipitati f th 
current observation month, (5) the precipitation of 
the previous month, (6) the precipitation of two 
mth bf th ¿t. 

RESULTS

elv f th 15 ti pi (74%) hibit 
mi-i bhavi (Tabl I); l tw pi 

were evergreen [Eremanthus incanus (Less.) Less. 
and Cordiera concolor (Cham.) Kuntze] and the 
other two were deciduous [Kielmeyera regalis 
Saddi. and Microstachys corniculata (Vahl) 
Gib.]. Th aifall a phtpi f th 
studied period are represented in Figure 2. 

Th avag agl (µ) a th lgth f th 
mean vector (r) of leaf fall beginning and peak for 
ah ti pi a pt i Tabl I. I 
general, leaf fall’s beginning appeared to be more 
synchronized than leaf fall’s peak. E. incanus, K. 
regalis, Calyptranthes cordata O. Berg, and C. 
concolor had synchrony above 0.9, for both leaf 
fall beginning and peak (see r val i Tabl I). 
Th vall ata  i ila aali hw 
a significant central tendency of the leaf fall 
beginning in early April (i.e., end of wet season) 
(Z = 92.57; P< 0.001) and the leaf fall peak in 
early August (i.e., end of dry season) (Z = 69.02; 
P< 0.001) (Tabl II). Laf fall wa hiz 
among the studied species: the length of the mean 
vector (r) was 0.794 and 0.685, for the beginning 
a pak f laf fall, ptivl (Tabl II). 
When all species were analyzed together, data 
wa tgl iÀ b gp with i൵t 
phenological strategies and growth forms that have 
more species and consequently, more individuals 
(e.g., semi-deciduous and shrubs).

Th wa a igifiat iff i laf 
fall timing among phenological groups (Watson-
Willians, P< 0.01 for all pairs). Deciduous species 
started the leaf fall earlier than the other species (in 
March, end of wet season, Fig. 3a) (Z = 13.106; P< 
0.001). Semi-deciduous species started it in April 
(beginning of dry season, Fig. 3a) (Z = 76.962; P< 
0.001), and evergreen species in May (Z = 13.584; 
P< 0.001). Th laf fall pak wa i൵t l 
between evergreen and semi-deciduous (F = 5.013; 
P< 0.05). Th tim btw th bgiig a 
pak f laf fall al i൵ amg phlgial 
i൵t gp (Wat-Willia, P< 0.05 for all 
pairs). Evergreen species reached their leaf fall 
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peak in a shorter time than semi-deciduous and 
i pi (Tabl III).

Evergreen species showed continuous leaf 
Àhig thgh th t pi; mi-i 
species showed slight pauses, while deciduous 
pi ha th lgt laÀ pi (Fig. 3b). 
Laf Àhig fq wa high ig th ai 
season, decreasing in March (i.e., end of the rainy 
season) in deciduous species, and two months later 
i mi-i pi. Th lwt fq f 
laf Àhig wa ah i Jl, a it ia 
at the end of the dry season (Fig. 3b). Some species 
showed no leaf flushing during the dry season, 
fllw b highl hiz Àhig at th 

beginning of the wet season, as occurred with the 
deciduous K. regalis. 

Despite this apparent relationship between leaf 
phenology and precipitation, the multiple stepwise 
regression analyses showed no significance. 
Hwv, laf fall itit hw a igi¿at 
negative relationship to photoperiod of the previous 
month (r2= 0.2522, F= 75.248, P < 0.0001, Fig. 4). 

Regarding the growth form of the studied 
species, two of them were considered trees, 
i hb, a f b-hb (Tabl I). Th 
phlgial bhavi f th i൵t gwth 
forms is exhibited in Figure 3 (c-d), showing in 
general that sub-shrubs species had a tendency of 

TABLE II
Result of circular statistics on the phenological variables analyzed for all species together (n=15) and species grouped 
by phenological strategy (11 semi-deciduous, 2 deciduous, and 2 semi-deciduous) and growth form (9 shrubs, 4 sub-

shrub, and 2 trees). Mean Vector value (µ) is the average angle of each group; the Length of Mean Vector (r) represents 
the synchrony of the phenophase; the date is the correspondent month to mean vector angle; and the Rayleigh Test 

(Z) is the statistic of circular analysis (i.e., it points out the probability of data being randomly distributed around the 
circle of 360°). Di൵erent superscript letters correspond to di൵erent mean vector values, according to Watson-Williams 

test, which was used to compare the Mean Vector among the groups. 
Mean vector (µ) Length of mean vector (r) Date RayleighTest (Z) P value

