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Abstract

Background: This study aimed to determine the litterfall production, accumulation, decomposition rate and
nutrient stocks, and to estimate the soil carbon (C) and nitrogen (N) stocks in three palm swamp ecosystems with
different land use intensities in the Southeast of Brazil.

Methods: Three palm swamp ecosystems with different land use intensities were evaluated: Agua Doce (AD),
conserved area; Capivara (CV), area with small agricultural practices; and Buriti Grosso (BG), area with an intensive
land use. Produced and accumulated litterfall from the Cerrado areas surrounding the palm swamps were collected
from October 2014 to September 2015, and the Ca, Mg, K, and P concentrations were determined in the dry and
rainy seasons. Soil samples were collected in the surrounding Cerrado and within the palm swamps until 100 cm
soil depth to determine bulk density and soil C and N contents and stocks.

Results: Annual litterfall production in the Cerrado surrounding palm swamps was similar in AD (3.58
Mg·ha− 1·year− 1) and CV (3.79 Mg·ha− 1·year− 1), and was lower in BG (2.84 Mg·ha− 1·year− 1), and was more intense
during the dry season. Furthermore, litterfall accumulation was higher in CV (7.12 Mg·ha− 1·year− 1) and BG (6.75
Mg·ha− 1·year− 1), culminating in lower decomposition rates. AD showed the highest decomposition rate (0.60) due
to its vegetation structure and conservation. The macronutrient contents from the production and accumulated
litterfall had a low influence of the land use, decreasing in the following order: Ca > K > Mg > P. Soils in CV and BG
palm swamp areas showed higher values of C and N contents, due to the use of land for agricultural crops and
cattle raising in an extensive (rangeland) system. The BG palm swamp, showed the highest C (124.03 Mg·ha− 1) and
N (10.54 Mg·ha− 1) stocks due to the land use history with different agricultural practices over time.

Conclusions: The litterfall dynamics in the Cerrado surrounding palm swamps was more affected by climatic
variables than the intensity of land use, but the litter decomposition was more accelerated in the conserved area.
Anthropic interventions with soil organic matter (SOM) inputs contributed to an increase in soil C and N stocks in
the palm swamp ecosystems.
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Background
The Cerrado (tropical savanna) is the second largest
biome in Brazil in geographical extension, with marked
seasonality and high human interference (Sano et al.
2007). Since the 1970s, this biome has passed through
expressive changes in plant cover, with different systems
of land use and occupation, leading to impacts on the
environment and natural resources (Oliveira and
Marquis 2002). Currently, this biome is the target in the
advance of agrosilvopastoral frontiers, which have not
only led to great losses in biodiversity but have compro-
mised all ecosystem services (Scariot et al. 2005).
Palm swamps (riparian wetlands known as Veredas)

are one of the phytophysiognomies of the Cerrado
biome established in hydromorphic soils that play an im-
portant role in the maintenance of water resources.
Therefore, these palm swamps have considerable bio-
logical, social, and economic importance, and are char-
acterized as efficient ecological corridors and sheltered
areas for bird life in the Cerrado (Tubelis 2009). Palm
swamps have borne significant impacts on suppression
of original vegetation for introduction of agrosilvopas-
toral activities (Eloy et al. 2015). Consequently, the in-
tensive land use can promote changes in the dynamics
of soil organic matter (SOM), which are reflected in soil
carbon and nitrogen stocks (Liu et al. 2006).
Sigua et al. (2006) and Sousa (2013) stated that soil or-

ganic matter and nutrient dynamics in hydromorphic
areas are affected by changes in the environment, aris-
ing, above all, from inadequate soil use and manage-
ment. Thus, it is probable that both in the palm swamps
and in other wetlands, modifications in soil properties
and in their ecological functions may be caused not only
by direct use of these areas, but also by use of the soil in
their adjacent areas (Houlahan et al. 2006). Thus, it is
important to emphasize that Cerrado vegetation sur-
rounding the palm swamps is seen as an area for protec-
tion and maintenance of these ecosystems, mainly in the
lowest topographical areas.
In natural ecosystems of palm swamps, most of the or-

ganic matter accumulated on the soil surface mainly
consists of plant matter coming from the litterfall de-
composition process, which is highly relevant to the nu-
trient cycling (Souza et al. 2019). The decomposition
process results in accumulation of soil organic matter
(SOM) and release of its nutrients (Sousa Neto et al.
2017), maintaining the soil fertility and ecosystem prod-
uctivity. Litterfall decomposition may lead to modifica-
tions in the areas over time (Martins 2010; Richards
et al. 2010). Thus, nutrient cycling through litterfall ac-
cumulation constitutes the most significant way to trans-
fer nutrients in forest ecosystems (Golley 1983).
Therefore, the aim of this study was to estimate the lit-

