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THE INFLUENCE OF ABIOTIC FACTORS ON LITTER DEPOSITION
IN A SEMIARID AREA, NORTHEASTERN BRAZIL!

INFLUENCIA DE FATORES ABIOTICOS NA DEPOSICAO DE SERAPILHEIRA
EM UMA AREA SEMIARIDA NO NORDESTE BRASILEIRO

Ivan Jeferson Sampaio DIOGO?*¢; Irlaine Rodrigues VIEIRA?;
Andréa Pereira SILVEIRA*; Francisca Soares de ARAUJO’

ABSTRACT — The amount of deciduous material throughout the year is mostly related
to climatic conditions in tropical areas. A large deposition of litterfall in the dry season is
described for deciduous and semideciduous forests. We aimed to assess the monthly
deposition rate of litterfall during one year and the climatic influence in a deciduous thorny
woodland area. The study area had a permanent plot of one hectare. To collect litterfall, 50
plots were selected and a collector (0.5 x 0.5 m) was installed. Samples were collected monthly
for twelve months and divided into fractions: leaves, branches, fruits and seeds, flowers
and miscellaneous. We tested the correlation of four abiotic factors (rainfall, soil humidity,
temperature and wind) and the litter deposition.The annual litterfall collected had a total value of
2,731.6 kg ha'.The contribution fraction of leaves corresponded to 54.3%, branches (14.2%),
fruits (12.6%), flowers (1.6%) and miscellaneous (17.2%). The wind was the abiotic factor most
correlated with the total deposition of the litterfall, but other correlations were found. In this area,
site-dependent climatic and edaphic variables have an important control on litterfall.

Keywords: deciduousness; weather; environmental factors; Caatinga.

RESUMO - A quantidade de material deciduo ao longo do ano em ambientes tropicais
estd relacionada principalmente com as condi¢des climaticas. H4 uma grande deposicao
de serapilheira na estacdo seca em florestas deciduas e semideciduas. Este trabalho teve
como objetivo avaliar a taxa de deposi¢do mensal de serapilheira durante um ano e a
influéncia climatica sobre esta deposicdo em uma area de floresta decidua espinhosa.
A area de estudo teve uma parcela permanente de um hectare. Para a coleta de serapilheira,
foram selecionados 50 pontos € um coletor (0,5 x 0,5 m) foi instalado. As amostras foram
coletadas mensalmente, por doze meses, e divididas em cinco fra¢des: folhas, galhos, frutos e
sementes, flores e miscelanea. Foi testada a correlagdo entre quatro fatores abioticos
(pluviosidade, umidade do solo, temperatura e vento) e a deposi¢do de serapilheira.
Obteve-se um valor total de 2.731,6 kg ha™! no periodo de coleta. A contribuicdo da fragdo
folhas correspondeu a 54,3%, ramos (14,2%), frutos (12,6%), flores (1,6%) e miscelanea
(17,2%). Embora a velocidade do vento tenha sido o fator abidtico mais correlacionado
com a deposicdo total de serapilheira, outras correlacdes foram encontradas. Variaveis
climaticas e edaficas t€m um controle importante na produgdo de serapilheira nesse ambiente.

Palavras-chave: deciduidade; tempo; fatores ambientais; Caatinga.
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1 INTRODUCTION

Litterfall is a key process in nutrient
cycling of forest ecosystems (Baker et al., 2004;
Isaac and Nair, 2006) and plays a fundamental role
in nutrient turnover and in the transfer of energy
between plants and soil (Gonzalez-Rodriguez et
al., 2011). Litterfall deposition provides valuable
information on the productivity and dynamics of
nutrient cycling in forest ecosystems (Navarro et
al., 2013). However, the inputs vary among forest
ecosystems in terms of quality (Duchesne et al.,
2001; Vasconcelos and Luizdo, 2004) and quantity
(Rothe and Binkley, 2001; Zhou et al., 2007).

It is widely assumed that the amount
and quality of litterfall depend on climate
(Meentemeyer et al.,, 1982; Albrektson, 1988;
Berg and Meentemeyer, 2001) and influence the
heterogeneity of soil conditions and the distribution
of species in a plant community (Facelli and Pickett,
1991; Austin et al., 2004; Hooker and Stark, 2008).
These effects can be altered at a regional scale by
climate and soil factors, such as altitude, soil type,
nutrient, water availability, humidity, temperature,
seasonality and wind according to the study area
(Lodhiyal and Lodhiyal, 2002; Li et al., 2006;
Martinez-Alonso et al., 2007).

