J. For. Res. (2022) 33:543-552
https://doi.org/10.1007/s11676-021-01365-1

)

Check for
updates

ORIGINAL PAPER

Aspects of forest restoration and hydrology: the hydrological

function of litter

Luara Castilho Pereira! - Leonardo Balbinot! -
Marcelle Teodoro Lima’ - Julieta Bramorski? -
Kelly Cristina Tonello!

Received: 1 July 2020 / Accepted: 12 February 2021 / Published online: 3 July 2021

© Northeast Forestry University 2021

Abstract Although forests play important roles in the
hydrological cycle, there is little information that relates the
water retention capacity of litter in areas under passive res-
toration, especially in Cerrado savannas. This study relates
litter levels to water holding capacity and effective water
retention among forest fragments under different passive
restoration stages: 46, 11, and 8 years to better understand
litter hydrological functions in the Cerrado. Water reten-
tion capacity and effective water retention capacity of litters
(unstructured materials, branches and leaves) in the field
were monitored on a monthly basis. Total litter accumulation
at 46 years was significantly higher than that of the other
succession stages. Unstructured litter mass was significantly
higher than that of leaves and branches. The 46-year stage
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had the highest water holding capacity in the leaf fraction,
followed by unstructured material and branches. Although
the water holding capacity was lower in the oldest resto-
ration, this site showed the highest efficiency under field
conditions. The process was quickly reestablished, as the
11-year restoration showed results closer to that for the
46-year stage in comparison to the area at 8 years. Thus,
passive restoration plays a key role in soil water mainte-
nance due to the influence of litter in Cerrado savannas.
Deforestation and the imminent need of restoring degraded
sites, highlight the need for further studies focused on bet-
ter understanding of the process of forest restoration and its
temporal effect on soil water recovery dynamics.

Keywords Forest hydrology - Litter interception -
Stemflow - Cerrado - Aguas Perenes Forest - Water holding
capacity

Introduction

Rainfall is partitioned into different paths when it reaches
a forest canopy and, to contribute to water balance in
ecosystems, these paths are interception, throughfall and
stemflow (Barbier et al. 2009; Liu et al. 2014; Carvalho
et al. 2016; Bessi et al. 2018a, b; Friesen 2020). Through-
fall and stemflow are the rainfall partition reaching the
soil and interact with the litter, which plays a key role in
rainfall interception and functions in the nutrient cycling
and energy transmission within ecosystems (Acharya
et al. 2017; Pang and Bao 2020). Litter is the organic
biomass layer on the forest floor, formed by materials
such as leaves, branches, flowers, fruits, seeds and animal
waste. The composition of litter changes, varying on the
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ecosystem, age and density, as well as on abiotic factors
and site degradation (Piovesan et al. 2012; Santos et al.
2017).

The litter layer is acknowledged as a forest ecosystem
bioindicator, used to assess the quality of the environment,
and it explains why it is often an object of water resource
management projects (Dunkerley 2015; Ilek et al. 2015).
Litter plays a key role in soil and water conservation (Cas-
tillo et al. 2003; Wang et al. 2013) and in other hydrological
processes at a watershed management scale.

The interaction among rainfall, forest canopy, and litter
is an interest of forest hydrologists who investigate rainfall
partitioning and disposition (Dunkerley 2015). Litter water
holding is an important hydrological indicator (Dickow et al.
2012; Acharya et al. 2017; Pinto and Negreiros 2018; Pang
and Bao 2020). Litter acts as a spongeto intercept rainwa-
ter and protect the soil from direct impact, and delays or
eliminates surface water flow (Giacomo et al. 2017), and
mitigates soil water loss due to evaporation.

Litter structure, composition, amount, and properties
change with agricultural systems and with forest manage-
ment, be it for preservation or for timber that lead to changes
in forest hydrological functions. Litter changes directional
flows, humidity and soil water evaporation (Matthews 2005),
so the amount of litter and its hydrological properties can
change infiltration rates and affect watersheds. Finally, litter
can affect both water quality and volume (Zhang and Shang-
guan 2016; Chen et al. 2018; Zagyvai-Kiss et al. 2019).

A lack or shortage of litter can affect water balance on
watersheds and can lead to water loss two-four times higher
than the mass of the ecosystem (Alberts and Neibling 1994).
Litter removal results in increased flow on watersheds,
mainly during large flood events (Gomyo and Kuraji 2016).
Recent studies have added evidence about the effect of litter
on water budgets in Eucalyptus crops, semi-arid scrublands
and on forests having a significant litter layer (Acharya et al.
2017; Chen et al. 2018). These studies are essential to man-
aging forest production systems and soil, water and nutrition
resource sustainability.

