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Abstract

The ecosystem processes in the caatinga, such as litter dynamic, are threatened and little is known about it in
these environments. The litter processes can be used as indicators of degradation or recovery of an ecosystem
because these processes react to changes in the ecosystems. The litterfall deposition was collected monthly over
23 months in collectors of 1.0 m” The litter accumulation on soil was collected monthly over 23 months in
frames of 0.25 m”. The coefficient of decomposition (K) was estimated by the relation between annual litter
production and litter stock in the soil surface. Annual litterfall production increased with stand age. Total annual
litter production in different age stands varies from 1.37 Mg ha in the 15 years to 2.37 Mg ha™ in the 50 years
stand. K and renewal times were also significantly different among the sites. K was higher in 50 years, followed
by 30 years and 15 years. There were a higher litter production and accumulation in the older stands. The older
stands presented faster litter decomposition and renew, which evidences a better utilization of litter in the
nutrient cycling process and the incorporation of organic matter into the soil. These results show that litter
processes are effective indicators of the stage of degradation in a caatinga ecosystem.
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1. Introduction

Over the last few centuries, the caatinga ecosystems are being degraded by human activities. The original
vegetation covered close to 1.0 million hectares and nowadays only about 40% still remain as native vegetation
(Gariglio et al., 2009). However, the most part of this remnant is explored for the wood extraction, pasture for
breeding cattle, goats, and sheep or in the itinerant agriculture.

The ecosystem processes in the caatinga are threatened and little is known about it in these environments. The
nutrients cycling is one of the ecosystem process more sensitive to these disturbances. The nutrients cycling is
one of the determining functions for regulating the functioning and development of ecosystems (Santana &
Souto, 2011).

Most of the process of return of the mineral elements to the forest soil occurs through the production,
accumulation, decomposition and release of the nutrients of the litter (Andrade et al., 2008). The litter layer is
composed by vegetal origin tissues such as leaves, branches, seeds, fruits, flowers and animal origin, such as
carcasses and excretas, in several decomposition states that accumulate on the soil serving as source of energy
and nutrients for decomposing organisms.

The litterfall production and accumulation can be influenced by several abiotic and biotic factors, such as
vegetation type, altitude, precipitation, temperature, lightness regimes, water stress, soil type, soil biota,
vegetation structure and composition (Holanda et al., 2017). The environmental physical and chemical
conditions, the heterotrophic activity of the decomposers and the quality and quantity of the organic residues
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resources will condition the time of the decomposition process (Cunha-Santino & Bianchini Junior, 2002). Thus,
the production, accumulation and decomposition of litter can be used as indicators of degradation or recovery of
an ecosystem, because these processes reacts to changes in the ecosystems (Nascimento et al., 2015).

In the Caatinga, there are few studies about ecosystem processes that involve the dynamics of the litter (Souto,
2006; Costa et al., 2007; Lopes et al., 2009; Santana & Souto, 2011; Holanda et al., 2017), particularly in
degraded environments (Bauer et al., 2016; Luna et al., 2017). Moreover, there is few information about the use
of the litter processes as indicators of degradation in caatinga. However, the existing studies cover short periods,
which is not able to fully capture the behavior of these processes in face of the usual climatic oscillation among
years in this region.

The gathering of information about the litter dynamic processes enables the understanding of the functioning of
the caatinga ecosystems, seeking information for the establishment of forest management practices for the
recovery of degraded areas and maintaining the productivity of degraded environments.

Our study examined litter production and accumulation processes in increasingly common regenerated caatinga.
The following specific hypotheses were tested: (1) litterfall mass production and accumulation on the soil
increase with the regeneration age; (2) litterfall mass production, accumulation on the soil and decomposition
coefficient are efficient indicators of degradation in caatinga ecosystems. Therefore, the objective of our study
was to evaluate the litter production and accumulation as an indicator of degradation of the caatinga vegetation.

2. Method
2.1 Study Area

The study was conducted in a Caatinga dry forest fragment located in Paraiba State, north east of Brazil (06°48'
S e 36°57" W). The area is characterized by semiarid climate, BSh’ K&eppen’s classification (Alvares et al.,
2013). Mean annual temperature is 28 °C and mean annual precipitation is 700 mm (Paraiba, 2006). The dry
period extends between seven and tem months. Topography is relatively flat reaching a mean elevation of 270 m
above sea level.