Leaf fall beginning
All species* 93° 0.794 Early April 92.572 < 0.001
Phenological behavior
Evergreen 139°C 0.731 May 13.584 < 0.001
Semi-deciduous 93°B 0.859 Early April 76.962 < 0.001
Deciduous 60°A 0.872 Early March 13.106 < 0.001
Growth form
T 112°b 0.821 April 14.141 < 0.001
Shrub 98°b 0.792 Early April 54.559 < 0.001
Sub-shrub 74°a 0.859 March 28.77 < 0.001
Leaf fall peak
All species* 213° 0.685 Early August 69.02 < 0.001
Phenological behavior
Evergreen 191°A 0.736 July 10.841 < 0.001
Semi-deciduous 220°B 0.64 August 44.838 < 0.001
Deciduous 206°AB 0.96 Late July 16.455 < 0.001
Growth form
T 212°ab 0.408 Early August 3.49 < 0.05
Shrub 221°b 0.765 August 50.862 < 0.001
Sub-shrub 195°a 0.71 July 19.672 < 0.001
*Wh all pi w aalz tgth, ata wa tgl iÀ b gp with i൵t phlgial tatgi a 
growth forms that have more species and consequently, more individuals (e.g., semi-deciduous and shrubs).
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Figure 3 - Average values of leaf fall intensity (a) a fq f laf Àhig (b) in semi-deciduous (n = 11), deciduous (n 
= 2), and evergreen species (n= 2). Average values of leaf fall intensity (c) a fq f laf Àhig (d) in trees (n=2), 
shrubs (n=9), and sub-shrubs (n=4). Grey horizontal bars highlight the rainy season months.

TABLE III
Mean Vector value (µ), which in this case, represents the average angle di൵erence between the beginning and the peak of 
leaf fall. The mean vector was calculated for all species together (n=15), and species grouped by phenological strategy (11 
semi-deciduous, 2 deciduous, and 2 semi-deciduous) and growth form (9 shrubs, 4 sub-shrub, and 2 trees). The angle was 
transformed into days considering 1 day = 0.9863 degrees as an estimative of the number of days between the two dates. 

Watson-Williams test was used to compare the Mean Vector among groups. Di൵erent letters correspond to di൵erent mean 
vector values, according to Watson-Williams test that was used to compare the Mean Vector among the groups.

Mean vector (µ) Length of mean vector (r) Nº days between leaf fall beginning and peak
All species* 116° 0.647 118 
Phenological behavior
Evergreen 53°A 0.964 54
Semi-deciduous 123°B 0.674 125
Deciduous 147°C 0.863 149
Growth form
T 102°a 0.648 103
Shrub 121°a 0.67 123
Sub-shrub 115°a 0.61 117

*Wh all pi w aalz tgth, ata wa tgl iÀ b gp with i൵t phlgial tatgi a gwth 
forms that have more species and consequently, more individuals (e.g., semi-deciduous and shrubs).
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high laf fall itit a lw laf Àhig 
fq tha t a hb. Th laf Àhig 
frequency was almost constant for trees. Sub-
hb, hb, a t i൵ fm ah th 
in their leaf fall beginning (Watson-Willians, P< 
0.01 f bth pai, Tabl II). Th ila aali 
pointed out a central tendency of sub-shrubs leaf 
fall to begin in March (Z = 28.77; P< 0.001), and 
shrubs (Z = 54.559; P < 0.001) and trees, in April 
(Z = 14.141; P < 0.001). Th laf fall pak l 
i൵ btw hb a b-hb (Wat-
Willians, P< 0.01) (Tabl II). Th pak f laf fall 
for sub-shrubs was in July (Z = 19.672; P < 0.001) 
and for shrubs it was in August (Z = 50.862; P < 
0.001). Th timig btw th bgiig a th 
pak f laf fall i t i൵ amg gwth fm 
groups (Watson-Willians, P> 0.05 for all pairs) 
(Tabl III). 

DISCUSSION

BIF species exhibited different leaf exchange 
patterns in response to the stressful conditions 
imp b thi vimt. Th majit f 
species had a semi-deciduous behavior and shed 
their leaves mainly during the dry season, with the 
laf Àhig at th  f thi a. dpit th 
remarkable dry season, our results lead us to suggest 
that photoperiod, more than precipitation, drives 

the leaf phenology of BIF species, independent of 
growth forms (trees, shrub, and sub-shrub). 