Studies on natural forest restoration and on knowledge
of soil restoration dynamics and the conservaton of hydro-
logical processes remain scarce. Litter yield dynamics, its
structure and association with the hydrological properties of
forest ecosystems, and its relevance for water conservation
management have not been widely evaluated (Acharya et al.
2017; Zagyvai-Kiss et al. 2019). Although there are studies
of litter yields in different environments, there is not suf-
ficient understanding of water holding capacity of litter (the
maximum amount retained by litter) in ecosystems under
field conditions. Research on litter hydrological functions
in the water balance of forest ecosystems, either under sta-
ble conditions or restoration process, is extremely important
(Sun et al. 2018; Zhou et al. 2018).
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The aim of this study was to relate litter quantity to its
water holding capacity in forest fragments representing dif-
ferent passive restoration stages in the Cerrado savanna. The
data addressed the following questions: How does litter’s
water holding capacity affect Cerrado passive restoration?
How is litter’s effective water maintained under field condi-
tions? We hypothesized that: litter quantity, its water holding
capacity and its effective water holding capacity increase
due to passive restoration time. Testing this hypothesis will
improve understanding of litter hydrological functions in
Cerrado savanna ecosystems subjected to passive restora-
tion processes.

Materials and methods
2.1 Study area

The study was carried out in the Aguas Perenes Forest, a
Private Reserve of the Natural Patrimony (PRNP) located
in Lagoa Seca microbasin, Brotas County—Sao Paulo State
(22°11.754" S and 48°6.523" W). This forest is the water
recharge area of the Guarani Aquifer. In 2011, it was recog-
nized by the Forest Stewardship Council as a High Conser-
vation Value Forest, since it provides essential environmen-
tal services such as watershed protection. The PRNP covers
approximately 809.8 ha, and is considered as secondary
vegetation of Cerrado (trees cover more than 30% of the
ground, with grass, forming an open savanna), and Cerraddo
(closed woodland savanna without grass cover) (Ratter et al.
1997; Oliveira-Filho and Ratter 2002; Durigan et al. 2012).
The climate is of the Cwa type (Koppen/Geiger’s classi-
fication) mean annual precipitation reaches 1337 mm
and mean annual temperature is 20 °C (Pereira et al. 2021).
Quartzarenic neosol soils prevail (Santos et al. 2018).

2.2 Sampling design

The study was carried out in three areas undergoing differ-
ent degrees of passive restoration: fragment A (FA)—46-year
restoration (tree species in Table S1), B (FB)-11-year resto-
ration (tree species in Table S2), and C (FC)-8-year restora-
tion mostly grass (Brachiaria spp.) (Table S3). Fragments
were approximately 80 m apart (Fig. 1). The area was used
to grow Eucalyptus spp. and after harvesting, the Eucalyptus
was not renewed and the site was left for passive restoration.
Table 1 shows features of the assessed fragments.

The study was carried out in three 400 m* plots 10 m
apart in each fragment with inventory based on the fixed area
method (Bessi et al. 2018a). A total of 1200 m? were sam-
pled in each forest fragment. Total precipitation, throughfall,
stemflow, and litter water holding capacity were measured
on a monthly basis from May/2018 to April/2019. Samples
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Fig. 1 Plot locations in each
fragment: Fragments under-
going passive restoration

for 46 years (FA), 11 years
(FB) and 8 years (FC). Aguas
Perenes Forest, Brotas County,
Brazil

Aguas Perenes Forest.

Table 1 Features of the

Fragments DBH (cm) Tree height (m) Crown area (m?) Number of  Tree den-
fragments trees™ sity (ind.
ha™!)
FA (46 year) 10.8 (0.4) 8.45 (0.21) 35.61 (3.73) 169 1408
FB (11 year) 11.7 (1.1) 6.12 (0.50) 51.30 (6.90) 27 225
FC (8 year) 12.9 (0.5) 5.10 (0.20) 88.20 (0.20) 2 17

* DBH: diameter at breast height; DBH>5 cm (even plants “DBH can produce litter, for fragment charac-
terization, we considered trees with DBH > 5 c¢m); standard errors in brackets

were simultaneously collected in the three different plots on
the same watershed hillside. The fragments were subjected
to the same land use history to make the comparisons as
accurate as possible.

