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Detecting the growing season variability of terrestrial vegetation is crucial for identifying ecosystem responses to recent 
climate change at seasonal and interannual timescales. Plant material becomes litter through natural aging or physical 
damage and subsequently undergoes degradation via various environmental and biological processes. These processes 
are influenced by abiotic variations, such as photoperiod, variations in temperature and precipitation throughout the 
year, and variations in the water table level in flooded or flood-prone areas. Here, we determined the composition and 
dynamics of litter in a vereda (a hygrophilous ecosystem typical of the Brazilian Cerrado, characterised by the presence 
of the Mauritia flexuosa palm tree emerging in the wetter zones) and evaluated the relationship between this variation 
and abiotic variables. Thirty biomass interception collectors were installed in delimited plots. The intercepted litter was 
collected, weighed monthly, and stratified into the following fractions: leaf, stem, reproductive material, and debris. The 
deposition was compared for all months in two years (2019 and 2020), and circular analyses were performed to identify 
temporal patterns. To determine the influence of climatic and environmental variables on monthly litter deposition, we 
used multiple regression analysis. Litter production over the years varied among portions, with the leaf portion being the 
most representative material, followed by the reproductive material, stem, and detritus. The greatest litter production oc-
curred from August to November, which corresponded to the last months of the driest period of the year and the beginning 
of the rainy season. However, neither for the total deposition nor for each stratum separately, the phenological pattern 
showed significant seasonality, but was related to the abiotic analysed here, mainly the water table level.

Key words: hydrological regime, hygrophilous forest, leaf fall, organic matter input, phenology, reproductive 
material, seasonality

Introduction
Detecting the growing season variability of ter-

restrial vegetation is crucial for identifying ecosystem 
responses to recent climate change at seasonal and in-
terannual time scales (Piao et al., 2019; Zhou et al., 
2023). On a global scale, it is observed that alterations 
in temperature and precipitation patterns are modify-
ing not only the duration of growing seasons, but also 
the intensity and synchrony of phenological process-
es (Piao et al., 2019; Zhou et al., 2023). In savanna 
ecosystems, characterised by a marked alternation 
between dry and rainy seasons, litter production and 
decomposition are key processes regulating nutrient 
cycling and carbon storage, and assume a central role 
in maintaining biogeochemical cycles (Vital et al., 
2004; Caldeira et al., 2008; Giweta, 2020; Borma et 
al., 2022; Anandita et al., 2024). Litter constitutes the 
primary vehicle for the transfer of carbon and nutri-
ents from vegetation to soil, directly influencing soil 
fertility, microbial activity and primary productivity, 
and is primarily controlled by abiotic drivers such as 
precipitation, temperature and fire regimes (Vital et 
al., 2004; Caldeira et al., 2008; Giweta, 2020; Borma 
et al., 2022; Anandita et al., 2024; Singh et al., 2025). 
However, the abiotic controls of litter dynamics in the 

neotropical savannas of the Brazilian Cerrado remain 
poorly quantified, particularly in its wetland forma-
tions. Understanding the phenological dynamics of 
leaf and non-leaf shedding is therefore essential for 
quantifying litter deposition and the processes that 
govern it (Ma Z. et al., 2022).

Plant material becomes litter through natural se-
nescence or physical damage and is subsequently de-
composed via photodegradation, wind action, herbivo-
ry, detritivory and microbial activity. These pathways 
are modulated by abiotic variation in photoperiod (day 
length and light exposure), temperature, precipitation 
and, in flooded or flood-prone areas, water table depth 
(Phillips et al., 2016; Ma Z. et al., 2022). Once on the 
soil surface, litter continues to affect its surroundings 
by altering light penetration, buffering soil tempera-
ture, reducing water evaporation and providing a sub-
strate that influences nutrient availability and seedling 
establishment (Phillips et al., 2016; Ma Z.Y. et al., 
2017; Ma Z. et al., 2022). The processes governing the 
transformation of plant material into litter and its sub-
sequent decomposition constitute a complex network 
of interactions between biotic and abiotic factors. Leaf 
senescence represents not only a mechanism for the 
renewal of photosynthetic tissues, but also an adaptive 
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strategy of plants to conserve resources during periods 
of water or nutritional stress (Borchert et al., 2002). 
Once detached from the plant, foliar material initiates 
a trajectory of chemical and physical transformations 
that are mediated by a diverse community of decom-
poser organisms, including fungi, bacteria, detritivore 
invertebrates and soil mesofauna and macrofauna 
(Moreira & Siqueira, 2006).