The data of pluvial precipitation (monthly average values) were provided by the Agencia Estadual de Aguas da
Paraiba. The total rainfall in the study period was 1,099.7 mm. The highest values were recorded in the months
of April/2011 (244 mm) and May/2011 (185.1 mm) and lowest values, in the months of June/2011 (3.8 mm) and
March/2012 (4 mm). During the period of this study, six months no rainfall were recorded October/2010,
September/2011, November/2011, December/2011, April/2012 and July/2012 (Figure 1).
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Figure 1. Pluvial precipitation data for the study area. Data were collected from the Agencia Estadual de Gestao
das Aguas do Estado da Paraiba, Brazil

The soils of the study sites are of crystalline origin, whose chemical attributes are presented in Table 1. Soils of
the sites are shallow and stony and belong to luvisols and leptosols (IUSS Working Group WRB, 2006). The
vegetation of the sites shows different intensities of anthropism with trees of medium to low size not exceeding
8.0 meters in height. The historical use of land demonstrates that the natural tree-shrub Caatinga was replaced for
the implementation of agricultural crops, mainly by the cultivation of cotton, and later, for grazing of goats and
cattle. After that, the sites were abandoned and the forest regrowth. Some information of the vegetation
characteristics are shown in Table 1.
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Table 1. Location, vegetation characteristics and soil chemical properties (in the 0-20 cm layer) in the study sites

Site 15 years old 30 years old 50 years old
Location 6°4824"S-36°57'10"W 6°48'22"S-36°57'04"W 6°48'32"S-36°57'09"W
Tree density’ (yn 173 466 986
Basal area' ( ha) 0.215 0.327 1.159
Soil parameters
PH (cacr) 5.3 5.0 5.4
OM (yum’)
Presin (g/dm3) 3
AL (motam) 1 1 1
H + Al mmotam ) 15 18 15
K (mmol/dm ) 3.8 2.3 1.6
Ca (umotidm ) 16 14 13
ME (mmoldm’) 5 4 5
CEC (umotiam’) 39 38 34

Note. 'Alencar (2014).

At the study area, sites were surrounded at different times to prevent the entry of cattle and goats and allow for
the natural regeneration of the vegetation. Based on these regeneration times of the vegetation in the place, three
different stands with dimensions of 6,600 m? were selected to this study including a newly fenced area, a 15
years of regeneration area, a 30 years of regeneration area and an area with more than 50 years of regeneration.

The stand with 15 years of regeneration has about 15 years of fallow. This plot is characterized by the presence
of fast-growing species mainly Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela),
Poincianella pyramidalis (Tul.) L. P. Queiroz (catingueira), Mimosa tenuiflora (jurema preta), Aspidosderma
pyrifolium Mart. (pereiro) and Combretum leprosum Mart. (mofumbo) (Alencar, 2014). These species develops
after the clear cutting of vegetation in most part of Serido region in Brazil north east.

The stand with 30 years of regeneration presents 30 years of fallow. This vegetation is predominantly composed
of shrub-tree species of medium and small size, with clearings occupied by herbaceous species. Dominant
overstory tree species include Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela),
Poincianella pyramidalis (Tul.) L. P. Queiroz (catingueira) and Luetzelburgia auriculata (Allemao) Ducke (pau
pedra). Common understory herbs include Diodella teres and Cyperus odorathus (Alencar, 2014).

The 50 years of regeneration stand has a vegetation more advanced stage constituting a higher floristic diversity
and significant volume of wood trees. It presents a relatively uniform canopy with most of the crowns touching,
shading the soil with consequent diminution of the herbaceous stratum. Dominant overstory tree species include
Croton blanchetianus Baill (marmeleiro), Cnidosculus quercifolius Pohl (favela), Jatropha molissima (Pohl)
Baill. (pinhdo-bravo), Poincianella pyramidalis (Tul.) L.P. Queiroz (catingueira), Mimosa tenuiflora (Willd.)
Poir. (jurema preta) and Bauhinia cheilantha (Bong.) Steud. (morord) (Alencar, 2014).

2.2 Litterfall Production

For each selected stand, we established three 1000 m? plots, within which all measurements were obtained. In
each plot, eight litter traps were randomly placed on August/2010. A total of 24 litter traps were placed in each
stand, totalizing 72 litter traps (8 litter traps x 3 plots x 3 stands).

