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Abstract Forest plantations and agroforestry systems
with Schizolobium parahyba var. amazonicum have
greatly expanded in the Brazilian Amazon, generally
as an alternative for reforesting degraded areas. To our
knowledge there are no reports of above- and below-
ground production in these forest systems. We
quantified litter and fine root production in 6-yr old
Schizolobium-based plantation forests (monospecific:
MON, mixture: MIX, and agroforestry system: AFS)
and in ~25-yr old regrowth forest (REG) over 8–
12 months. We used litter traps and ingrowth cores to
quantify litter and fine root production, respectively.
Annual litter production was significantly lower in
Schizolobium-based plantations (mean ± standard
error, MON=5.92±0.15, MIX=6.08±0.13, AFS=
6.63±0.13 Mg ha−1 year−1) than in regrowth forest
(8.64±0.08 Mg ha−1 year−1). Schizolobium-based
plantations showed significantly higher litter stock

(MON=7.7±1.0, MIX=7.4±0.1 Mg ha−1) than REG
(5.9±1.3 Mg ha−1). Total fine root production over an
8-month period was significantly higher in Schizo-
lobium-based plantations (MON=3.8±0.2, MIX=3.4±
0.2, AFS=2.7±0.1 Mg ha−1) than in REG (1.1±
0.03 Mg ha−1). Six-yr old Schizolobium-based planta-
tions and ~25-yr old regrowth forests showed compa-
rable rates of litter + fine root production, suggesting
that young forest plantations may be an interesting
alternative to restore degraded areas due to early
reestablishment of organic matter cycling under the
studied conditions.
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Introduction

Litter and fine root production are major processes
involved in nutrient cycling (Vitousek and Sanford 1986;
Nadelhoffer and Raich 1992). Thus, changes to the
natural patterns of litter and fine root production may
have substantial impacts on ecosystem functioning. In
the Brazilian Amazon, forest conversion to cattle
pasture or agriculture have greatly modified the natural
patterns of litter and fine root production, usually
leading to land degradation (Luizão et al. 2006).

Forest regrowth after abandonment of cattle pasture
and slash-and-burn agriculture plays an important role
in reestablishing carbon and nutrient cycling through
litter and fine root dynamics (Nepstad et al. 2001;
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Davidson et al. 2007). In addition, forest regrowth
often represent an important source of income (woody
and nonwoody forest products) to local people (Brown
and Lugo 1990). Adequate management of forest
regrowth can represent an important alternative to
reduce pressure on old-growth forest sites and restore
degraded areas in the Amazon region.

Plantation forests and agroforestry systems have
been suggested as viable alternatives for restoring
degraded areas since they can provide forest products
(wood, firewood) as well as ecological benefits, such as
improved nutrient cycling, soil conservation, and
recovery of biodiversity (Lamb et al. 2005; Montagnini
et al. 2006). In the Brazilian Amazon, Schizolobium
parahyba var. amazonicum (Huber ex Ducke) Barneby
is one of the most important planted native tree species,
with wide use in the plywood industry. S. parahyba is a
large-size tree of the Leguminosae family (sub-family
Caesalpinacea) and naturally occurs in primary and
successional upland and high floodplain forest ecosys-
tems in the Brazilian Amazon (Ducke 1949).

Due to its fast growth and relatively tolerance to
low soil fertility, this species has been frequently
planted in degraded areas (Gazel Filho et al. 2007).
The relative simplicity of S. parahyba silviculture has
also made it attractive for use in commercial-scale
reforestation, as well as in agroforestry systems. The
area planted with S. parahyba increased from
79,159 ha in 2007 to 85,320 ha in 2009 in the
Brazilian Amazon (ABRAF 2010).

In spite of the rapid expansion of S. parahyba
plantation forests in the Brazilian Amazon over the
last few years, to our knowledge there are no reports of
above- and below-ground productivity in these forestry
systems. This information is necessary to understand
the mechanisms through which S. parahyba plantation
forests may contribute to restore degraded areas in
comparison to forest regrowth. Therefore, in this study
we compared litterfall and fine root production in S.
parahyba plantation forests and regrowth forest.