terfall production, accumulation, decomposition rate

and nutrient stocks in the Cerrado surrounding palm
swamps, and to determine the soil carbon and nitrogen
stocks within three palm swamps areas with different
land use intensities in the Southeast of Brazil.
We hypothesised that (i) litter decomposition rate and

nutrient stocks are greater in the preserved Cerrado sur-
rounding palm swamps, because the litterfall inputs and
enviromental conditions are more favorable for the de-
composition process; and (ii) soil carbon and nitrogen
stocks can be modified by anthropic interventions in the
palm swamp ecosystems, since the agricultural activities
can increase soil organic matter over time.

Methods
Study site
The study areas are located in the municipalities of Bonito
de Minas and Januária as part of the Pandeiros River En-
vironmental Protection Area (EPA) in the Southeast of
Brazil (Fig. 1). According to the Köppen classification, the
climate in the region is hot semi-arid (Bsh), with well-
defined dry and rainy seasons (Inmet 2008).
Considering topography as a parameter of classifica-

tion of palm swamps, as proposed by Ribeiro and Walter
(2008), the study areas have a smoothed surface, i.e.,
there is a slope between the surrounding environment
and the lowest part of the palm swamp. The vegetation
of the three areas surrounding the palm swamps is clas-
sified as Cerrado stricto sensu, i.e., it is characterized by
shorter, leaning and winding trees with a thin trunk and
irregular and twisted branches and a large number of
grasses in the understory. According to the IUSS Work-
ing Group WRB (2015), the soils of the lower part of the
palm swamps were classified as Histosols and, in the
middle and upper edges, as Gleysols. In the Cerrado sur-
rounding palm swamps, the soils were classified as Are-
nosols for the three areas. The granulometric fractions
(sand, silt and clay) were similar among the three types
of soil and the mean of clay content was 50 g·kg− 1 for
the three evaluated areas.
The study was conducted in three areas of palm

swamps at different anthropization stages, which were
managed since the 1960s with different land use inten-
sities as described as follows:

i) Agua Doce (AD): preserved palm swamp
ecosystem, in spite of sporadic natural fires, above
all in the surrounding Cerrado. The palm swamp
was characterized with the presence of typical
species of these environments, such as Mauritia
fleoxuosa and Maurittiela armata, and the
formation zones of the hydromorphic soils are well
defined. The Cerrado surrounding the palm swamp
is also conserved, although it has different strata of
vegetation, due to occurrence of sporadic fire.
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ii) Capivara (CV): this palm swamp ecosystem passed
through human interventions within and in
surrounding areas, which led to silting of the lower
parts near the channel of the palm swamp. The
anthropic interventions were mainly represented by
deforestation of the surrounding Cerrado, by the
extensive system of cattle raising, and by burning to
establishment of annual crops, which contributed to
modification of the natural environment. The soils
near the channel of the palm swamp were highly
variable across the profile evaluated, due to the
silting process.

iii) Buriti Grosso (BG): palm swamp ecosystem located
in a Private Nature Reserve (Reserva Particular de
Patrimônio Natural - RPPN) since 2006. However,
it has a long history of anthropic interventions
beginning in the 1960s from large drainage projects
for agricultural crops. The practice of subsistence
agriculture followed by the rice cultivation in the
hydromorphic soils, and planting of eucalyptus in
the groundwater recharge areas also contributed to
the process of suppression of native vegetation.
Annual crops with the use of burning were also
predominant for a long period in this area until

2006. There was a high mortality rate of the key
species in this palm swamp, such asMauritia
fleoxuosa, as well as transformation of the environment
since the hydromorphic soils were transformed to crop
production, which reduced the perennial nature of
water maintenance throughout the year.

Sampling and data analysis
Litterfall production, accumulation, decomposition, and
nutrient concentrations and stocks were determined in
the three areas of Cerrado surrounding AD, CV and BG
palm swamps. The soil C and N concentrations and
stocks and the C/N ratio of the soil were determined
within palm swamps and in the Cerrado surrounding
palm swamps.
The litterfall produced (aerial litter) was collected

using collectors placed at a 40-cm height from the soil
surface and made of a PVC and 1-mm nylon screen
structure with dimensions of 50 cm × 100 cm. In each
Cerrado area surrounding the three palm swamps, 10 lit-
ter collectors (n = 10) were randomly distributed. Collec-
tions were made monthly, over the period of a year,
from October 2014 to September 2015. The litterfall ac-
cumulated on the soil was collected manually, also