2.3 Data collection
2.3 1 Open precipitation, throughfall and stemflow

Polyethylene gauges were used to monitor precipitation
and throughfall, (78.5 cm catchment and 20 cm high) for a
capacity of 1.57 L. Precipitation was measured with a rain
gauge installed near the plot (maximum distance 30 m). A
funnel on the top of the rain gauges prevented leaves, insects
and small animals to enter to avoid interrupting water flow

and to minimize evaporation. Precipitation was calculated
by the following equation:

V (mL)
= —-x10
A (cmz) M
where, P is precipitation (mm), V rain gauge volume (mL)
and A rain gauge catchment area (cm?).
Throughfall collectors were placed 1.2 m above the
ground for 20 rain gauges distributed throughout the plots

(Eq. 2):

n | X
r-3

n=1
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where, Tfis throughfall (mm), V volume of each rain gauge
(mL), A catchment area of each gauge (cm?), and ni the num-
ber of gauges.

Stemflow was measured on trees with DBH (diameter
breast height at 1.3 m)>5 cm. The stemflow was measure-
ment using a polyurethane gutter system based on the meth-
odology (Likens and Eaton 1970) and fixed at 1.3 m from the
ground among the trees. The water that drained through the
stem surface was directed by a 5/8" hose to 20 L collectors.
The stemflow yield (SF, mm) was calculated considering the
ratio between the volume accumulated in the collectors (V, L)
and canopy area (CA, m).

Precipitation, throughfall and stemflow samples were meas-
ured in the field with 1-L measuring cylinders (0.5-L gradu-
ation) or in 20-L graduated buckets (0.5-L graduation). Net
precipitation per plot was found by summing throughfall and
stemflow.

2.3 2 Forest litter samples

The litter layer on the soil surface was collected on a monthly
basis using a 50 cm x 50 cm gauge partitioned into four quad-
rants. Collection was random and only material in one quad-
rant was collected at a time. This resulted in 10 collections in
each plot, for a total of three composed samples per fragment/
month.

The soil was sieved and removed from the litter samples,
and the fresh mass of the litter was measured in the field. The
samples were stored in plastic bags, and the litter screened for
the following fractions: branches, leaves, reproductive material
and unstructured material (pieces of bark, fruit, reproductive
parts, seeds). The various fractions were subsequently dried
in a forced air-circulation oven at 70 °C until constant weight.
Monthly and annual litter accumulations were estimated by
summing the fractions. Fragment C (FC) was from a young
restoration stage and had only two trees; its litter was essen-
tially composed of herbaceous Brachiaria spp., which made
litter fractioning impossible.

2.3 3 Water holding capacity (WHC)

The WHC was determined under laboratory conditions. The
methodology for WHC used in the current study was devel-
oped by Blow (1985). Each litter fraction was rehydrated by
immersion in water for 90 min. The fractions were deposited
on sieves, drained for 30 min for humid mass (HM) determina-
tion on a precision scale, dried again at 70 °C, until constant
weight. They were weighed to get their dry mass (DM). WHC
was found through:

HM — DM
- MDD

WHC 00 3)
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where WHC is water holding capacity (%), HM is the humid
mass (g), and DM is the dry mass (g).

The relationship between fresh mass and litter water
holding capacity was determined to investigate the effective
water holding capacity (EHC, %) for each fragment under
field conditions. This was determined by Eq. 4:

FM

EHC= 2= x 1
C= 100 (4)

where, FM is fresh mass (g), and HM is humid mass (g).
2.4 Data analyses

Litter accumulation (total and component parts), water hold-
ing capacity (total and component parts) and effective lit-
ter water holding capacity of all plots per fragment, were
subjected to homoscedasticity tests of variance through
the Bartlett test (“bartlett.test” function, “stats” package),
and to normality analysis through Lilliefors (Kolmogo-
rov—Smirnov) (“lillie.test” function, “nortest” package) in
R software (R Development Core Team 2018) for statisti-
cal analysis. Analysis of variance (“aov” function, “stats”
package) was applied to normal data through Tukey test
(“TukeyHSD” function, “stats” package) at 5% probability
level. Data that did not meet ANOVA assumptions were sub-
jected to non-parametric Kruskal-Wallis test (“kruskal.test”
function, “stats” package). The Spearman test (“pspearman.
test” function, “pspearman” package) was adopted to deter-
mine whether there were significant correlations between
litter accumulation and precipitation or net precipitation,
as also between effective water holding capacity and net
precipitation.