The magnitude and direction of these effects are 
largely determined by litter quantity and chemical 
composition (Cornwell et al., 2008; Castro-Díez et 
al., 2012; Bansal et al., 2014). The chemical composi-
tion of the deposited material, including the concen-
trations of lignin, cellulose, nutrients and secondary 
compounds, determines the rate of decomposition and 
the quality of nutrients released to the soil (Cornwell 
et al., 2008; Castro-Díez et al., 2012; Bansal et al., 
2014). The rate and efficiency of these decomposition 
processes are strongly modulated by the microclimat-
ic conditions created by the litter layer itself, which 
acts as a thermal and hydric regulator of the soil en-
vironment (Ma Z.Y. et al., 2017; Ma Z. et al., 2022). 
Furthermore, the overall influence of litter on the mi-
croenvironment is closely linked to broader environ-
mental factors, such as soil characteristics, climate and 
weather patterns, as well as the local biota, resulting 
in complex interactions between litter and multiple 
ecosystem functions (Bansal et al., 2014; Phillips et 
al., 2016; Ma Z.Y. et al., 2017; Ma Z. et al., 2022). 
Consequently, any alterations to litter quantity or qual-
ity, whether through natural events or human inter-
vention, could potentially trigger far reaching effects 
across different trophic levels within the ecosystem.

Litter production can also be influenced by vege-
tation type, successional stage and soil characteristics 
(Pinto et al., 2008; Calvi et al., 2009; Bansal et al., 
2014; Obando Guzmán et al., 2023). Aboveground 
litter is composed of leaves, branches, bark, flowers, 
fruits, seeds and other plant material, whose inputs 
vary throughout the year (Cianciaruso et al., 2006). 
However, in general, leaves tend to be produced in 
greater quantities and also deposited more frequently, 
especially during periods of leaf fall. Previous stud-
ies have indicated that quantifying both the amount 
and composition of litter is an efficient way to assess 
the resilience of an area and can serve as an indirect 
descriptor of conservation status (e.g. Silva, 2008). 
In this context, litter production and the return of nu-
trients are one of the main pathways of the biogeo-
chemical cycle (Villa et al., 2016), and the study of 
this material can assist in the maintenance and natural 
conservation of forest ecosystems (Lima et al., 2015). 
Understanding the relationship between soil and veg-

etation, as well as the dynamics of organic matter 
and other nutrients, is a way to better understand the 
ecological processes in this ecosystem, in addition to 
providing information that can be used for its protec-
tion and support restoration projects in areas that have 
already been affected by human activity.

In tropical regions, many vegetation formations 
are strongly affected by human activities, with con-
sequences at multiple levels, including shifts in litter 
deposition. This is particularly evident in the Brazilian 
Cerrado, one of the world’s largest tropical savanna 
regions and a global biodiversity hotspot (Myers et al., 
2000). The Cerrado covers approximately 2 000 000 
km2, spans ten federal states and borders all other 
major Brazilian biomes (Pereira et al., 2026; Ratter 
et al., 1997; Carvalho & Marques-Alves, 2008), and 
presents a structural and functional complexity that 
reflects variations in topography, soil depth, water 
availability and disturbance history (Cordeiro et al., 
2021; Ratter et al., 1997). Its high diversity is reflect-
ed in the richness of herbaceous, shrubby, arboreal 
and climbing plant species (Mendonça et al., 2008). 
In spite of being broadly classified as a savanna, the 
Cerrado does not constitute a homogeneous forma-
tion, but rather encompasses a complex mosaic that 
varies from open grassland formations to dense for-
ests, passing through shrubby and arboreal savannas 
of different densities, including wetland formations 
such as veredas (Boaventura, 2007; Ribeiro & Wal-
ter, 2008; Nunes et al., 2022). However, expansion of 
the agricultural frontier has led to severe habitat loss 
and fragmentation, driving intense landscape trans-
formation and drastically reducing native vegetation 
cover (Mittermeier et al., 2004).