All litter traps were made of collector made from iron bars and nylon mesh netting (1 mm?) and set about 25 cm
above ground level. All the litterfall in each trap was emptied monthly over a period of 23 months, from
September 2010 to July 2012. All litter from each trap was separated monthly into four different fractions: leaves,
branches/twigs, reproductive structures (flowers, fruits and seeds) and others (which included plant and animal
remains and unrecognizable fragments).

In the laboratory, the materials were packed in paper bags and submitted to forced circulation at 65 °C for 72 h.
Each fraction was weighed separately on a 0.01 g high precision digital scale to determine its contribution to
total litterfall. The total production was obtained through the sum of the four fractions, which represents the
monthly production of litter per litter trap. The annual production of litterfall was obtained through the sum of
the monthly production of the collectors and was recorded in Mg ha™'year™.

136



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 13,2019

2.3 Accumulation of Litter on the Ground

For each selected stand, we established three 1000 m? plots, within which all measurements were obtained. All
organic material was removed from 0.25 m” areas. Six replicates were randomly collected in each plot using an
iron frame. A total of 18 collections were realized in each stand, totalizing 54 accumulated litter on the ground
collections (6 litter traps x 3 plots x 3 stands).

The accumulated litter on the ground was estimated in all stands through monthly collections, over 23 months
from September/2010 to July/2012, including the dry period and the rainy season. The litter was placed paper
bags and dried at 65 °C to constant weight and was weighed separately on a 0.01 g high precision digital scale.
The annual accumulated litter on the ground was obtained through the sum of the monthly production of the
collectors and was recorded in Mg ha™' year™.

2.4 Coefficient of Decomposition and Mean Time of Litter Renovation

The coefficient of decomposition (K) is an estimate of the proportion of decomposition of litter layer
accumulated on the soil in one year. The coefficient of decomposition of litter was estimated by the equation
proposed by Olson (1963):

K = L/Xss (1)
In which: K = coefficient of decomposition; L = annual litter production in collectors (Mg ha™);
Xss = annual average of accumulated litter on the ground (Mg ha™).

The K value or instantaneous decomposition coefficient is the ratio of litterfall produced/accumulated litter mass
(Anderson & Ingram, 1989). From the value of K, the average renewal time estimated by 1/K and the time
required for decomposition of 50% (tsgs,) and 95% (tose,) of the litter, estimated by the equation of Shanks and
Olson (1961):

Tson, = 0.693/K (2)
Tosy, = 3/K (3)

2.5 Data Analysis

Exploratory testings were carried out to verify the compliance with the assumptions of normality,

homoscedasticity and independence of data. The Shapiro-Wilk test was performed to verify the normality of the

data and the Levene test was used to verify homoscedasticity. The one-way ANOVA was used to examine

differences among stands. A repeated-measures analysis of variance was used. Tukey tests were performed to
test differences among factors when F-values were significant (p < 0.05).

3. Results
Annual litterfall production increased with stand age. Total annual litter production in the different age stands of

Caatinga regeneration varies from 1.37 Mg ha™ in the 15 years of regeneration area to 2.37 Mg ha™ in the 50
years of regeneration stand. ANOVA indicated a significant effect of site age to total litter production (Figure 2).

b

Annual litter production (Mg ha')
o
(=}

15 years 30 years 50 years
Figure 2. Annual litter production for different age stands. Standard deviations are indicated with error bers

Leaves constituted more than 72 percent of litterfall in all stands (Table 2). After the leaves, the highest
proportions were observed for branches and twigs and reproductive components in the 30 years old stand. The
opposite order was observed in the 15- and 50-years old stands (Table 2).
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The contribution of reproductive structures litter ranges between 8 and 19%, while the others litter fraction do
not produce much more than 2% of the total in each of the stands (Table 2).

The highest proportions of others fraction was observed for the 30 years stand, while the 15 years stand showed
the lowest contribution (Table 2).

Table 2. Percentages of different components of litterfall in Caatinga vegetation sites, Brazil

Site Leaves (%) Branches/Twigs (%) Reproductive structures (%)  Others (%)

15 years 76.64 (19.25") ¢ 10.95 (5.11) b 11.68 (5.14) b 1.46 (0.85) ¢
30 years 72.56 (18.44) b 16.46 (7.33) a 8.54(3.87)b 2.44(0.98) a
50 years 72.15(18.33) a 6.75(3.25)b 18.99 (7.38) a 2.11(0.96) b

Note. "Numbers in parentheses are the standard deviation of the mean.