Results
3.1 Total and net precipitation

Accumulated precipitation throughout the research period
was 936.7 mm, i.e., 6.3% higher than the precipitation
recorded in the same period (877.8 mm) by the official
meteorological station of the National Meteorology Institute
(INMET 2020). The comparison between precipitation in
the study area and the use of averaged data over 1981 —2010
(climatological normal for the latest global standard nor-
mal period) showed an atypical year. Mean temperature was
21.6 °C, 5% higher than that recorded for normal (20.6 °C).
The highest mean temperature was recorded in December
(24.7% above normal) and the lowest in July (18.3%) (Fig.
Sla in the Supplemental Materials). Net precipitation (NP)
in FA (46 years) and FB (11 years) was 894.6 and 824.1 mm
a~!, respectively, 4.5% and 12% lower than the precipitation
without tree cover. FC (8 years) was characterized as an



Aspects of forest restoration and hydrology: the hydrological function of litter 547

open field; its NP was similar to the accumulated precipita-
tion (Figs. S1b, S1c and S1d in the Supplemental Materials).

3.2 Litter accumulation and composition

Total litter ranged from 5.5 tha'a 'inFA,3.5tha ! a™!
in FB and 3.4 t ha™! a~! in FC. The fractions showed sig-
nificant differences between fragments (Fig. 2a) and had
smaller variations in FA (54.1% unstructured, 25.9% leaves,
21.9% branches). The unstructured fraction in FB alone was
75.2% of the total litter, whereas it was 14.0% of leaves and
12.8% of branches. The ANOVA test at 95% confidence
level showed that the unstructured fractions did not differ
between fragments unlike the leaves and branch fractions
(Fig. 2b, c, d).

Mean monthly litter accumulation on the FA site (Fig.
S2 in the Supplemental Materials) is statistically different
between months and between fractions. May had the high-
est litter accumulation in FA (0.77 t ha™') when the low-
est temperature was also recorded (18.3 °C). FB and FC
showed statistical homogeneity between months. The high-
est litter accumulation in these ecological fragments was in
March (0.53 t ha™!) and February (0.55 t ha™!) (Figs. S2b
and S2c in the Supplemental Materials), after the largest net
precipitation recorded at this time of the year. The highest
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temperatures were between December and March (23.7 °C
on average).

Litter production was influenced by precipitation rates.
Pearson correlation showed that this was more correlated
to net precipitation in all fragments than to open precipita-
tion (Table 2), although there was negative correlation in
FA. None of the fragments showed statistical significance
(p>0.05).

3.3 Litter water holding capacity

Total litter water holding capacity was different between pas-
sive restoration sites. The highest average r water holding
capacity was for the FC fragment (394%), followed by FA
(224.6%) and FB (221.4%) (Fig. 3). WHC was statistically
different between averages for the fragments.

Table 2 Spearman’s correlation
among litter accumulation (LA,

t ha‘l), total precipitation (P, FA
mm) and net precipitation (NP,

Fragment LAXP  LAXNP

—0.28ns —0.28 ns

. . FB .21 ns . s
mm) in three areas subjected 0.21ns  0.35ns
to passive restoration: 46 years FC 0.22ns  0.22ns
(FA), 11 years (FB) and 5 years o
(FC) ns: Non-significant
B 040 2

a
~ 0.35
'g
< 0.30 —‘7
g 0.25 x
£ .
= 0.20
: 1
Q 0.15
2 il
g o0
= 0.05
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R
003 ==
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Fig. 2 Monthly mean litter accumulation (t ha") for a FA, FB and FC; b mean litter partition in unstructured material, ¢ branches and d leaves
from FA and FB. Different lower-case letters mean significant differences (p <0.05)
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The highest WHC values were in different months in each
area. FA had the highest WHC in August (436.4%), FB the
highest in June (345.9%) and FC, in November and Decem-
ber (847.7%). FC values were 3 —4 times higher than those
for FA and FB in the same period (Fig. S3 in the Supple-
mental Materials). These values were not records of highest
litter accumulation but ones for net precipitation. The high-
est WHC for FA was after two consecutive months without
any precipitation. The outcome for FB was related to the
first month without precipitation. The highest WHC for FC
was after a precipitation increase although it was followed
by an 80% decrease.