Materials and methods

Study area

This study was carried out in an experimental field
belonging to the Tramontina Belém S.A. company
(Tramontina Ranch), located in the municipality of

Aurora do Pará (2°10’S, 47°34’W), northeastern of the
State of Pará. The predominant soils of the study area
are sandy-clay Yellow Latosol (Brazilian Soil Taxono-
my) (Cordeiro 2007), corresponding to Oxisol in US
Soil Taxonomy. We selected three 6-yr old plantation
forest sites based on Schizolobium parahyba var.
amazonicum (hereafter called Schizolobium-based
plantations): a monospecific plantation (MON), a
mixture with Cordia goeldiana Huber (Boraginaceae)
(MIX), and an agroforestry system with C. goeldiana
and Ananas comosus var. erectifolius (Bromeliaceae)
(AFS). Within-row and between-row spacing were 4 m
and 3 m for tree species and 0.5 m and 0.8 m for A.
comosus. We also selected a ~25-yr old regrowth forest
ecosystem (REG) for comparison purposes.

Before the establishment of the forest plantations
in 2002, the area was covered with abandoned and
degraded pasture (mostly Brachiaria humidicola).
Cattle manure (500 g hole−1) and chicken coop straw
(150 g hole−1) were applied at planting. A. comosus
was planted in 2007 and its leaves were not harvested
during the study. In a plant survey carried out in
November 2007, 172 trees of 26 species were
identified in 4 30 m×30 m-plots in the regrowth
forest, where the most predominant species were
Casearia arborea, Tapirira guianensis, Abarema
cochleata and Lecythis lurida.

According to data obtained from a meteorological
station located about 2 km from the study area, total
rainfall was 2,200 mm, average annual temperature
was 26°C, and relative humidity was 74% in 2007.
During the experimental period, from October 2007 to
September 2008, total rainfall was 2,658 mm. Accu-
mulated rainfall from December 2007 to May 2008
was 82% of the annual rainfall; this period was
considered as the rainy season in the context of this
study. During the dry season (October to November
2007 and June to September 2008) 5 months had
monthly rainfall less than 100 mm, a limit which
characterizes the dry season in related studies in the
Amazon (Sombroek 2001).

We established four plots per forest type each
measuring 20 m×20 m for plantations and 30 m×
30 m for secondary forest. There is no true replication
because we could not find other forest stands with the
same age, management, and soil conditions. We
acknowledge that pseudo-replications can be a limi-
tation of our study, as in many other published studies
related to litter and fine root production.
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In September 2008, soil samples were collected
with a hand auger from each forest type at depths of
0–10 cm and 10–20 cm for chemical and physical
analyses (Table 1). One composite sample made up of
12 cores from each depth per forest type was analyzed
at the Soil Laboratory of Embrapa Amazonia Orien-
tal. Soil pH, total phosphorus, exchangeable potassi-
um, and exchangeable calcium levels (Table 1) were
lower compared with levels defined as adequate for
the State of Pará (Cravo et al. 2007).

Stem biomass

Diameter at breast height (Dbh) and height (H) of S.
parahyba and C. goeldiana trees (Table 1) were
measured in October 2008 for the plantation treat-
ments, except for the MIX treatment, when unfore-
seen cutting in September 2008 made measurements

impossible. In November 2007 we measured Dbh of
all trees with Dbh≥5 cm in the regrowth forest. We
used allometric equations (Table 1) based on Dbh to
estimate aboveground biomass for each treatment.

Litter production, stock, and turnover

Three litter traps each with a 1 m2 internal area were
installed in each plot. Weekly collections were carried
out from October 2007 to September 2008. Samples
for the Schizolobium-based plantations were separated
into fractions of (a) S. parahyba leaflets, (b) S.
parahyba rachis, (c) C. goeldiana leaves, (d) repro-
ductive material (flowers, fruits, seeds) + miscellanea
(fragments of unclassified litter in the remaining
fractions), (e) fine branches (diameter≤1 cm), and
(f) coarse branches (diameter>1 cm). During the
experimental period, we did not encounter any A.