Fig. 1 Location of the study areas in the Southeast of Brazil
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monthly, using PVC guides (45 cm × 48 cm), which were
randomly launched at 10 times (n = 10) near the fixed
collectors. After collection, the material of litterfall pro-
duced or accumulated was stored in bags identified with
the number of the collector and the Cerrado area. After
that, the samples were taken to the laboratory for sorting
and fractions separation.
In the laboratory, the samples were dried in a labora-

tory oven at 65 °C until reaching constant weight (ap-
proximately 72 h). After that, the total dry matter (g) of
each sample was determined. The litter decomposition
rate was calculated after one year of evaluation by the
ratio between the weight of litterfall produced and accu-
mulated, which was estimated by Eq. 1, proposed by
Olson (1963):

k ¼ L
Xss

ð1Þ

where k = decomposition rate; L = annual litter produc-
tion (g·m− 2); Xss = annual mean of litter accumulation
on the soil (g·m− 2).
Based on the k values, the mean time (in years and days)

necessary for litterfall decomposition (50%, t0.5; 95%, t0.05)
was calculated using Eqs. 2 and 3 (Martins 2010):

t0:5 ¼ ln2
k

¼ 0:693
k

ð2Þ

t0:05 ¼ 3
k

ð3Þ

Chemical analysis of the macronutrients phosphorus
(P), potassium (K), calcium (Ca), and magnesium (Mg)
were performed in five composite samples (n = 5) obtained
from joining the aliquots of the material coming from the
leaf fraction of the litterfall produced and accumulated on
the soil of each area in reference to October to January
(rainy season) and April to July (dry season). These sam-
ples were ground in a Wiley mill and then once more
dried in a laboratory oven at 50 °C. Chemical analyses of
the litter were conducted by nitric perchloric digestion ac-
cording to the method proposed by Embrapa (1997).
The nutrients were determined using a photocolori-

meter and atomic absorption spectrophotometer in the
Laboratory of Plant Mineral Nutrition of the Depart-
ment of Soil Science of the Universidade Federal de Lav-
ras (DCS/UFLA). Estimates of litter nutrient stocks were
made based on the method proposed by Vitousek and
Sanford Jr (1986), according to Eq. 4:

Ce ¼ te � T s

1000
ð4Þ

where Ce = content of the element (g·kg− 1); te = content
of the element in the litterfall (g·kg− 1); and Ts = total
amount or litterfall fraction (kg).

Soil samples were collected from five sample pits ran-
domly distributed within the palm swamps and in the
Cerrado surrounding palm swamps areas at 0–10, 10–
20, 20–30, 30–50, 50–75, and 75–100 cm depth layers.
In each environment (palm swamps and in the Cerrado
surrounding palm swamps), five composite soil samples
(n = 5) were collected.
Soil samples were air dried and the roots were re-

moved from the samples and then passed through 2-
mm sieves. After that, the samples were ground and
passed through 0.150-mm sieves to determine soil or-
ganic carbon (C) and nitrogen (N) contents in a
LECO@CN-2000 analyzer at the Center of Nuclear
Energy in Agriculture of the Universidade de São
Paulo (CENA/USP).
Soil C and N stocks were calculated (Mg·ha− 1), ac-

cording to Eq. 5 (Veldkamp 1994):

Stock μð Þ ¼ d � μ� e ð5Þ

where Stock (μ) = Soil C and N stock (Mg·ha− 1); d = soil
bulk density (g·cm− 3); μ = soil C and N contents (%);
and e = thickness of the sampled soil layer (cm).
Analysis of variance (ANOVA) was performed to com-

pare all variables analyzed. The means were compared
by the Tukey test (p < 0.05) with the assistance of the R
software, v. 3.2.1.

Results
The annual litterfall production (ALP) in the Cerrado
surrounding AD, CV, and BG palm swamps was 3.58,
3.79, and 2.84 Mg·ha− 1·year− 1, respectively (Fig. 2a).
The value obtained in the Cerrado surrounding the
BG was significantly lower than those obtained in AD
and CV.
The highest values of temporal (seasonal) litterfall pro-

duction (TLP) was observed in the dry season for the
three evaluated study areas, which was double those ob-
tained in the rainy season (Fig. 2b).
The mean values of annual litterfall accumulation

(ALA) were 5.88Mg·ha− 1·year− 1 in the Cerrado sur-
rounding the AD, 7.12Mg·ha− 1·year− 1 in the CV, and
6.75Mg·ha− 1·year− 1 in the BG (Fig. 3a). The values in
the Cerrado surrounding the AD was significantly lower
than the results observed in CV and BG, showing that
environmental conditions and the diversity of litter com-
position in the preserved ecosystem is more favorable
for the decomposition process.
The temporal litterfall accumulation (TLA) showed

significant variations between the dry and the rainy sea-
son (Fig. 3b).
The litterfall decomposition rates (k) in the Cerrado

surrounding AD, CV, and BG palm swamps were 0.60,
0.53, and 0.41, respectively (Table 1). The mean time
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required to reach 50% and 95% of decomposition in the
three areas increased in accordance with the degree of
anthropization, once the time necessary to decompose
95% of the litter in the Cerrado surrounding BG palm
swamp is 2625 days.