The FA fraction assessment was possible by the follow-
ing WHC order: unstructured material (344.1%) > leaves
(307.0%) > branches (221.7%) (Fig. 4a). FB showed a dif-
ferent behavior, both in order and magnitude (values lower
than those recorded for FA): leaves (290.4%) > unstructured
material (241.6%) > branches (131.9%) (Fig. 4b). There was
overall progress in restoration between FA and FB; litter
had higher water holding capacity although its components
recorded different WHC order. FA and FC were statisti-
cally different among months (p <0.05). WHC in FA and
FB was statistically significant different among averages for
the fractions.

3.4 Effective water holding capacity of litter under field
conditions

The analysis of the mean annual litter WHC which is cor-
related fresh to humid mass, showed that EHC increased as
passive restoration evolved. FA and FB were similar but dif-
fered from FC. This means that FA and FB held more water
in their litter, although their WHC was lower compared to
FC, which, in turn, recorded 45% capacity (Table 3).

The correlation of fresh and humid mass ratio to net
precipitation showed that net precipitation became more
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Fig. 4 Average litter water holding capacity (WHC, %) branches,
leaves and unstructured material in a FA and b FB

significant and higher as the successional stage evolved: FA
(83%)>FB (44%) > FC (22%) (Table 4).

Discussion
4.1 Litter accumulation and restoration stage

Litter accumulation in FA was close to that observed by
other researchers in tropical environments having similar
features: 5.15 t ha™! a~! in a forest fragment under resto-
ration for 30 years (Mateus et al. 2013); 5.6 t ha~!a~!in
Cerradao (Cianciaruso et al. 2006), and 4.99 t ha~'a~!in
Cerrado (Ribeiro et al. 2017).

Litterfall was higher in FA than in FB or FC, and is
explained by high tree density (Table 1) since this was
linked to forest structure (Almeida et al. 2015) and to
organic matter as shown by other researchers (Borém and
Ramos 2002; Costa et al. 2010; Mateus et al. 2013). Paiva
et al. (2015) attributed the significantly higher annual litter
to forest phytophysiognomy (6.3 t ha~' a=!) in comparison
to the savanna (3.5 t ha™' a™!), which the last had values
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Table 3 Median for. annual Fragment Fresh Mass (g) Humid Mass (g) EHC (%)

fresh mass (g), humid mass

(g) and effective water holding Mean Median Mean Median Mean Median

capacity (EHC, %) under field

conditions in FA, FB, and FC FA 463.0 (42) 289.0% 915.0 (89) 808.0% 52.5(4.3) 495%
FB 291.7 (22) 458.1° 594.0 (43) 618.6° 51.2 (4.5) 4932
FC 359.0 (53) 3245° 787.0 (74) 716.8 ¢ 449 4.7) 412°

Different lower-case letters [a, b, c] mean significant differences in the same columm (p <0.05)

Table 4 Spearman’s correlation

S EHC x NP r p-value
(r) between effective water
holding capacity (EHC, %) and FA 0.88 0.001
net precipitation (NP, mm) for
FA, FB, and FC FB 0.44 0.015
FC 0.22 0.490

closer to those for FB and FC, although Brachiaria species
were predominant in FC.

Litter accumulation for FB and FC were statistically
different from each other but similar to results for Capoeira
(10 years — dominated by Clidemia urceolata and shrub-
tree species) and Capoeirdo (15 years — dominated by
Clidemia urceolata and Cecropia pachystachya) (Mateus
et al. 2013). However, they were different from records
of disturbed pasture (6 years) (Mateus et al. 2013). This
indicates the evolution in litter accumulation in FC and its
restoration stage, which was the initial restoration stage,
in comparison to FB.

The current study showed that litter accumulation
varied within fragments and months. Variations due to
temperature and precipitation were associated with plant
strategy to control water loss due to transpiration during
warm periods, e.g., leaf and branch abscission (Pereira
et al. 2017). In the Amazon, the largest litter accumu-
lation occurred in the warmest periods of the year due
to leaf renewal by trees (Kim et al. 2012) due to better
radiation use for photosynthesis, even with low soil water
availability.

In contrast to the current study, several reports indicated
that the leaf fraction corresponded to 60% or more of the
total litter in different forest ecosystems. In the Cerraddo
and mesophilic forests, the litter is 71.6% leaves,+ 11.1%
branches, and 68.8% of leaves + 10.3% of branches, respec-
tively (Gidcomo et al. 2012), and 75.0% leaf fraction in a
forest-savanna transition (Paiva et al. 2015).