Table 1 Stand (diameter at breast height—Dbh, height—H,
density and aboveground biomass) and soil characteristics in
the experimental plots evaluated in 6-yr old Schizolobium
parahyba var. amazonicum-based plantation forests (MON:

monospecific, MIX: mixture, AFS: agroforestry system) and in
25-yr old regrowth (REG) forest in eastern Amazon, Brazil.
Stand data are average ± standard error (n=4)

Parameter Forest type

MON MIX AFS REG

Vegetation

Dbh (cm) 16.55±0.46 (S. parahyba) 17.31±0.25 (S. parahyba) – 9.38±0.48
10.38±0.48 (C. goeldiana)

H (m) 16.80±2.38 (S. parahyba) 15.97±0.59 (S. parahyba) – –
10.02±0.86 (C. goeldiana)

Density (Individual ha−1) 878 (S. parahyba) 733 (S. parahyba) – 3583
222 (C. goeldiana)

Biomass (Mg ha−1) 55.3±3.5(1) 64.3±2.1(2) – 56.6±20.1(3)

Soil (0–20 cm depth)

pH 5.15 5.15 5.05 5.00

Organic matter (g kg−1) 10.1 13.1 14.3 11.5

Total P (mg dm−3) 2.5 3.0 3.5 1.5

Exchangeable K (mg dm−3) 16 17 18 22

Exchangeable Ca (cmolcdm
−3) 0.75 1.10 0.85 0.90

Sand (%) 90 88 84 84

Silt (%) 3 4 5 6

Clay (%) 7 8 11 10

Textural class Sandy Sandy Sandy Sandy

Bulk density (g cm−3) 1.49 1.47 1.49 1.45

(1) Allometric equation for Schizolobium parahyba: Biomass ¼ 0:076� Dbh2:346
� �

(Vasconcelos, personal communication)
(2) Allometric equation for Cordia goeldiana: Biomass ¼ Exp �1:754þ 2:665� ln Dbhð Þð Þ�0:6 (Higuchi et al. 1998)
(3) Allometric equation for regrowth forest ecosystem: ln Biomassð Þ¼ � 1:9968þ 2:4128� ln Dbhð Þ (Nelson et al. 1999)
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comosus leaf litterfall. In the regrowth forest, litter
was separated into fractions of (a) leaves, (b)
reproductive material + miscellanea, (c) fine branches,
and (d) coarse branches. After separation, samples
were oven-dried at 60–70°C for 72 h and weighed to
a precision of 0.01 g.

Litter stock was measured during the rainy (March)
and dry (August) seasons. In each season, five
randomly selected samples were collected per plot
using a 0.5 m×0.5 m metallic frame. In the laboratory,
soil particles were removed from the samples manu-
ally which were then separated into three fractions:
(1) S. parahyba leaflets, C. goeldiana leaves, under-
story leaves, flowers, fruits, miscellanea, and fine
branches; (2) S. parahyba rachis; and (3) coarse
branches, where the sum of (1) and (2) was equivalent
to non-woody litter. In the regrowth forest, litter stock
was separated into (1) leaves, flowers, fruit, miscel-
lanea, and fine branches, corresponding to the non-
woody litter; and (2) coarse branches. Samples were
dried and weighed in the same manner as was litter
production. There were two manual weedings using
hand hoes in the area where the AFS treatment plots
were established, one in January and the other in July
2008, both just a few weeks before litter collections.
Since weeding clearly disturbed litter layer, we could
not report litter stock data for the AFS treatment plots.

The litter turnover rate was estimated with an
equation proposed by Olson (1963): k = L/X, where k
is the turnover rate (yr−1), L is annual litter production
(g m−2 year−1), and X is ground litter stock (g m−2).
One limitation of this equation is the assumption of
steady state (litter inputs = litter losses) (Olson 1963),
which may not be valid for young forests.