Veredas, in particular, represent one of the most 
unique and ecologically important ecosystems of 
the Cerrado, although they occupy a relatively small 
fraction of the landscape (Nunes et al., 2022). Vere-
das are a prominent formation because they occur 
in spring areas and groundwater discharge zones, 
where the permanent or seasonal presence of wa-
ter close to the soil surface creates edaphic and mi-
croclimatic conditions distinct from those found in 
adjacent savanna formations (Meirelles et al., 2004; 
Drummond, 2005; Azevedo et al., 2009; Nunes et 
al., 2015). Considered ecological oases (Boaventu-
ra, 2007), these ecosystems play a key role in the 
geo-ecological and hydrological balance of the Cer-
rado’s drainage network, acting as perennial sources 
and regulators of streamflow, aquifer recharge areas, 
and natural filters that improve water quality (Ra-
mos et al., 2006; Bahia et al., 2009; Munhoz et al., 
2011). They also function as natural ecological cor-
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ridors for fauna and flora, interconnecting ecosys-
tems and maintaining gene flow among populations 
(Boaventura, 2007; Bahia et al., 2009). Veredas typ-
ically occur along plateau edges, valley bottoms and 
headwater zones, where they receive water and sed-
iments from surrounding soils (Boaventura, 2007).

Despite the ecological and hydrological impor-
tance of veredas, quantitative studies on litter deposi-
tion dynamics in these ecosystems remain scarce in 
the scientific literature. Most of the available knowl-
edge on litter production in the Cerrado comes from 
studies conducted in drier savanna physiognomies, 
such as cerrado sensu stricto and cerradão, or in for-
est formations such as gallery forests (Cianciaruso 
et al., 2006; Silva et al., 2007; Sanches et al., 2009). 
These formations, although they share some charac-
teristics with veredas, differ fundamentally in terms 
of hydrological regime, floristic composition and soil 
structure (Nunes et al., 2015, 2022). Veredas present 
environmental conditions that may partially decouple 
vegetation phenology from the classical patterns ob-
served in seasonally dry savannas, making specific 
investigation of these ecosystems essential. Addition-
ally, veredas have been facing increasingly anthropo-
genic pressures in recent decades, including drainage 
for agricultural expansion, intensive grazing, ground-
water extraction and alterations in fire regimes (Ávila 
et al., 2021; Nunes et al., 2022; Santos et al., 2023), 
resulting in desiccation and degradation processes 
that compromise their structural and functional integ-
rity (Rosolen et al., 2015).

Soils in veredas are characteristically waterlogged 
because the water table lies close to the surface (Ol-
iveira, 2014). The vegetation of veredas is character-
istically hygrophilous, with morphological and physi-
ological adaptations that permit the colonisation of 
waterlogged and oxygen-poor soils (Oliveira, 2014). 
Veredas are composed of hydrophilic communities, 
generally formed by a continuous herbaceous-grassy 
stratum and another arboreal-shrub stratum (Drum-
mond, 2005; Ribeiro & Walter, 2008), with the charac-
teristic presence of grouped or aligned individuals of 
the palm tree Mauritia flexuosa L.f., frequently form-
ing linear groupings along watercourses or arranged 
in clumps in the wettest zones, which constitutes the 
most evident landscape signature of these ecosystems 
(Carvalho et al., 2018). These soils typically contain 
high amounts of organic matter, and the associated 
microbial communities are responsible for key func-
tions, particularly the decomposition of organic mat-
ter and particle aggregation (Moreira & Siqueira, 
2006). Soil quality strongly influences the vegetation, 
as plants obtain nutrients necessary for establishment 

and growth from the soil and return part of these nu-
trients as leaf litter, which is decomposed by microor-
ganisms, maintaining nutrient cycling and ecosystem 
integrity (Vital et al., 2004). Because leaf litter con-
stitutes the primary pathway of nutrient transfer from 
vegetation to the soil and helps to sustain soil fertility 
and environmental quality (Caldeira et al., 2008), here 
we determine the composition and temporal dynamics 
of litter production in a vereda ecosystem. Based on 
previous studies in tropical savannas and wetlands, we 
hypothesised that: (i) the total litter production would 
show a marked seasonal pattern, with higher inputs 
during the dry months due to intensified leaf fall; (ii) 
leaves would constitute the dominant fraction of the 
total litter input, as reported for other tropical forma-
tions, including veredas; and (iii) monthly litter inputs 
would be significantly related to abiotic variables, par-
ticularly photoperiod, mean temperature, precipitation 
and water table level.

Material and Methods
Study area
The study was carried out in the Almescla vere-

da, located within the River Pandeiros Environmen-
tal Protection Area (EPA of the River Pandeiros; 
15.367817° S, 44.918981° W; Fig. 1a,b,d) in the mu-
nicipality of Bonito de Minas, northern Minas Gerais, 
Brazil. The research area is notable for its rich, yet 
endangered, biodiversity (Myers et al., 2000). Spe-
cifically, the veredas in the region are experiencing 
desiccation, with springs disappearing (as reported by 
locals and confirmed through visual inspection). The 
landscape exhibits various human-induced activities, 
including animal husbandry, agriculture, pasturing, 
wood harvesting, and fire use (Ávila et al., 2021; 
Nunes et al., 2022). Despite these challenges, some 
locations still show surface water from underground 
sources, and the vegetation maintains a typical struc-
ture of water-loving environments, featuring two 
primary zones: open areas and hygrophilous forest. 
Almescla vereda has dense vegetation and exudation 
of the water table in the bottom zone. 