Based on data from studies conducted
in different macroecological zones, the amount of
deciduous material throughout the year is mostly
related to climatic conditions, higher in hot and
humid tropical areas (Bray and Gorham, 1964).
Each ecosystem has its particular type of deposition
and nutrient cycling. The deposition of litterfall
during the seasons is quite variable for different
forest formations in tropical zone (Spain, 1984;
Chave et al., 2010).

In dry areas, a large deposition of litterfall
in the dry season is described in comparison with
wet season (Lodhiyal and Lodhiyal, 2002; Jha and
Mohapatra, 2010; Alvarez, 2009; Mclvor, 2001).
In these forest formations, litterfall deposition coincides
with the period of water-limitation, which does
not imply the cessation of nutrient cycling, although
it is reduced to Y4 of the total (Delitti, 1995).

Increased understanding of the climate
variables that govern the deposition of litterfall
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in drylands will help to further elucidate how
plant biomass is accumulated in these ecosystems
and will provide a better understanding of the
processes that relate to nutrient cycling, calcination
process and soil formation. Our general hypothesis
was that litterfall is directly influenced by abiotic
factors. To test this hypothesis, we focused
on the deposition of dead plant biomass and the
influence of some abiotic/climatic variables in a
semiarid and well-preserved area of deciduous
thorny woodland.

We aimed to assess the monthly deposition
rate of litterfall during one year and the climatic
influence. We hypothesized that (1) most of the
deposition occurs between the end of the rainy
season and the beginning of the dry season that
coincides with the plant water stress, (2) leaves are
the main monthly contributor to biomass production
because of the deciduousness and (3) rainfall and
soil humidity are the climate factors that have more
influence on deposition.

2 MATERIAL AND METHODS

This study was conducted in deciduous
thorny woodland, locally known as Caatinga
(Woodward et al., 2004). The area is inside the Serra
das Almas Natural Reserve, in Crateus (5°10°58.1”’S
and 40°40°19.4”W), central-west region of the
state of Ceara, Brazil, at an altitude of 297 m asl.

The regional climate is classified as BSh
(hot semiarid, with rainy summer and dry winter)
in the Koppen-Geiger system (Peel et al., 2007).
The average annual rainfall in the Caatinga of
Cratetis is 683 mm, and, even though it has
well-defined rainy and dry seasons, the total
annual rainfall is variable between years.

Due to this rainfall variability, we used
the climate diagram of Walter and Lieth (Figure 1)
to demonstrate the extent of dry and rainy seasons
in the years 2009 (rainy season: January to May
and dry season: from June to December) and 2010
(rainy season: January to April with a drought
interpulse in February, and the dry season: May
to November). The average annual temperature
is 27 °C.



DIOGO, L.J.S. et al. Litter vs. abiotic factors in Brazilian semiarid

Crateus 5°10'S - 40°40'W (297 m)
2009 27.5C 1107 mm

- — 700

- 500

~ 300
mm
100

- 80

60

40

20

— 0

J FMAMUJJAS OND

205

Crateus 5°10'S - 40°40'W (297 m)
2010 29C 441 mm

- ~ 300
C mm
my— 100

- 80

- 60

40

20

JJ FMAMUJJ AS OND

Figure 1. Climatic diagram Walter and Lieth (temperature and rainfall x months), during the study period (2009-2010)
for Cratetis. R environment, package climatol (R Development Core Team, 2010).

Figura 1. Diagrama climatico Walter & Lieth (temperatura e precipitagdo x meses) durante o periodo de estudo
(2009-2010) para Cratets. Programa R (R Development Core Team, 2010).

The plant community of the area was
formed by 25 species belonging to 14 families and
21 genera. Fabaceae (9 species), Euphorbiaceae
(3) and Apocynaceae (2) were the families
with greater richness. Fabaceac was the most
numerous (875 individuals divided into subfamilies —
Caesalpinioidae: 84; Cercidae: 124; Faboidae: 13
and Mimosoidae: 654) followed by Euphorbiaceae
(511) and Boraginaceae (195). Aspidosperma,
Croton, Caesalpinia and Mimosa were the only
genera that occurred with more than one species
(Menezes, 2010).