Fine root production

We used the ingrowth core technique to estimate fine
root (diameter≤2 mm) production down to 10 cm soil
depth (Lima et al. 2010). The ingrowth bags were
filled with root-free dry soil. The average density of
the resulting soil in the growth bags was 0.76±0.01 g
cm−3, which was 54.3% less than the soil density (0–
10 cm) determined by the volumetric ring method
(Embrapa 1997) in the first semester of 2008, in the
same experimental plots of this study (1.4±0.01, 1.5±
0.00, 1.4±0.07 and 1.4±0.05 g cm−3 for MON, MIX,
AFS, and REG, respectively) (Dias 2008). Five
cylindrical bags (10 cm-high by 5.5 cm-diameter)

made of polyethylene (2 mm×3 mm mesh size) were
installed randomly in each plot, resulting in 20 bags
per forest type.

Five samples were removed every 2 months from
February to September 2008 and replaced with new
bags with rootless soil; replacement bags were
installed into the same holes. The root separation
procedure involved washing samples with running
water in two different sieves with 2 mm and 1 mm
mesh. Next, we used forceps to separate live
(biomass) and dead (necromass) fine roots based on
appearance, texture, color, and elasticity features
(Valverde-Barrantes et al. 2007). Live and dead roots
were oven-dried at 65°C for 48 h and weighed to a
precision of 0.0001 g.

The intra-annual temporal variability of total fine root
and litter production in each treatment was calculated
according to the equation Max�Minð Þ=Max½ � � 100,
where Max = maximum monthly production and Min =
minimum monthly production.

Statistical analysis

The 9.0 version of the SAS program was used for
statistical analysis (SAS 2004). The PROC MIXED
procedure was used to test the effects of treatment, date,
and the interaction between treatment and date on litter
production, litter stock, and fine root production, using
a repeated measures analysis of variance (Littell
et al. 1998). When necessary, data were natural log
transformed to meet normality and homocedasticity
requirements. Tables and figures show averages and
standard errors of the non-transformed data. The
CONTRAST procedure was used to test if litter
production was affected significantly by the dry and
rainy seasons. The PROC ANOVA procedure was
used to test the effect of treatments on litter stock
turnover rate (k) values. Treatment means were
compared using the Tukey test at a level of P<0.05.

Results

Litter production

Annual non-woody and reproductive + miscellanea
litterfall were significantly higher for the regrowth
forest (REG) than for Schizolobium-based plantations,
except for the AFS (Table 2). Leaf litterfall did not
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differ significantly among treatments. The regrowth
forest showed significantly higher fine branch litter-
fall than the treatments including Schizolobium
(Table 2).

S. parahyba leaflets represented between 69% and
76% of total annual litter production in treatments
MON, MIX, and AFS. The sequence of the most to the
least representative fractions was (a) leaflets >> rachis >
Cordia leaves > reproductive + miscellanea >> fine
branches for MIX and AFS, (b) leaflets >> rachis >
reproductive + miscellanea >> fine branches for MON,
and (c) leaves >> reproductive + miscellanea > fine
branches for REG (Table 2).

Litter production was significantly higher during
the dry season than in the rainy season for leaves (P=
0.0019) and non-woody (P<0.001) fractions. Schizo-
lobium-based plantations showed significantly higher
litterfall (leaves and non-woody) than the regrowth
forest only during the dry season (August 2008)
(Fig. 1).

The intra-annual temporal variability of non-
woody litter production in each treatment was greater
for MON (94.5%), MIX (93.4%), and AFS (91.9%)
than for REG (62.1%).