The regional climate is tropical savanna (Aw), 
with dry winters and rainy summers (Alvares et al., 
2013). Following Azevedo et al. (2014), the climate is 
characterised by a prolonged dry season from May to 
September and a core rainy period between November 
and January. The remaining months (February–April 
and October) represent transitional periods at the on-
set and end of the rainy season. During the study peri-
od (January 2019 to December 2020), meteorological 
data were recorded by an automated weather station 
installed within the vereda (Davis Vantage Pro 2 Plus).
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Fig. 1. Location of the Almescla vereda (a and b), in the Pandeiros Environmental Protection Area, municipality of Bonito de Minas, 
North of the State of Minas Gerais, Brazil; collectors used for sampling litter deposition (c); aerial view of the Almescla vereda (d).

Data collection
We established 30 permanent plots (20 × 10 m; 200 

m2 each) in the hygrophilous forest zone of the vereda, 
spaced 150 m apart, marked at the hygrophilous for-
est of the vereda. In each plot, the litter produced was 
intercepted by means of collectors made of PVC pipe 
and 1 mm nylon mesh, with dimensions of 50 × 50 cm, 
totalling an area of 0.25 m2 and installed 30 cm above 
the ground inside each plot (Fig. 1c). Collectors were 
mounted 30 cm above the ground at a standardised posi-
tion within each plot to minimise edge effects (Fig. 1c). 

Litter was collected monthly from all collectors 
between January 2019 and December 2020, at approx-
imately 30-day intervals and on previously defined 
dates. After each field campaign, the material from 
each collector was placed in labelled paper bags and 
transported to the Plant Ecology Laboratory (LEVE) at 
the State University of Montes Claros (Brazil). In the 
laboratory, litter was sorted into fractions (leaf, stem, 
reproductive material and detritus) and oven-dried to 
constant mass before being weighed on an analytical 
balance with a precision of 0.0001 g.

Data analysis
To characterise the seasonality of litter deposi-

tion, we applied circular statistics using the software 

Oriana (Kovach, 1994). We analysed the total month-
ly litter input for the entire period (2019–2020) and 
for each litter fraction separately (leaf, stem, repro-
ductive material and detritus). For this purpose, the 
circular standard deviation, circular mean (µ), and 
length of the mean vector (r) were calculated, which 
represents how the data are grouped around the mean 
(0 – uniformly distributed, 1 – clustered). We then 
applied the Rayleigh test of uniformity to evaluate 
whether litter deposition showed a preferred direction 
on the circular scale (p < 0.05 indicating a significant 
departure from uniformity, i.e. a seasonal concentra-
tion of litterfall). For each year, the months were con-
verted into angles, with 0° = January, successively up 
to 330° = December, at 30° intervals.

To determine the influence of climatic and 
environmental variables (photoperiod, mean tem-
perature, precipitation, and water table level (pre-
dictor variables)) on the monthly input of litter and 
each strata in the years studied, we used multiple 
regressions in the vegan package (Oksanen et al., 
2015) in the R program (R Core Team, 2022). Pre-
viously, we tested the relationships between vari-
ables using Spearman correlations. As the variables 
showed low correlation (Spearman correlations: 
rs = -0.37 ≤ 0.38; n = 24 months), all the environ-
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mental variables mentioned above were included 
in the model. To select the simplest and most parsi-
monious model supported by the data, we selected 
models based on the Akaike Information Criterion 
(AIC) (Burnham & Anderson, 2002). The water ta-
ble depth was measured monthly in three monitor-
ing wells distributed along the vereda, using an HS 
electronic water-level meter (hydrosupplies, model: 
ASNA-30; Nunes et al., 2022), providing a time 
series of groundwater fluctuations to be used as an 
environmental predictor in the regression analyses.