The macronutrient contents in the litterfall produced and
accumulated varied between the two seasons, and hardly
reflected differences according to the history of land use in
the three evaluated areas. The concentrations of each nutri-
ent decreased in the following order: Ca > K >Mg > P.

Fig. 2 Annual (a) and temporal (b) litterfall production (dry and rainy seasons) in the Cerrado surrounding palm swamps in the Southeast of
Brazil. Legend: The mean values followed by the same letters (lowercase among the three areas in the same season and uppercase in each area
between the two seasons) did not differ statistically by the Tukey Test (p < 0.05). ALP = Annual Litterfall Production; TLP = Temporal Litterfall
Production; AD = Agua Doce palm swamp; CV = Capivara palm swamp; BG = Buriti Grosso palm swamp

Fig. 3 Annual (a) and temporal (b) litterfall accumulation (dry and rainy seasons) in the Cerrado surrounding palm swamps in the Southeast of
Brazil. Legend: The mean values followed by the same letters (lowercase among the three areas in the same season and uppercase in each area
between the two seasons) did not differ statistically by the Tukey Test (p < 0.05). ALA = Annual Litterfall Accumulation; TLA = Temporal Litterfall
Accumulation; AD = Agua Doce palm swamp; CV = Capivara palm swamp; BG = Buriti Grosso palm swamp
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The P contents in the produced and accumulated lit-
terfall increased in the rainy season compared to the dry
season in all evaluated areas (Fig. 4a and b). In the rainy
season, the P contents in the litterfall produced were
higher in the Cerrado surrounding CV than in the AD
and BG (p < 0.05). In the dry season, the P contents were
higher in the Cerrado surrounding AD and lower in the
Cerrado surrounding CV palm swamp (Fig. 4a). In the
rainy season, the results did not differ between the eval-
uated areas (p < 0.05).
The K contents in the litterfall produced were signifi-

cantly higher in the rainy season (p < 0.05) for the three
study areas (Fig. 4c). In the rainy season, there was no
difference among the evaluated areas, but in the dry sea-
son, K contents were significantly higher in the Cerrado
surrounding AD. The values were higher in TLP than in
TLA. Both in the rainy and dry seasons, the K contents
were significantly higher (p < 0.05) in the Cerrado sur-
rounding CV and AD, respectively.
The contents of Ca in the litterfall produced and accu-

mulated were higher both in the dry and rainy seasons
for the three ecosystems (Fig. 4e and f). In the dry sea-
son, the Ca contents in the litterfall produced were sig-
nificantly higher in the Cerrado surrounding AD,
whereas in the rainy season, the same pattern was ob-
served in BG (Fig. 4e). For the litterfall accumulated, the
mean values of Ca contents did not differ among the
three areas in the two seasons (Fig. 4f).
Mg contents in the litterfall produced differed among

the areas only in the rainy season, with highest values in
the Cerrado surrounding the CV (Fig. 4g). In the litter-
fall accumulated, K contents also differed only in the
rainy season, with highest values in AD (Fig. 4h). Differ-
ences between the two seasons were found in CV, with
highest values in the litterfall produced (rainy season)
and accumulated (dry season) (Fig. 4g and h). BG
showed the highest values for Mg contents in the litter-
fall accumulated in the dry season (Fig. 4h).
The nutrient stocks in the litterfall produced and accu-

mulated were variable according to the intensity of the
land use. The nutrient stocks were higher in the ALA
than in ALP for all the areas and nutrients evaluated, ex-
cept for K (Table 2). Thus, as observed for the

macronutrient contents, the mean nutrient stocks in the
litterfall decreased in the following order: Ca > K >Mg >
P.
The P stocks showed few variations between ALP and

ALA, with lower stocks in the ALP in the Cerrado sur-
rounding CV and BG (Table 2). As observed for the nu-
trient contents, K stocks were higher in ALP. Higher K
stocks were found in the Cerrado surrounding AD and
CV where higher annual litterfall production was ob-
served (Fig. 2).
The Ca stocks were higher in ALP and ALA in the