Litter stock and turnover

Mean annual non-woody litter stock was signifi-
cantly lower in regrowth forest (REG) than in

Schizolobium-based plantations (MON and MIX),
but there was no significant difference between
MON and MIX (Table 2). For the MON and REG
forests, non-woody litter stock was significantly higher
in the rainy season (MON=8.6±0.4, REG=5.6±
0.4 Mg ha−1) than in the dry season (MON=6.5±0.4,
REG=3.5±0.3 Mg ha−1). For the MIX treatment, there
was no significant difference in non-woody litter stock
between sampling dates (rainy season = 7.2±0.3, dry
season = 7.2±0.5 Mg ha−1). Rachis litter stock was
significantly greater in MON than in MIX for both
sampling dates.

The REG ecosystem showed significantly higher
non-woody litter stock turnover rates (P<0.001) than
the MON and MIX treatments (Table 2).

Fine root production

Total fine root production over the evaluation period
(8 months) was significantly higher (P<0.05) in
Schizolobium-based plantations (mean ± standard error,
MON=380.3±20.6 gm−2, MIX=343.0±18.4 gm−2,
AFS=265.5±9.9 gm−2) than in REG (107.2±
2.7 gm−2). The production of live roots varied between
98.1% and 99.4% of the measured total for the
Schizolobium-based treatments, while the regrowth
forest showed 96.6% of live roots.

Bi-monthly root production was significantly af-
fected by the interaction between treatment and

Fraction Litter production (Mg ha−1 year−1)

MON MIX AFS REG

Total leaves 5.61±0.15a 5.54±0.13a 6.12±0.13a 6.11±0.08a

S. parahybaleaflets 4.61±0.12ab 4.18±0.09b 4.84±0.10a –

S. parahybarachis 1.00±0.03a 0.78±0.03a 0.90±0.02a –

C.goeldianaleaves – 0.58±0.02a 0.38±0.01a –

Reproductive + miscellanea 0.27±0.01b 0.43±0.01b 0.44±0.01ab 1.55±0.02a

Fine branches 0.04±0.00c 0.11±0.00b 0.06±0.00bc 0.98±0.01a

Non-woody 5.92±0.15b 6.08±0.13b 6.63±0.13ab 8.64±0.08a

Fraction Litter stock (Mg ha−1)

MON MIX – REG

Non-woody 7.54±1.05a 7.20±0.02a – 4.52±1.03b

Rachis 2.35±0.05a 1.85±0.10b – –

Fraction Turnover rate (yr−1)

MON MIX – REG

Non-woody 0.79±0.02b 0.85±0.05b – 1.90±0.10a

Table 2 Litter production,
stock, and turnover rate of
6-yr Schizolobiumpara-
hyba-based plantations
(MON: monoespecific,
MIX: mixture, AFS: agro-
forestry system) and 25-yr
old regrowth forest (REG)
in eastern Amazonia (data
are average ± standard error,
n=12). Different superscript
letters indicate statistically
significant differences be-
tween treatments (P<0.05,
Tukey’s test). Non woody is
the sum of leaves, repro-
ductive + miscellanea, and
fine woody fractions. Litter
stock data are the average of
wet and dry season samples
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measurement interval for live and total roots. For
MON and MIX, fine root production decreased from
the first (rainy season) to the third measurement
(dry season) intervals, with no statistical difference
between the third and the last intervals. Live and total
fine root production showed the same trend in the
AFS forest. Root mortality was significantly affected
by treatment only, with higher mortality for MIX (5.4±
0.3 gm−2), AFS (5.1±0.3 gm−2), and REG (3.7±
0.4 gm−2) than for MON (2.3±0.2 gm−2).

Bi-monthly variation in total root production (live
and dead) in each treatment was most evident in
treatments MON (65%), MIX (61%), and AFS (46%)
when compared to the regrowth forest (35%). Total
and live fine root production in Schizolobium-based
plantation forests decreased during the rainy season,
with further reduction in the dry season (Fig. 2). The
sucessional forest had the lowest production of live
and live+dead fine root for the whole study period
(Fig. 2).