Annual litterfall dry mass production in the stands showed peaks of distribution September 2010, between March
and September 2011 and May 2012 in all stands. Total litterfall collected between March and September 2011
accounted for a large proportion (52-54 %) of annual litterfall (Figure 3).

The highest productions were in April 2011 in the 15 and 30 years old stands (0.33 and 0.39 Mg ha,
respectively). In the 50 years stand, the highest production was in May 2012 (0.40 Mg ha™") (Figure 3).

Peaks in annual litterfall production of leaves followed a trend similar to that of total litter production (Figure 4).
Annual branches and twigs litterfall dry mass production in all stands showed a bimodal distribution (April to
May 2011 and 2012).

Annual reproductive structures dry mass production in 15- and 30-years old stands exposed a bimodal
distribution (March to April 2011 and May 2012), while the 50-years old stand showed a extended bimodal peak
pattern (February to June 2011 and May 2012) (Figure 4).

The fraction others presented a variable distribution with smaller productions during the months of August 2011
to June 2012 (Figure 4). The others fraction presented the lowest participation in the experimental areas,
reaching a higher production in September 2010 in the 15-years stand, April 2011 in the 30 years and in
November 2010 in 50 years stand (Figure 4).
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Figure 3. Monthly total deposition of litter for the different regeneration stands ages. Standard deviations are
indicated with error bars

The mean value of the litter accumulated on the ground also increased with stand age. Mean annual litter
accumulation in the different age stands fluctuates from 3.66 Mg ha™ in the 15 years to 3.88 Mg ha™ in the 50
years of regeneration stand. The 30 years stand showed a mean value of litter accumulation of 3.71 Mg ha™.
ANOVA no indicated a significant effect of site age to mean litter accumulation.

The coefficient of decomposition and renewal times were also significantly different among the sites (p < 0.05).
K was higher in 50 years, followed by 30 years and 15 years (Table 3). Due to the higher observed K in the 50

years stand, the renewal times in the 15- and 30-years sites were significantly higher than in 50 years stand
(Table 3).

The mean time required for the litter renewal (1/K) was less than one year in the 50 years stand. The mean time
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required for the litter renewal, for the 50% and 95% decomposition decrease with the time of regeneration (Table
3).

Table 3. Decomposition coefficient (K), average time of renovation (1/K) and necessary time for 50% (tsg.;) and
at 95% (tose,) litter decomposition for the different stands ages

15 years 30 years 50 years
K 0.72 ¢ 0.85b 1.17 a
1/K (years) 1.39 (507 days) 1.18 (430 days) 0.85 (311 days)
ts00, (years) 0.96 (351 days) 0.82 (298 days) 0.59 (216 days)
toso, (years) 4.17 (1521 days) 3.54 (1291 days) 2.56 (935 days)
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Figure 4. Monthly fractions deposition of litter (Mg ha™") for the different regeneration stands ages. Standard
deviations are indicated with error bars
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4. Discussion

Litterfall production was significantly influenced by the time of regenaration (p < 0.01), where considerably
lower litterfall was observed in 15 years old stand compared to 30 and 50 years old stands (Figure 2).

The low tree density can be the reason of the low productions in the young stands (Table 1). Almeida et al. (2015)
affirm that areas with low tree density have simpler vertical and horizontal vegetation structure, influencing
ecosystem processes such as litter production. The higher litterfall in the 50 years regeneration stand compared
to the others stand has corroborated our hypotheses that higher litterfall would be observed in the older stand due
to their higher biomass and closed canopy.

The litterfall fractions distribution pattern at the 30-year stand was similar to that found by Alves et al. (2006)
and Andrade et al. (2008) in Caatinga fragments: leaves > branches/twigs > reproductive structures > others.
While Lopes et al. (2009) obtained a distribution similar to the stands of 15 and 50 years: leaves > reproductive
structures > branches/twigs > others.

The leaves contribution for the litterfall in the stands are close to the production average found in dry tropical
forest environments. Martinez-Yrizar (1995) indicates that the leaf litter contributes typically around 70% of the
total for dry tropical forests.

The leaf litter contributions range between 56.16 and 80.62% in Caatinga forest in different preservation levels
(Alves et al., 2006; Souto, 2006; Costa et al., 2007; Andrade et al., 2008; Lopes et al., 2009; Santana & Souto,
2011).