Cerrado surrounding AD and CV. Similar result was
found to Mg stocks in the ALP, while in the ALA the
stocks did not differ among the three areas (Table 2).
The results for soil C and N contents and the C/N

ratio showed variations, reflecting the influence of an-
thropic activities in the palm swamp ecosystems
(Table 3). At 0–10 cm soil depth, C content ranged
from 4.20 to 14.94 g·kg− 1 within the palm swamps
and from 3.94 to 9.27 g·kg− 1 in the Cerrado sur-
rounding palm swamps. The highest values of soil C
contents were found in the CV and BG palm swamps,
areas with extensively used for pasture and annual
crops cultivation.
In the 10–20 cm layer, the soil C contents in CV and

BG palm swamps were similar, and from 20 to 100 cm
soil depths, the values were higher in the BG palm
swamp, with values ranging from 6.11 to 11.4 g·kg− 1.
The results for soil N contents were similar to

those observed for C contents (Table 3), however,
with lower variation among the environments. Within
the BG palm swamp, we found the lowest variability
of N contents in soil profile up to 100 cm (0.58 to
0.69 g·kg− 1), possibly due to the history of land use
with perennial and annual crops in this area. The
lowest N contents were found within the AD palm
swamp, with values ranging from 0.15 to 0.39 g·kg− 1.
The highest values of soil N contents were observed
within the CV palm swamp, ranging from 0.16 to
0.92 g·kg− 1 in the soil profile evaluated.
The results found for the C/N ratio were variable

among the study areas, with values ranging from 9.25 to
18.4 (Table 3).
The soil density used for calculation of the soil C

and N stocks showed no differences among the areas,
and the mean values found until 100 cm depth layer
for AD, CV and BG palm swamps were 1.47, 1,45
and 1,43 g·cm− 3, respectively. The soil C and N stocks
(0–100 cm) had the same pattern observed in relation
to the C and N contents, and ranged from 33.37 to
124.03 Mg·ha− 1 (soil C stocks), and from 3.94 to
10.54Mg·ha− 1 (soil N stocks) (Fig. 5). The BG palm
swamp showed the highest values for soil C and N
stocks compared to the other areas.

Table 1 Litterfall decomposition rates (k) corresponding to 50%
(t0.5) and 95% (t0.05) in the Cerrado surrounding palm swamps in
the Southeast of Brazil

Cerrado area Decomposition rate (k) t0.5 t0.05

AD 0.60 1.17 (427 days) 5.06 (1850 days)

CV 0.53 1.29 (472 days) 5.60 (2045 days)

BG 0.41 1.66 (606 days) 7.19 (2625 days)

AD = Agua Doce palm swamp; CV = Capivara palm swamp; BG = Buriti Grosso
palm swamp; t0.5 and t0.05 = time necessary to decompose 50% and 95% of
the litter, respectively
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Discussion
Our study is the first to analyse litterfall dynamics com-
paring three areas of Cerrado surrounding palm swamps
taking into account the anthropization process. The Cer-
rado surrounding BG palm swamp ecosystem is an area
with a vast history of anthropic interventions. So, the

ALP (Fig. 3a) in this area is directly related to the litter-
fall deposition over the year, i.e., little deposition of ma-
terials such as leaves, stems, branches, fruits, flowers,
and other parts of the plant, as well as animal remains
(Santos and Válio 2002). As we found in this study
(Fig. 3b), several studies have also reported the

Fig. 4 Levels of P, K, Ca, and Mg in the litterfall produced (a, c, e and g) and accumulated (b, d, f and h) on the soil in the dry and rainy seasons
in the Cerrado surrounding palm swamps in the Southeast of Brazil. Legend: The mean values followed by the same letters (lowercase among
the three areas in the same season and uppercase in each area between the two seasons) did not differ statistically by the Tukey Test (p < 0.05).
AD = Agua Doce palm swamp; CV = Capivara palm swamp; BG = Buriti Grosso palm swamp
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maximum litter production in the dry period (Klinge
and Rodrigues 1968; Luizão and Schubart 1987;
Boinskis 1989; Martins 2010; Brasil et al. 2017; Souza
et al. 2019). The leaf deciduousness of the Cerrado
species in the dry season constitutes a plant protection
mechanism to minimize the effects of water shortage, in-
creases the litter deposition in the months with low rain-
fall (Souza et al. 2019) and reduces loss of water through
evapotranspiration and thereby maintains plant metabol-
ism (Herbohn and Congdon 1993; Franco et al. 2005), We
observed that, even considering the distinct anthropization
processes of the three ecosystems evaluated, there is a

seasonal pattern of litterfall deposition in the Cerrado sur-
rounding the palm swamps.
As mentioned before, the Cerrado area surrounding