Results
The total litter production peaked between Au-

gust and November, coinciding with the end of the 

dry season and the onset of the rainy season (Fig. 2, 
Table 1). Circular analyses indicated that the total 
litterfall was concentrated mainly around October in 
both years (mean angle µ ≈ 290° in 2019 and 270° 
in 2020; Table 1). Leaf deposition also showed its 
highest concentration in October in both years. Stem 
deposition peaked in December 2019 and October 
2020, whereas reproductive material was concen-
trated mainly in February 2019 and December 2020. 
Although the Rayleigh test indicated significant de-
partures from uniformity for all fractions (p < 0.05; 
Table 1), mean vector lengths were low (r ≤ 0.32), 
indicating a weak concentration of litterfall over the 
year and the absence of a sharply defined seasonal 
pattern in total or fraction-specific deposition.

Fig. 2. Circular histograms and percentage graphs of the frequencies of peaks in the intensity of litter deposition and its dif-
ferent portions in Almescla vereda in 2019 (a) and 2020 (b). Some colours in the histograms do not appear visible because of 
the low number of samples for some fractions. The graphs on the right show the percentage of each portion from January to 
December (i.e. 1 – January, 2 – February, … 12 – December).

Table 1. Results of circular analyses of total litter deposition and its fractions in Almescla vereda in 2019 and 2020. The table 
shows the values for the circular mean (µ), the mean group, the length of the mean vector (r), which represents how the data 
are grouped around the mean (0 = uniformly distributed, 1 = clustered), and the concentration. In addition, the results for the 
Rayleigh test (Z) are presented, where p < 0.05, indicates a unimodal distribution and, therefore, seasonality in the litterfall 
deposition patterns if mean vector length (r) > 0.5.

Results Total Leaf Stem Reproductive material Detritus

Sampling year 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

Mean vector (µ) 290.226° 270.403° 278.255° 285.662° 341.001° 292.501° 42.17° 359.547° 308.37° 313.818°

Mean group October October October October December October February December November November

Mean vector length (r) 244 214 321 206 220 211 200 116 282 186

Concentration 503 439 678 421 452 432 408 234 588 379

Rayleigh Test (Z) 178.36 157 249 113 13.492 12.845 8.152 4.122 16.052 5.554

Rayleigh Test (p) 0 0 0 0 0 0 0 16 0 4
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To evaluate the influence of abiotic variables on 
litter deposition, we selected the simplest and most 
parsimonious models supported by the data using the 
AIC, with lower AIC values indicating stronger model 
support. Thus, the values of the variables contained 
in the best model for each composition are present-
ed. Multiple regression models revealed that the total 
litterfall was positively associated with the mean air 
temperature and water table level (Fig. 3, Table 2). 
Leaf deposition was negatively associated with the 
photoperiod and positively associated with the mean 

temperature and water table level. Stem deposition 
increased with the increasing mean temperature and 
water table level. For reproductive material, photoper-
iod and water table level showed significant positive 
relationships with monthly inputs. Detritus deposition 
was positively associated with the mean temperature 
and water table level (Fig. 3, Table 2). Collectively, 
these results indicate that intermonthly variation in lit-
terfall in the vereda is stronger related to abiotic driv-
ers, particularly temperature and water table level, 
than to a simple binary dry wet seasonal pattern.

Fig. 3. Graphs showing the relationships between the abiotic variables (photoperiod, mean temperature, total precipitation and 
water table level) analysed and the total litter deposition and its portions (leaf, stem, reproductive material, detritus and total 
deposition) in Almescla vereda in the period from January 2019 to December 2020.
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Table 2. Correlations between litter deposition and environmental variables (photoperiod, mean temperature, total precipita-
tion, and water table) in Almescla vereda from January 2019 to December 2020

Lc N AICi AICf R2 F p-values Int P (h) Mt (°C) Tp (mm) Wt (m)
Leaf (g) 36 336.21 335.87 0.30 5.92 < 0.0001* 430.86 -57.43 12.08 – 227.31
Stem (g) 36 184.22 181.92 0.29 8.05 < 0.0001* -55.57 – 2.85 – 21.03
Rm (g) 36 202.25 199.23 0.19 5.18 < 0.001* -163.30 14.22 – – 25.70
Detritus (g) 36 160.50 157.36 0.12 3.41 < 0.05* -20.17 – 1.15 – 11.40
Tld 36 341.51 338.86 0.34 9.91 < 0.0001* -240.56 – 11.63 – 307.08
Note: Lc – litter composition, N – number of months, Rm – reproductive material, Tld – total litter deposition, AICi - Akaike Information Criterion initial, 
AICf – Akaike Information Criterion final, Int – intercept, P – photoperiod, Mt – mean temperature, Tp – total precipitation, Wt – water table, p-values with 
«*» represent statistically significant results.