To evaluate species composition of the
seed rain in this area, we established ten transects
perpendicular to the matrix forest, separated from
each other by 10 m. Along pair transects, we placed
seed traps starting at 20 m distance from the matrix
forest and with 20 m intervals (20, 40, 60, 80 and
100 m), while odd transects had seed traps starting
at 10 m distance from the matrix forest and with
20 m intervals from the matrix forest (10, 30, 50,
70 and 90 m), yielding five traps per transect and 50
overall. Each trap consisted of a square polyethylene
bucket of 0.5 m? and 20 cm high. They were placed
directly on the ground and fixed with wooden
stakes. A layer of grease was applied around
the edge of each trap to prevent seed predation.
Small holes were made in trap sides to avoid
rainwater accumulation and subsequent seed decay
(Zimmerman et al., 2000; Cubina and Aide, 2001).
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Samples were collected monthly for
twelve months (June/2009 — May/2010), closing
the annual cycle of monitoring the production of
plant biomass (dry and rainy season). The collected
material was sorted and separated into reproductive
material, vegetative and inert, and divided into
the following fractions: 1) mature, immature,
and predated fruits and seeds that fall separately
of the fruits, 2) flowers and inflorescences,
3) leaves, 4) branches (stems and petioles) and
5) miscellaneous, corresponding to residues and
animal droppings, soil, seeds of herbaceous, small
leaves (Backes et al., 2005). The material was put
to dry in air for further screening.

The screened material was taken to the
oven at 65 °C and weighed on a precision scale
with three decimal places until constant weight
to evaluate the monthly and annual production
of litterfall and the contribution of each of the
fractions in the litterfall.

We estimated the monthly and annual
biomass (kg ha') by the average amount of
litterfall found in the traps. First, data were
tested for normality using the Shapiro-Wilk test
(p>0.05). Then, we carried out analyses of variance
(ANOVA) to observe statistical differences between
litterfall in each month and litterfall for each
fraction with significance levels of 5% using the
Tukey’s test.
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In order to assess which of the abiotic
factors (rainfall, soil humidity, temperature and
wind) were correlated with the deposition of
litterfall, the relationship between abiotic factors
in the month of deposition of the litterfall and in
the previous month to the event with each fractions
of litterfall was analyzed using a Spearman
correlation test (rs).

Data for rainfall and temperature were
obtained from the climatological station of the
Instituto Nacional de Meteorologia — INMET
(National Institute of Meteorology) (2010), located
in the city of Crateis, 25 km away from the
study area and at a similar altitude. Data for
wind speed were obtained from Fundagdo Cearense
de Meteorologia ¢ Recursos Hidricos — FUNCEME
(Ceara Foundation of Meteorology and Water
Resources) (2010) and soil humidity data were
obtained from Silveira et al. (2013).

Table 1. Litterfall production (kg ha') in the study period.

3 RESULTS

Annual litterfall collected had a total
value of 2,731.6 kg ha'! (Table 1). The months of
August and September/2009 diverged from the
other months, since they showed the highest
rates of litter input and the lowest rate was in
December/2009, differing from the other months
(Figure 2). The seasonality in the input of litterfall
occurred due to the fact that dry season was
responsible for the investment of 2,015.323 kg ha”!,
73.8% of the total contribution; consequently,
the lowest litterfall was in the rainy season.
However, the months of February/2010 and
April/2010 showed high rates of deposition of
litter compared to other months of the rainy season
(Figure 2).

Tabela 1. Produgdo de serapilheira (kg ha') no periodo de estudo.