AD was characterized as preserved, with the presence of
typical species, which produces ecological equilibrium.
This condition reflects the ALA stocks in this area (Fig.
3a), favoring the decomposition processes of the plant
and animal residues, as well as mineralization process
and nutrient cycling (Prescott 2002). According to Gar-
cía-Palacios et al. (2013), the environmental conditions,
litter quality, and soil organisms are described as the
controllers of decomposition rates, but the variations of

Table 2 Average of soil nutrient stocks in annual litterfall produced (ALP) and accumulated (ALA) in the Cerrado surrounding palm
swamps in the Southeast of Brazil

Cerrado
area

P (kg·ha− 1) K (kg·ha− 1) Ca (kg·ha− 1) Mg (kg·ha− 1)

ALP ALA ALP ALA ALP ALA ALP ALA

AD 1.38 aA 1.77 aA 6.10 aA 5.06 aB 24.0 aB 29.9 aA 3.86 aA 4.46 aA

CV 0.96 bB 1.28 bA 6.37 aA 5.76 aB 28.0 aB 41.1 aA 4.89 aA 5.11aA

BG 1.32 aB 2.80 aA 3.92 bA 3.03 bB 12.0 bB 26.6 bA 2.45 bB 5.02aA

Legend: The mean values followed by the same letters (lowercase among the three areas in the columns and uppercase between the two compartments in the
rows) did not differ statistically by the Tukey Test (p < 0.05). AD = Agua Doce palm swamp; CV = Capivara palm swamp; BG = Buriti Grossop palm swamp

Table 3 Soil of C and N contents and C/N ratio within Palm swamps and in the Cerrado surrounding palm swamps in the
Southeast of Brazil

Layer
(cm)

Agua Doce (AD) Capivara (CV) Buriti Grosso (BG)

Palm swamp Cerrado Palm swamp Cerrado Palm swamp Cerrado

C (g·kg−1)

0–10 4.20 bA 3.94 bA 14.94 aA 9.27 aB 11.4 aA 7.24 abB

10–20 2.75 bA 3.31 bA 6.16 aA 3.57 bB 6.11 aA 4.36 aB

20–30 2.69 bA 3.23 aA 2.04 bB 3.01 aA 6.49 aA 2.49 bB

30–50 2.40 bA 3.22 aA 1.61 bB 2.71 abA 7.53 aA 1.72 bB

50–75 1.47 bB 2.91 aA 2.15 bA 1.82 bA 7.85 aA 1.94 bB

75–100 1.52 bB 2.89 aA 3.08 bA 3.07 aA 8.19 aA 2.05 bB

N (g·kg−1)

0–10 0.39 bA 0.35bA 0.92 aA 0.60 aB 0.58 abA 0.66 aA

10–20 0.84 aA 0.28 bB 0.49 bA 0.33 bB 0.66 abA 0.40 aB

20–30 0.28 bB 0.36 aA 0.18 bB 0.25 aA 0.69 aA 0.24 aB

30–50 0.25 abA 0.28 aA 0.16 bA 0.18 bA 0.67 aA 0.20 bB

50–75 0.15 bB 0.34 aA 0.21 bA 0.14 bB 0.62 aA 0.15 bB

75–100 0.18 bB 0.26 aA 0.18 bB 0.23 abA 0.63 aA 0.16 bB

C/N Ratio

0–10 11.0 cB 13.7 bA 17.3 aA 15.8 aB 14.3 bA 11.5 bB

10–20 12.8 aA 11.8 abB 13.7 aA 12.4 aA 9.12 bB 11.6 bA

20–30 10.75 bA 10.1 bA 11.1 bB 13.8 aA 12.2 aA 11.4 bA

30–50 10.1bA 10.4 bA 15.8 aB 18.2 aA 12.7 abA 9.25 bB

50–75 12.8 aA 11.7 bA 11.1 bB 19.8 aA 13.7 aA 13.4 bA

75–100 10.7 bA 10.7 bA 18.4 aA 10.5 bB 14.1 abA 14.2 aA

Legend: The mean values followed by the same letters (lowercase among the three Palm swamps or Cerrado areas, and uppercase for the same ecosystem
between Palm swamps and Cerrado) did not differ statistically by the Tukey Test (p < 0.05)
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the litter accumulation in topsoil are also closely related
to the seasonality of the litter production (Spain 1975).
So, the highest values of TLA (Fig. 3b) were found in the
rainy season and the period of greatest plant growth, to-
gether with renewal of leaves by species (Brasil et al.
2017). In this period, both the litterfall deposition and
the activity of decomposer organisms tend to be higher,
but the excessive rainfall in November and December
slows the decomposition process due to microorganisms
favoring the accumulation of litterfall.
The vegetation of the Cerrado biome may have higher