Discussion
Litter production over the two years varied 

among strata, with the leaf portion being the most 
representative material, followed by the reproductive 
material, stem, and detritus. This predominance of the 
leaf fraction is consistent with patterns reported for 
several tropical ecosystems, including other vereda 
formations and Cerrado physiognomies (Cianciaruso 
et al., 2006; Maman et al., 2007; Sanches et al., 2009; 
Silva et al., 2014; Souza et al., 2019; Sales et al., 
2020; Souza et al., 2020). The relative contribution 
of leaves, however, is strongly modulated by the site 
structure, species composition and tree age (Zimmer-
mann et al., 2002). This reflects high and continuous 
leaf productivity driven by elevated photosynthetic 
rates, contrasting phenologies among co-occurring 
species, and rapid responses to short-term environ-
mental variation (Silva et al., 2007). Leaf abscission 
is further controlled by multiple stressors, including 
advanced leaf age, water stress, reduced nutrient sup-
ply, anomalies in precipitation and atmospheric con-
ditions, and herbivory or pathogen attack (Borchert et 
al., 2002). In contrast, stems and reproductive struc-
tures are produced and renewed at lower rates, which 
likely explains their smaller contribution to the total 
litterfall in the studied vereda (Queiroz et al., 2019).

This pattern transcends geographical and physi-
ognomic boundaries, having been consistently docu-
mented in humid forests, seasonal forests, savannas 
and even in transitional formations across diverse 
tropical ecosystems (Bray & Gorham, 1964; Ciancia-
ruso et al., 2006; Queiroz et al., 2019). In the specific 
context of the Cerrado, previous studies in different 
physiognomies have reported leaf dominance in litter 
deposition, although the absolute magnitude of this 
contribution varies as a function of local vegetation 
structure and floristic composition (Zimmermann et 
al., 2002; Silva et al., 2007).

The relatively high contribution of leaves to the 
total litter reflects the high rates of leaf production and 
renewal that characterise vascular plants, particularly 
in tropical environments where climatic conditions 
permit photosynthetic activity almost throughout of 

the year. Leaves, as primary photosynthetic organs, 
are subject to multiple forms of stress and damage, 
including natural senescence, herbivory, pathogen 
attack, mechanical damage by wind and rain, and 
abiotic stresses such as water or nutrient deficiency 
(Borchert et al., 2002). Consequently, the rate of leaf 
replacement tends to be substantially higher than the 
rate of production of new branches or reproductive 
structures (Zimmermann et al., 2002; Queiroz et al., 
2019). Moreover, the relative lightness of leaves, 
combined with their exposed position in the canopy, 
facilitates detachment and subsequent deposition on 
the soil, contributing to the high representativeness of 
this fraction in litter collectors.

Although peaks in total litterfall were detected 
from August to November, coinciding with the late 
dry season and onset of the rainy season, circular 
statistics indicated only a weak concentration of lit-
ter inputs over the year, with low vector lengths and 
no sharply defined seasonal pattern across fractions. 
This partially aligns with classic observations in trop-
ical physiognomies, where litter production tends to 
be relatively continuous through the year but often 
shows maxima in the dry season (Bray & Gorham, 
1964; Souza et al., 2019; Tonin et al., 2021; Wright 
et al., 2021). In many dry tropical systems, an in-
creased leaf fall during the dry season is interpreted 
as a drought avoidance strategy that reduces transpi-
rational water loss (Bray & Gorham, 1964; Morffi-
Mestre et al., 2020; Janssen et al., 2021; Wright et 
al., 2021). On the Almescla vereda, however, the 
relatively weak seasonality in litter deposition sug-
gests that groundwater availability partly buffers veg-
etation against climatic seasonality, decoupling litter 
inputs from a simple dry and wet dichotomy. The 
absence of a sharply defined seasonal pulse in litter 
deposition, despite the occurrence of a prolonged dry 
season (Azevedo et al., 2014), is particularly inform-
ative from a hydrological perspective. In veredas, the 
permanence of shallow groundwater during much of 
the dry season sustains turgor pressure in roots and 
maintains stomatal conductance at levels sufficient 
to delay mass leaf abscission (Nunes et al., 2022). 
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This hydraulic buffer would effectively suppress the 
drought-induced shedding that characterises adja-
cent cerrado formations on well-drained soils, where 
stomatal closure and leaf abscission begin as soon 
as soil water potential falls below critical thresholds 
(Borchert et al., 2002).