Leaves Branches Fruits Flowers Miscellaneous Total
June/2009 39.300 9.360 15.580 0 42.700 106.940
July/2009 93.847 14.217 12.600 0 37.404 158.069
August/2009 589.486 68.281 138.354 0.608 130.800 927.528
September/2009 276.498 32.250 42.465 4.370 40.635 396.218
October/2009 216.541 26.756 26.029 0.591 20.243 290.160
November/2009 34.967 16.168 22.661 5.150 7.731 86.678
December/2009 16.359 7.276 16.932 5.796 3.368 49.731
January/2010 18.194 11.618 26.456 0.676 56.892 113.836
February/2010 40.092 108.407 18.604 10.405 25.206 202.714
March/2010 57.827 16.330 10.268 0.854 24.587 109.866
April/2010 60.887 69.465 12.610 0.815 54.940 198.718
May/2010 39.148 7.791 2.633 16.490 25.075 91.136
Average 123.596 a 323270 28.766 b 3.812¢ 39.132b 227.633
+167.844 +32.364 +35.944 +5.113 +33.318 +241.212
Total Annual 1483.146 387.919 345.193 45.754 469.581 2731.594
(54.3%) (14.2%) (12.6%) (1.7%) (17.2%) (100%)

*The average results followed by same letter do not differ according to the Tukey’s test (p < 0.05).

*M¢édias seguidas de mesma letra ndo diferem de acordo com o teste de Tukey (p < 0,05).
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Figure 2. Litterfall (kg ha') produced per month compared to average rainfall (mm) recorded in the period from
June/2009 to May/2010. Months followed by the same letter do not differ according to the Tukey’s test (p < 0.05). In the
rainy season, the months with pulses of rain are represented by dark areas, and the dry months, by white areas.

Figura 2. Serapilheira (kg ha') produzida por més em relagdo a precipitagdo média (mm) registrada no periodo de
junho/2009 a maio/2010. Meses seguidos pela mesma letra ndo diferem de acordo com o teste de Tukey (p < 0,05).
Na estacdo chuvosa, os meses com pulsos de chuva sdo representados por areas escuras, € os meses de seca,

por areas brancas.

The contribution fraction of leaves
corresponded to 54.3% of all deposited material,
differing from the other fractions (Table 1) and
had a positive correlation with the total litterfall
(rs = 0.935, p < 0.05). There was a greater deposition
of leaves in August, September and October/2009
(Figure 3), which is directly reflected in higher
deposition of total litterfall in those months
(Figure 2). The smaller contribution of leaves
occurred in the months of November/2009 and
December/2009, end of the dry season, and January/2010,
beginning of the rainy season (Figure 3).
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The miscellancous fraction represented
17.2% of total litter and the second largest
contribution, not differing statistically with
the fractions of branches and fruits (Table 1).
August/2009 was the month with the highest
amount of miscellany. The months of January/2010
and April/2010 showed a relative increase in the
rate of miscellancous material with the highest
average monthly rainfall. In November/2009 and
December/2009, miscellaneous rates were relatively
low when compared to other months, when rates
were nearly uniform (Figure 3).
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Figure 3. Production of litterfall of each fraction (kg. ha') from June/2009 to May/2010. In the rainy season, the months
with pulses of rain are represented by dark areas, and the dry months, by white areas.

Figura 3. Produgédo de serapilheira de cada fra¢do (kg ha') de junho/2009 a maio/2010. Na estagdo chuvosa, os meses
com pulsos de chuva séo representados por areas escuras, € 0s meses secos, por areas brancas.
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From the total, 14.2% corresponded to the
fraction of branches. Although there is a temporality
correlation between the deciduousness of leaves
and branches with overlaps, the greater amount
of branches in February/2010 and April/2010
leads to a major contribution in the rainy season
(Figure 3).

The fruit fraction corresponded to 12.6%
of total deposition. Although this fraction has shown
a low percentage of the total number of litter
produced, it is observed that the distribution was
uniform throughout the year, except for the highest
peak contribution in August/2009 (Figure 3),
occurred due to the high rates of wind speed in this
month (Table 2).

The fraction of flowers differed
significantly when compared to other fractions,
because they contributed only with 1.7% (Table 1).
The months with highest deposition of flowers
were February/2010 and May/2010 (Figure 3).

Table 2. Climatic data per month for the Caatinga studied area.

Tabela 2. Dados climaticos por més para a area estudada.

The climatic data showed the biggest
rainfall in January and April/2010, low annual
temperature variation from 24.8 °C in the coldest
month (June/09) to 29.5 °C in the warmest month
(November/2009), big variation of soil humidity
from 3.2% (December/2009) to 12.3% (June/2009)
and months with great wind velocity (August/2009
and February/2010) (Table 2).