lignin concentrations compared to other phytophysiog-
nomies (Giácomo et al. 2012), and the presence of this
compound hinders penetration of decomposer organ-
isms through the cell wall, contributing to the slow de-
composition process (Gallardo and Merino 1993). This
had a direct influence on the low values of k (< 1.0)
found in the areas of Cerrado surrounding the palm
swamps (Table 1) combined with severe water restric-
tion in the dry season (Olson 1963). Decomposition is
primarily the result of microorganism activity (Anderson
et al. 1983; Kurzatkowski et al. 2004), although there is a
strong influence from climate factors and the quality of
the litter (nutrient contents, weight, size of the material,
and polyphenol, carbon and nitrogen contents) (Melillo
et al. 1982; Taylor et al. 1989; Sousa Neto et al. 2017).
Thus, the higher decomposition rate in the Cerrado sur-
rounding AD may be associated with the proliferation of
decomposer microorganisms due to the litter quality
and ecological balance provided in this ecosystem.
Contrary to our hypothesis, we found that the macro-

nutrient concentrations in the produced and accumu-
lated litterfall were more influenced by the annual
seasons than by the anthropic interventions in the Cer-
rado areas surrounding palm swamps. The P contents

values (Fig. 4a and b) may be associated with the higher
rate of nutrient transfer in the rainy season (Vital et al.
2004), and the contents have declined in the litterfall accu-
mulated because macronutrient is associated with high in-
ternal translocation to young plant tissues in formation,
declining in plant tissues in processes of senescence (Haw-
kesford et al. 2012). According to Rossato et al. (2013),
these differences can be explained by the floristic compos-
ition of the species and by the influence of environmental
conditions on the ecosystems evaluated.
Contrary to our observation in this study (Fig. 4c),

Vital et al. 2004 found that the K contents tended to de-
cline in the rainy period, because this element is easily
washed and leached since it is in the plant tissues in
ionic form. Nevertheless, our results can be explained by
the topography and location of the studied areas, which
are favorable to accumulations from leaching processes.
These accumulations are taken up by plant roots and be-
come abundant in the plant tissues and, consequently, in
the litterfall produced (Torres and Pereira 2008). The K
contents declined in litterfall accumulated (Fig. 4d) and
this result can be related to the low rates of this nutrient
in biogeochemical cycling (Godinho et al. 2013).
On the other hand, the higher Ca contents in the lit-

terfall (Fig. 4e and f) can be explained by the low mobil-
ity of this element in the plant once it is associated with
lignification and the constitution of cell walls, increasing
its concentration in the branches and leaves, which are
the main components of the litter (Schumacher et al.
2004). Since it is a structural element of plant tissue
cells, Ca tends to be one of the last elements to be re-
leased to the soil through litter decomposition (Godinho
et al. 2014).
According to Luizão and Schubart (1987), Mg as does

P contributes to the biological relations of the soil, and

Fig. 5 Soil C (a) and N (b) stocks (Mg·ha− 1) up to the 100 cm soil depth within Palm swamps and in the Cerrado surrounding palm swamps in
the Southeast of Brazil. Legend: The mean values followed by the same letters ((lowercase among the three Palm swamps or Cerrado areas, and
uppercase for the same ecosystem between Palm swamps and Cerrado) did not differ statistically by the Tukey Test (p < 0.05). AD-P = Agua Doce
(within palm swamp); CV-P = Capivara (within palm swamp); BG-P = Buriti Grosso (within palm swamp); AD-C = Agua Doce (within Cerrado); CV-
C = Capivara (within Cerrado); BG-C = Buriti Grosso (within Cerrado)
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it is of great importance for decomposition of soil or-
ganic matter. However, as we can found in this study
(Fig. 4g and f), Mg concentration is normally reduced in
the leaves, probably due to oxidation of chlorophyll in
the process of senescence and when they begin to de-
compose on the soil (Brun et al. 2001).
Our results about macronutrients stocks (Table 2)