The coexistence of multiple plant species with 
contrasting phenological strategies within the hygro-
philous forest zone of the vereda likely further contrib-
utes to the observed temporal spread of litter input. In 
communities with a high species richness and func-
tional diversity, the asynchrony of leaf shedding, flow-
ering and fruiting events among co-occurring species 
tends to distribute organic matter inputs more evenly 
across the year, dampening the emergence of a single 
dominant peak (Cianciaruso et al., 2006; Silva et al., 
2007). This phenomenon is particularly relevant in 
veredas, where the structural complexity of the arbore-
al-shrub stratum generates a baseline of organic input 
that persists even during climatically unfavourable pe-
riods (Sales et al., 2020; Nunes et al., 2022).

Abiotic drivers, particularly temperature and wa-
ter table level, emerged as key correlates of temporal 
variation in litter input. The total litterfall and several 
fractions (leaves, stems and detritus) increased with 
a higher mean air temperature and higher water table 
levels, whereas the photoperiod showed contrasting 
effects, being negatively associated with leaf deposi-
tion and positively associated with reproductive mate-
rial. These patterns indicate that litter supply is tightly 
linked to local abiotic dynamics rather than solely to 
calendar-defined seasons (Morffi-Mestre et al., 2020; 
Ma Z. et al., 2022, Marod et al., 2023). The positive 
association between temperature and litter deposition 
may operate through multiple physiological and phe-
nological mechanisms. Higher temperatures general-
ly accelerate plant metabolic rates, including growth 
and development processes, and are consistent with 
the phenological framework proposed by Piao et al. 
(2019), demonstrated that warming generally accel-
erates biological processes including leaf expansion, 
senescence and abscission. Paradoxically, elevated 
temperatures may also induce thermal stress, particu-
larly when combined with high evaporative demand, 
leading to leaf abscission as a protective mechanism 
(Borchert et al., 2002). Additionally, temperature ex-
erts strong control over the reproductive phenology 
of many plant species (Azevedo et al., 2014), poten-
tially explaining the observed association between 
temperature and reproductive material deposition.

The water table level emerged as a particularly 
robust and consistent predictor of litter deposition 
across all fractions analysed, a pattern fully consistent 

with the ecology of vereda systems, where shallow 
groundwater is a primary determinant of species oc-
currence, persistence and growth (Nunes et al., 2022). 
Higher water table levels may influence vegetation 
phenology through diverse mechanisms, including al-
terations in soil aeration conditions, affecting oxygen 
availability for roots and potentially influencing nu-
trient uptake and plant metabolic activity (Moreira & 
Siqueira, 2006). The negative relationship observed 
between the photoperiod and leaf deposition suggests 
that leaf abscission tends to intensify during periods 
of shorter days (Azevedo et al., 2014). This pattern 
may reflect direct photoperiodic responses, where 
reduction in day length acts as an environmental sig-
nal that triggers leaf senescence processes, or it may 
be an indirect consequence of correlations between 
photoperiod and other environmental variables, such 
as temperature and water availability (Phillips et al., 
2016; Yang et al., 2021; Ma Z. et al., 2022). 

Our results reinforce the view that local-scale 
patterns of tree diversity, growth and biomass produc-
tivity are predominantly controlled by abiotic factors 
(van der Sande et al., 2018), particularly those related 
to soil and water availability, and extend this frame-
work to litterfall dynamics in vereda ecosystems. Lit-
ter deposition constitutes the primary mechanism for 
nutrient return from vegetation to soil in terrestrial 
ecosystems, representing a critical component of bio-
geochemical cycles (Villa et al., 2016; Sayer et al., 
2024). The magnitude and temporal composition of 
litter deposition observed in the studied vereda have 
direct implications for nutrient dynamics and soil fer-
tility (Vital et al., 2004; Caldeira et al., 2008). Frac-
tional composition further modulates nutrient release 
rates, as leaves generally decompose more rapidly 
than woody fractions due to lower concentrations of 
recalcitrant compounds such as lignin (Cornwell et 
al., 2008; Souza et al., 2020). The continuous, year-
round deposition pattern ensures sustained organic 
matter input and supports microbial activity and nu-
trient mineralisation processes (Moreira & Siqueira, 
2006). Moreover, the positive association between 
litter supply and higher water-table levels highlights 
the central role of hydrological dynamics in regulat-
ing ecosystem functioning in vereda systems (Nunes 
et al., 2022). A reduction in groundwater level driv-
en by anthropogenic activities would have cascad-
ing consequences for decomposition rates, nutrient 
mineralisation and the establishment of seedlings of 
hygrophilous species (Vital et al., 2004; Moreira & 
Siqueira, 2006; Souza et al., 2020), potentially driv-
ing a transition towards a plant community dominat-
ed by drought-tolerant species.
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Beyond nutrient cycling and hydrological regu-
lation, litter accumulation also plays a crucial role in 
structuring plant communities, influencing various bi-
otic and abiotic factors within vegetation ecosystems 
(Loydi et al., 2015; Phillips et al., 2016). Plant litter 
serves as a vital connection between above-ground 
and below-ground ecological processes, significantly 
impacting plant-soil biogeochemical cycles and driv-
ing changes in ecosystem community structure and 
functions (Xiao et al., 2015). Additionally, the buildup 
of litter can modify the relative prevalence of plant 
functional groups (Hou et al., 2019) and alter commu-
nity composition (Letts et al., 2015). Furthermore, the 
quality and quantity of litter input shape soil moisture 
retention and temperature buffering capacity, thereby 
modulating the germination and early establishment of 
plant species in the understorey (Bansal et al., 2014; 
Phillips et al., 2016). It can also affect the dynamics 
between competing species (Holdredge & Bertness, 
2011), potentially exerting a substantial influence on 
the temporal stability of plant community biomass.