The wind was the only abiotic
factor that was correlated with the total deposition
of the litterfall, the amount of litter increased with
increasing wind speed. The fractions of leaves,
branches and fruits were also positively correlated
with the wind speed in the month of deposition.
Branches had the highest correlation (Table 3).

The deposition of flowers was positively
correlated with temperature. Miscellaneous were
positively correlated with precipitation and soil
moisture and negatively with temperature. Lastly, leaves
were negatively correlated with temperature (Table 3).

Rainfall Temperature Soil humidity Wind velocity
mm (°C) (%) (km/h)
June/2009 7.3 24.8 12.3 13
July/2009 14.8 25.0 7.9 15
August/2009 18.6 26.2 4.1 21
September/2009 2.7 28.0 3.7 17
October/2009 0.2 29.1 3.8 17
November/2009 0.6 29.5 3.7 15
December/2009 5.0 29.3 32 13
January/2010 86.8 27.4 11.1 14
February/2010 14.1 29.3 3.1 23
March/2010 68.4 29.2 4.6 13
April/2010 108.9 27.0 16.1 19
May/2010 18.4 28.0 6.9 11
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Table 3. Spearman correlations (rs) between the abiotic factors and the fractions of litterfall.

Tabela 3. Correlagdes de Spearman (rs) entre os fatores abioticos e as fragdes de serapilheira.

209

Fractions RO R1 HO H1 TO T1 WO Wi

Total litter 0.08 0.22 -0.05 0.06 -0.32 -0.46 0.80* -0.13
Leaves -0.01 0.22 0.04 0.16 -0.39 -0.61* 0.61% 0.11

Branches 0.13 0.19 -0.18 -0.02 0.05 -0.17 0.91* -0.14
Flowers -0.06 0.05 -0.56 -0.09 0.73* 0.41 -0.12 0.28
Fruits -0.30 -0.31 -0.37 -0.27 0.05 -0.09 0.57* -0.11
Miscellaneous 0.61%* 0.49 0.58%* 0.31 -0.78* -0.42 0.36 -0.41

R =rainfall; H = soil humidity; T = temperature; W = wind speed; 0 = month of deposition of the litterfall, and 1 = month
previous to the occurrence of the deposition of the litterfall. * Significant results (p < 0.05).

R =pluviosidade; H=umidade do solo; T = temperatura; W = velocidade do vento; 0 = més de deposi¢o da serapilheira,

e 1 = més anterior a deposigdo de serapilheira. * Resultados significativos (p < 0,05).

4 DISCUSSION
When most of the deposition of the litterfall occurs?

Contrary to our first hypothesis, we found
the highest rates of litter input concentrated at
three months of the dry season. While in the rainy
season of Serra das Almas Natural Reserve, the
forest is predominantly herbaceous, consisting of
mainly therophytes and a woody component with
approximately 25 species per hectare; in the dry
season, the herbaceous plants die and most trees
and shrubs lose their leaves (Aratjo et al., 2011;
Costa and Aratjo, 2012).

The deciduous behavior of most species
of Caatinga explains the lower deposition rate at
the end of the dry season and the beginning of the
rainy season. The lowest rate in December can be
explained by the small amount of edaphic moisture.
While, high rates in February and April can be
associated with the intense wind velocity.

The value found for total litterfall is
expected for Caatinga areas, where the average
litter production is between 1,500 and 3,000 kg ha'.
year (Costa et al., 2007; Andrade et al., 2008). This
production is small when compared to Brazilian
rainforests (Freire, 2006; Santana et al., 2003).
Furthermore, there is no great accumulation of litter
in the semiarid areas, because the volume produced
is not significant even when compared to rainforests
and the calcination occurs (Montés et al., 2002).
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This strong concentration of calcium probably
participates in the neutralisation of top soil
(Gauquelin et al., 1998) through litterfall. Because
of the major contribution of calcium in leaves,
branches, branchlets and trunks, the calcination
of litterfall roughly cancels its contribution to
nutrient cycling, where the soils of semiarids areas
have important participation as source of nutrients
(Montgs et al., 2002).

Which fraction is the main monthly contributor
to biomass production?