The highest deposition (0.27 Mg ha™') was in the 30 years stand, where it was the second largest contribution in
the total litter. In younger regeneration areas, tree vegetation is distributed more widely with large gaps between
the shrubs, which facilitates wind movement. The mechanical action of these air masses together with the rain on
the dry structures favors the deposition of the branches and twigs (Almeida et al., 2015).

Regarding the reproductive structures, we verified that this fraction was the second largest deposited in the 15
and 50 years stands. However, there was a significant difference between the stands with the highest litter
production of this fraction in the older stand. This low production of reproductive structures in the younger
stands can be explained by the floristic composition of these areas. In the younger stands, there is the
predominance of pioneer species characterized by lighter and smaller fruits and seeds, such as marmeleiro and
jurema preta, which, despite high yields, do not present a significant mass, as is the case with the fruits of the
pereiro species, common in older stand, a fact confirmed during the litter screening.

Considerable seasonality in litterfall was demonstrated for all stands ages under study. The leaves showed a
dinamic of production over the months similar to the total production. The branches and twigs fraction do not
have a defined phenological pattern capable of being related to biotic and abiotic factors that can characterize the
vegetation (Leitdo-Filho et al., 1993). This fraction was the most variable with coefficient of variation higher
than 40%.

The reproductive structures dry mass production were higher in wet season in all stands. Similar results were
obtained by Souto (2006) and Santana and Souto (2011). These authors affirm that practically the entire cycle of
flowering and fruiting of the caatingas’s species occurs after the beginning of the rainy season.

The others fraction showed low production during the dry season in all stands. Souto (2006) explains that the
greatest food supply for insects and birds occurs in the rainy season, which may contribute to a greater
deposition of parts of dead insects and waste, the main components of this fraction. Although the fraction is less
abundant, the components of this fraction are rich in nutrients and energy and, associated with the high degree of
fragmentation, may be a more accessible source for decomposers (Proctor, 1987).

The values of K obtained in the 15 and 30 years old stands show that on the soil a litter quantity is maintained
higher than the amount that is produced annually by the vegetation, indicating, therefore, that the utilization of
the litter is relatively slow when compared to the 50 years old stand.

In Caatinga studies, the K values range between 0.71 and 1.25. The values greater than 1.00 are obtained in
preserved Caatinga areas (Souto, 2006; Lopes et al., 2009). We stressed that the studies mentioned above were
carried out in preserved areas of the Caatinga, in contrast to the remarkable anthropic intervention observed in
the present study, which reflects in the variation of the K value between the areas, indicating that the stage with
less intervention the utilization dynamics of the litter is slightly higher.

Golley et al. (1978) affirm that in tropical forests the values of K are generally greater than 1.0 year”, while
Andrade (1997) points out that in temperate forests the K values are generally lower than 1.0 year™. The time of
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renewal of the material that compiles the litter is longer in temperate forests. However, Santana (2005) observed
that there is considerable variability between values ranging from 1.1 to 3.3 year” in tropical forests and 0.4 to
1.4 year” in temperate forests.

The time required for the decomposition of 50% and 95% of the litter in the studied areas indicate that the
decomposition is faster in the older stands. Consequently, a fast reutilization of nutrients by the vegetation in this
stands. Lopes et al. (2009) obtained slower rate of decomposition, the times required for decomposition of 50%
and 95% were, respectively, 358 days and 1,544 days, which is similar to the values found in the 15 years stand.
Souto (2006) verified values close to those obtained in the 50 years old stand, 229.9 days for decomposition of
50% and 996.4 days of 95% in a preserved fragment of Caatinga, which may indicate that the 50 years old stand
already has a high degree of recovery of ecosystem processes.

It was concluded that the deposition of the litter showed seasonal characteristics independent of the age of
regeneration of the caatinga forest. The largest contribution in the deposited material corresponded to the leaves
fraction in all stands age, which shows that leaf litter production is an efficient indicator of the stage of
degradation in a caatinga environment.

There was higher litter production and accumulation in the older stands. The older stands presented faster litter
decomposition and renew, which evidences a better utilization of litter in the nutrient cycling process and the
incorporation of organic matter into the soil. These results show that litter processes are efficient indicators of
the stage of degradation in a caatinga ecosystem.
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