were similar to those found by Godinho et al. (2013) and
Ribeiro et al. (2017) in areas of a Semideciduous Sea-
sonal Forest and Cerrado senso stricto, respectively. Akh-
tar et al. (2008) have reported that P stocks is associated
with high internal translocation to young plant tissues in
formation, and its content declines in tissues in the
process of senescence, thus resulting in a high concen-
tration in the litterfall produced. However, the opposite
result in this study (Table 2) is explainable because the
Cerrado surrounding CV and BG palm swamps having
been subject to high anthropic intervention, which ser-
iously suppressed the native vegetation and, conse-
quently, altered the P dynamics. The higher K stocks in
ALP (Table 2) may be attributed to its high mobility and
retranslocation (Moreira and Fageria 2009), as well as to
its considerable tendency to be leached in the rainy sea-
son (Kolahchi and Jalali 2007), leading to its loss in the
ALA. On the other hand, the higher Ca stocks in ALA is
related to the low mobility of this nutrient in plant
tissues, resulting from its structuring function in the
cell walls (Hawkesford et al. 2012). In addition, Ca
contributes to efficient cycling in the environment
through the fall and decomposition of senescent plant
tissues – the older and more senescent the plant ma-
terial, the greater the relative Ca concentration will
be (Turner and Lambert 2016).
Our results about soil C and N contents have con-

firmed our hypothesis that anthropic interventions can
modify and SOM over time. The higher C contents
within the palm swamps (Table 3) are related to the ex-
tensive and deep organic layers typical of Histosols,
which contribute to an effective soil carbon storage
(Bridgham et al. 2006), and the accumulation in the sur-
face layers (0–10 cm) is due to the constant input of or-
ganic matter from the vegetation (Jobbágy and Jackson
2000). The highest values of C contents in CV and BG is
related to the roots expansion of the pastures (C4 photo-
synthetic pathway) and the other plants, adding to the C
from plant residues coming from the annual crops in
these areas (Franzluebbers and Stuedemann 2008). Add-
itionally, BG palm swamp passed through strong agros-
silvopastoral use beginning in the 1960s, with turnover
of the soil layers for planting the rice crop in the hydro-
morphic soils and, after that, eucalyptus and annual
crops, modifying the natural environment and the soil
characteristics. The supposition is that the increase in C
in depth in this area is related to the management

system adopted, to the species that were grown, and to
the edaphic and climatic conditions, which favored
greater storage of SOM (Aranda and Comino 2014).
Consequently, crop systems also added organic matter
in depth through root biomass and lead to increases on
soil C (Bayer et al. 2000). The burning practice at BG
also was used in the past, and pyrogenic C, or C coming
from incomplete combustion, can be significantly de-
graded on a decade time scale, depending on the mater-
ial of origin and on the conditions of formation (Bird
et al. 1999).
Considering the soil types and the land use intensity in

the evaluated areas, both the soil C and N contents were
low, mainly to Gleysols (Table 3), and this result can be
attributed to suppression of native vegetation for agricul-
tural cropping, low diversity of species, and exposure of
soil to external factors that contribute to reduction in its
quality (Rocha et al. 2014). For the Arenosol, the values
of C and N found in this study are near those found in
studies conducted in the Cerrado by other authors (Fra-
zão et al. 2010; Caetano et al. 2013).
Values of C/N ratio lower than 20 (Table 3) were com-

mon for the evaluated ecosystems. The decomposition
process of plant residues is directly affected by their
chemical composition (cellulose, hemicellulose, and lig-
nin) and by their C/N ratio (Aita and Giacomini 2003),
and lignin concentration (lignin is very common in Cer-
rado species) and the C/N ratio contribute to the lower
decomposition process in the soil (Mary et al. 1996).
Our results about soil C and N stocks within BG palm

swamps (Fig. 5) can be attributed to the agriculture in-
terventions in this area. The constant inputs of residues
in this area, soil tillage, and the input of activated carbon
derived of burning process over time contributed to the
increase in soil C and N to deeper layers. In addition, it
can be inferred that there is high capacity for addition of
C by the roots from pasture growth in these environ-
ments (Bayer et al. 2000). Thus, the soil C and N dy-
namics can change over time, resulting from greater
interaction between the plant and animal components
and the soil (Sacramento et al. 2013) and increasing the
soil C and N stocks.

Conclusions
This study brought new results about litterfall dynamics
and soil C and N stocks in palm swamps considering the
different levels of anthropic intervention in this import-
ant ecosystem of the Brazilian Cerrado. We verify that
the decomposition process was more accelerated in the
preserved area (AD), but the litterfall dynamics in the
Cerrado surrounding palm swamps was more affected
by the annual season than the land use intensity.
The macronutrient concentrations decreased in the

following order: Ca > K >Mg > P for both produced and
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accumulated litter. We also observed variations between
the seasons and the nutrient stocks were higher in the
accumulated litterfall for all the evaluated palm swamp
ecosystems.
Confirming our second hypothesis, the soil C and N

stocks were higher within the palm swamp with greater
history of land use intensity (BG), an area that lost the
original characteristics of palm swamp but had soil man-
agement and human interventions with addition of soil
organic matter over time.
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