Corroborating our second hypothesis,
the higher deposition of leaves is a seasonal process
of gradual replacement of structures in adults by
new leaves and occurs due to the small longevity
of the leaves compared to other plant organs. The
highest deposition of leaf litterfall in the beginning
of the dry season represents a plant community
response to the intense dry period, where leaf fall
is a preventive measure or physiological adaptation
to water stress due to the higher levels of abscisic
acid (Sundarapandian and Swamy, 1999).

The smaller contribution of leaves that
occurred in November, December and January
can be related with the end of the dry season,
where the majority of species have already lost
their leaves, and the beginning of the rainy
season, where there is the renewing of leaves.
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The increase in water supply, which is quite limited
in semiarid regions, leads to a renewing of leaves
(Monasterio and Sarmiento, 1976; Shipley and
Meziane, 2002).

Although there is a synchrony in leaf
deposition and water loss, with higher deposition
during periods of reduced precipitation, the
leaves are not shed or flushed only in response to
variation in rainfall. The annual rainfall in tropical
forests indirectly affects leaf litter production
and there is no simple relationship between the
variables (Proctor et al., 1983). There is variability
in the time of leaf abscission and in the presence
or absence of correlation between rainfall and
leaf fall for Caatinga species (Lima and
Rodal, 2010), since they have different sensitivities
to water stress.

The increased supply of food for insects
and birds in the rainy season, as well as the
competition for food between them, contributes to
a greater deposition of excreta and parts of dead
insects which make up the miscellaneous fraction
(Santos et al., 2011). Miscellaneous is directly
correlated with decreasing temperature, which is
responsible for enhancing the metabolic activity of
animals, generating a greater amount of excrement.
The low rates of miscellaneous at the end of the dry
season and beginning of the rainy season are related
to the reduction of green matter to be consumed
by insects, since most species undergo shedding
during the dry season.

The fall of branches can be attributed
to the occurrence of adverse weather conditions.
The greater deposition of this fraction in the rainy
season is associated to the intensity of the wind
speed that follows the rains during this period,
which would be related to deterioration of wood.
The uniform behavior of deposition of fruits
fraction is explained by the presence of species
that have different periods of fruiting in semiarid
(Griz and Machado, 2001).

Although there was no correlation between
flowers and rainfall, the greatest input of flowers
occurred in the rainy season, since most species in
the semiarid region give flowers shortly after the
start of the rainy season (Borchet, 1996). There was
an increment in the number of flowers available
with an increase in temperature; however, there is
no high temperature variation in the semiarid region.
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This fact may be explained by an overlap between
physiological manifestations caused by ground
water level and temperature.

Which climate factors have more influence on
litterfall deposition?

The high production of deciduous
material at the beginning of the dry season is a result
of the adaptation mechanism for semiarid species
to reduce water loss during the dry period (Ferri
and Labouriau, 1952). Although the importance
of water for semiarid areas is widely described,
rainfall and soil humidity did not present correlation
with total litter, denying our third hypothesis.
These climatic factors should be analyzed together,
since they interact with each other and effects can
be summed.

The high correlation of the increased
production of litter with increasing wind speed
is explained by physical strength able to pull
their components down. The estimated litterfall
corresponds very well to prevailing wind
directions during leaf fall in a model developed
for broad-leaved deciduous forest (Staelens
et al., 2003). Consequently, prevailing wind
directions during leaf, branch and fruit fall affected
litter deposition in a Caatinga forest. Since the
wind has correlation with almost all the fractions,
we think that wind need to be included in
ecosystem models or biogeochemical models in
drylands. However, even if the wind does not
have an active influence in the area, the deposition
will continue to occur, so this factor should
be considered as one more contribution to the
deposition of litter.

In Caatinga areas, site-dependent climatic
variables have an important control on litterfall.
We found that the cause of the predicted ecosystem
differences in terms of its contribution to litterfall
is completely related to climate models in drylands.
Because litter decomposition is probably linked
to local forest structure as well, climate-spatial
models can result in a better understanding of
litter accumulation. Incorporating the influence
and interaction of individual abiotic factors and
insights into the heterogeneous litter input is also
necessary to evaluate the efficiency of litterfall
sampling strategies.
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