In dry environments, evergreen and deciduous 
pi it i i൵t ppti, pig 
upon humidity and soil conditions (Murphy 1986). 
BIF species were initially posited to exist under 
a trade-off between two conflicting priorities: 
replacement of leaves in the face of temporal 
availability of resources (deciduous species) or 
maintenance of leaves (evergreen species) in face 
of general resource poverty. According to Grime 
(2002), species in the least fertile environments 
retain their crowns to save resources, thus behaving 
mainly as evergreens. In this study, only two 
species were evergreens and we found mostly semi-
deciduous species. Grime’s hypothesis was that 
few species would lose all their leaves in stressful 
environments and our present study supports this, 
a l 13% f pi w i. Th timig 
between leaf fall beginning and peak observed in 
thi wk l b a iiativ f i൵t laf 
life-span among evergreen, semi-deciduous, and 
deciduous species, with a longer leaf life-span in 
th ¿t tw gp f pi wh mpa t 
the last one. Species with long leaf lifespan would 
have a strategy to reduce the nutrient cycling rates 
between plants and soil, minimizing leaching loss 
(Mk 1996). Thi il th highl ffiit 
nitrogen translocation from old leaves to the new 
organs sinks (Hikosaka 2005).

Th lw gwth f pi  tig 
periods can also be interpreted as an important 
defense mechanism, like an escape strategy against 
some herbivores. Considering the preference of 
herbivores for young leaves, instead of expanded 
ones (Lieberman and Lieberman 1984), plants 
should avoid their production of buds during the 
pak pi f fliv ativit. Th laf pai 
during low rainfall could reduce leaf consumption 
by herbivore insects (Murali and Sukumar 1993), 
a th mg fm thi iapa aft th ¿t 
rains (Wright 1996). According to our data, leaf 

Figure 4 - Negative relationship between leaf fall intensity and 
photoperiod (minutes) of the previous month (r2= 0.2522, F= 
75.248, P<0.0001) highlighting semi-deciduous, deciduous, 
and evergreen species.
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shooting restarted at the end of the dry season for 
i a mi-i pi. Th tat 
of shoot growth a few months before the rainy 
a l pvt hbiv amag. Thi ma 
be an adaptive behavior in tropical ecosystems, to 
the increase of day length after the spring equinox, 
which is an indicator of the upcoming rainy season 
(Riveira et al. 2002). Early shooting, before the 
wet season, allows plants to maximize their growth 
when this favorable growing period arrives (Bollen 
a dati 2005). Thf, plat fm i൵t 
but unproductive and dry environments could 
respond with similar strategies to save energy, 
regardless of geographical area. 

Another important factor is the anti-herbivore 
defense. Species with persistent leaves have better 
defense mechanisms than species with ephemeral 
lav (cl a Ba 1996). Th, t ap 
fm ij a fft th lw ivtmt i 
defense mechanisms, leaves of deciduous and 
mi-i pi ma pa qikl, Àh 
synchronously, or be produced during the dry 
season when herbivores are rare (Coley and Barone 
1996), like observed in our study.

Leaf phenological behavior seems differed 
among study species’ growth form; however, we 
are aware of the limitations of low number of tree 
species, which is a consequence of low diversity 
of tree species in the studied open herbaceous-
shrub vegetation. Sub-shrubs species had earlier 
laf fall a laf Àhig iapa tha t a 
hb. Th majit f th ti pi w 
considered shrubs, a predominant growth form for 
plant species that occur in BIF environments. In 
general, they exhibited leaf fall increasing during 
th  a a laf Àhig iaig at th 
end of the dry season, with the highest frequency 
during the rainy season. It had been mentioned 
that shrub species from stressful environments can 
extract water from dry soils at low water potential 
or present root foraging strategy that enhance 
water uptake (Butcher et al. 2009, Messias et al. 

2011). Further investigations involving growth 
form and root systems in ferruginous fields are 
required (Schenk and Jackson 2002) to clarify their 
consequences on leaf phenology.

Th timig f laf fall a laf Àhig a 
usually linked with changes in environmental 
iti (F 1998). Thi t hw a 
important relationship between photoperiod and 
the synchrony of phenological events. Leaf fall 
itit hw a igi¿at gativ latihip 
to photoperiod of the previous month. Dominant 
൵t f phtpi a a pitabl tigg f 
phenology when compared to rainfall was also 
f b Maq t al. (2004) f i൵t lif 
form species of Araucaria Forest in Southern 
Brazil. Considering that in the tropics, the inter-
annual variability in rainfall is large (Borchert 
1998) and the photoperiod does not change 
from year to year or with climate (Bauerle et al. 
2012), the decline of photoperiod appears to be 
an inductor of high synchronism in the timing of 
laf abii. Th bgiig f laf hig a 
decreasing of new leaf production would be then 
hal b th mig  a. Th a i 
day length indicates an upcoming less productive 
season and its increase, after the spring equinox, 
indicates an upcoming rainy season (Riveira et 
al. 2002), which can be a favourable period for 
plant growth. In BIF, trees show continuous leaf 
Àhig, bt hb a b-hb, whih a th 
most common growth form in this environment, 
increase new leaf production at the end of dry 
a. Th phtpii mlati  laf 
phenology of BIF species certainly promotes their 
¿t i thi tfl vimt b ptimizig 
their photosynthetic gain during the wet season. 
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