The material classified as unstructured consisted of leaves
at the decomposition stage, and fruit and seeds. This makes
it possible to suggest that the high percentage of unstruc-
tured material was from a more active litter decomposition
in FA, although it was more evident in FB. The litter frac-
tioning analysis indicated that litter decomposition in FA
and FB was evolving and providing subsidies for the main-
tenance of management practices in these ecosystems.

4.2 Water holding capacity, effective water holding
capacity and passive restoration

Litter water holding capacity (WHC) depends on its com-
position of leaves, branches, unstructured material, fruit and
seeds) and on the size distribution of its fractions, mainly in
the decomposition stage since small particles have reduced
contact surface and absorb more water (Melos et al. 2010).
With Eucalyptus, the litter water holding capacity was
reported as 249.6% (Santos et al. 2017) and 235.0% (Melos
et al. 2010), 230.0% in disturbed and abandoned pastures,
and 206.0% in natural forest fragments (Mateus et al. 2013).
Their findings are similar to what was observed in this study:
FC accounted for higher water holding capacities than FA
and FB.

Less decomposed materials had lower WHC, especially
evident in the branches, as observed by Mateus et al. (2013)
and Santos et al. (2017). Branches have lower water absorp-
tion due to their woody nature and to the presence of lignin,
attributes that favored surface flow which was also enhanced
by their shape (Santos et al. 2017). These features were also
addressed by Voigt and Wash (1976) who reported that
absorption depends on more than one aspect, such as varia-
tion in precipitation and temperature.

The highest water holding capacity in FB was observed
in the leaves rather than in the unstructured litter. This is
because of the high presence of young leaves which had
lower lignin content — this is also linked to grass species. In
the capoeira, the values are close to 342.0% (Mateus et al.
2013). This was attributed to the amount of leaves belonging
to the species Clidemia arceolata DC., which made forest
restoration easier (Matsumoto 1999) and, in the initial res-
toration stages, provided developing species with leaves on
site hold humidity.

It is important to stress that litter WHC only reflected
the water holding condition in the ideal state. Water hold-
ing capacity was higher than the actual litter interception
capacity and did not reflect litter interception under field
conditions (Li et al. 2018). The correlations between fresh
and saturated biomass reinforced litter efficiency in holding
water due to passive restoration maturation under field con-
ditions. So, although the water holding capacity was lower in
the oldest restoration, this site showed the highest efficiency
under field.
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This difference between the laboratory and field water
holding is due to litter interaction with environmental fac-
tors such as radiation, temperature, humidity and wind. As
passive restoration matured, there was more canopy area
available and less radiation inside the forest. Bessi et al.
(2018b) found that light intensity inside the forest fragment
decreased (FC > FB > FA), and when the basal area and for-
est density increased (FC < FB <FA).

Wind, humidity and temperature also play key roles in
ecosystems and water cycles as they strongly affect evap-
otranspiration rates. Atmospheric evaporation demand
increased as temperature increased, and increased evapo-
transpiration rates. There are several studies showing that
evapotranspiration is affected by these factors (Tonello and
Teixeira Filho 2011; Liuzzo et al. 2016; Anderson et al.
2017; Gaertner et al. 2019).

Although the FC site had the highest water holding capac-
ity, evapotranspiration was lower. FC was more character-
ized as open field, which allowed higher radiation, higher
temperatures and lower relative humidity. These factors
promoted higher atmospheric pressure deficits and conse-
quently, higher evapotranspiration rates. Wind was a con-
stant in the FC since it was an open field. These factors
resulted in lower water permanence and lower effective
water holding capacity in litter at the initial restoration stage.

The current study focused on forest fragments under pas-
sive restoration that are of international interest for water
resource conservation. Litter hydrology studies, such as this
one, are important to support discussions and financially
support programs on forest hydrology. However, there is an
immediate need for more research on native forests and to
relate the effect of restoring degraded areas on soil water
recovery.

Conclusion

Litter accumulated as the passive restoration process
matured, and its decomposition rate varied with each envi-
ronment. Litter water holding capacity was three to four
times higher in the forest fragments at the initial restora-
tion stage but did not reflect water holding capacity under
field conditions. The litter effective water holding capacity
increased from the youngest to the oldest forest fragment
under passive restoration. The most mature fragment was
the most efficient in this process, as well as showing better
correlation to net precipitation. The hydrological functions
of litter were gradually reestablished depending on the res-
toration time, as the 11-year restoration area showed results
closer to the ones for the 46-year restoration period, com-
pared to the 8-year restoration area. Thus, passive restoration
plays a key role in soil water maintenance due to the influ-
ence of litter on the Cerrado savanna.
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