Conclusions
Based on our results, we can conclude that litter 

production does not exhibit well-defined seasonality 
in the studied vereda. The highest litter production oc-
curred from August to November, which corresponded 
to the last months of the driest period of the year and 
the beginning of the rainy season. The leaf fraction 
contributed the most to litterfall, accounting for the 
largest proportion of total litterfall and reaching the 
highest percentage, followed by the stem fraction and, 
finally, by reproductive material. Through these analy-
ses, it was observed that meteorological conditions and 
abiotic variables influenced the deposition of leaves, 
reproductive material, and total litter throughout the 
months. Because litterfall is a major pathway for the 
return of carbon and nutrients to the soil, changes in 
groundwater regime and regional climate are likely to 
cascade to below-ground processes, with implications 
for regeneration, nutrient cycling and the long-term 
resilience of Cerrado palm swamp systems (veredas). 
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ВЛИЯНИЕ АБИОТИЧЕСКИХ ФАКТОРОВ НА ВРЕМЕННУЮ ДИНАМИКУ 
ОТЛОЖЕНИЯ ПОДСТИЛКИ В ВЕРЕДЕ В СЕРРАДО БРАЗИЛИИ
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Выявление изменчивости наземной растительности в течение вегетационного периода имеет решающее 
значение для определения реакции экосистем на недавние изменения климата в масштабе сезонов и 
нескольких лет. Растительный материал превращается в опавшую листву в результате естественного 
старения или физического повреждения, а затем подвергается разложению посредством различных 
экологических и биологических процессов. На эти процессы влияют абиотические факторы, такие как 
фотопериод, колебания температуры и осадков в течение года, а также изменения уровня грунтовых вод 
в затопленных или подверженных затоплению районах. В данном исследовании мы определили состав 
и динамику опавшей листвы в вереде (влаголюбивой экосистеме, типичной для бразильского Серрадо, 
характеризующейся наличием пальмы Mauritia flexuosa, произрастающей во влажных районах) и 
оценили взаимосвязь между этими изменениями и абиотическими переменными. На размеченных 
участках было установлено 30 устройств для сбора биомассы. Собранный растительный материал 
ежемесячно взвешивали и разделяли на следующие фракции: листья, стебли, репродуктивные органы 
и детрит. Отложение растительного материала сравнивалось за все месяцы двух лет (2019 и 2020 гг.), 
и для выявления временных закономерностей проводился круговой анализ. Для определения влияния 
климатических и экологических факторов на ежемесячное отложение подстилки использовался 
множественный регрессионный анализ. В отложении подстилки за годы исследования отмечено 
варьирование между группами растительного материала, где наиболее репрезентативным материалом 
были листья, и меньшей долей характеризовались репродуктивные органы, стебли и детрит. Наибольшее 
количество подстилки образовывалось с августа по ноябрь, что соответствовало последним месяцам 
самого засушливого периода года и началу сезона дождей. Однако ни для всего объема отложений 
подстилки, ни для каждой группы растительного материала в отдельности фенологическая картина не 
демонстрировала значительной сезонности, а была связана с анализируемыми здесь абиотическими 
факторами, главным образом с уровнем грунтовых вод.

Ключевые слова: влаголюбивый лес, гидрологический режим, листопад, поступление органических 
веществ, репродуктивный материал, сезонность, фенология
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