Fig. 1 Monthly rainfall and
litter production in 6-yr old
Schizolobium parahyba var.
amazonicum-based planta-
tions (MON: monospecific,
MIX: mixture, AFS: agro-
forestry system) and 25-yr
old regrowth forest (REG)
in eastern Amazon, Brazil.
Litter production data are
average ± standard error
(n=12)
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Discussion

Litter production, stock, and turnover

Annual non-woody litter production in the regrowth
forest ecosystem (REG) (8.64±0.08 Mg ha−1 year−1)
is towards the upper end of the range of variation (4.9
to 9.7 Mg ha−1 year−1) of litter production in tropical
regrowth forest ecosystems and close to that of
primary forest ecosystems (Cuevas and Medina
1986; Cuevas et al. 1991; Lugo 1992; Martius et al.
2004; Vasconcelos et al. 2004). Non-woody litter
production (5.92 to 6.63 Mg ha−1 year−1) in Schizo-
lobium-based plantations can be considered high in
comparison with forest plantations in the Amazon and
in other tropical regions (Lugo 1992; Smith et al.
1998; Barlow et al. 2007). In fact, large variation (3.1
to 14.3 Mg ha−1 year−1) is observed in mono and
multispecific forest plantations in the Amazon and
other tropical regions (Lugo 1992; Cuevas and Lugo
1998; Martius et al. 2004). These variations are likely
related to differences in species composition, stand
age, soil, and climate.

Litterfall seasonality observed in this study is
consistent with results commonly reported for forest

ecosystems in the Amazon and other tropical regions
(Barlow et al. 2007; Smith et al. 1998; Vasconcelos et
al. 2004; Chave et al. 2010), i.e., litterfall was higher
in the dry season than in the wet season. Litterfall
seasonality throughout year was lower for regrowth
forest than for Schizolobium-based plantations. High
leaf fall rates found in Schizolobium-based plantations
during the dry season probably reflect a strategy of
the dominant species (S. parahyba) to tolerate water
stress. Leaf fall reduces the evapotranspiration area,
therefore mitigating water stress (Borchert et al.
2002).

Factors such as climate, soil, species composition,
and plantation age, as well as the litter decomposition
rate of each species, control litter accumulation (Lugo
1992; Martius et al. 2004). Schizolobium-based
plantations showed higher litter stock than regrowth
forest, consistent with related studies in the tropics
(Cuevas et al. 1991; Lugo 1992; Smith et al. 1998;
Martius et al. 2004). Despite higher litterfall, regrowth
forest showed lower litter stock due to higher turnover
rates than Schizolobium-based plantations. Further
investigation is needed to clarify the factors that
control litter turnover rates in regrowth and Schizo-
lobium-based plantation forests. It is likely that

Fig. 2 Rainfall and accu-
mulated fine root production
of 6-yr Schizolobium para-
hyba-based plantations
(MON: monoespecific,
MIX: mixture, AFS: agro-
forestry system) and 25-yr
old regrowth forest (REG)
in eastern Amazon, Brazil.
Data are average ± standard
error (n=20)

Plant Soil (2011) 347:377–386 383



differences in canopy cover that affect microclimate in
these ecosystems may play an important role in
controlling litter decomposition.

Fine root production

We found higher fine root production in the planted
forests than in the regrowth forest, which is different to
related studies in the tropics (Cuevas et al. 1991; Smith
et al. 2002). The larger live root mass accumulated
during the study period in Schizolobium-based
plantations is consistent with likely high demand
for water and soil nutrients to cope with the high
growth rates of this species. With the same method-
ology used here, Lima et al. (2010) reported annual
fine root production of 0.86 Mg ha−1 year−1 for a
~20-yr old regrowth forest in eastern Amazon, which
is close to our estimate (1.07 Mg ha−1 year−1) for the
sucessional site.

We did not find a clear relationship between fine
root production and rainfall variation for both
Schizolobium-based plantations and regrowth forest.
During the measurement period total fine root
production in the Schizolobium-based plantations
decreased from 20% to 44% towards the second half
of the wet season, despite a minimal reduction in
rainfall (< 3%) over this period. Fine root production
further declined with the onset of the dry season,
when bi-monthly rainfall decreased 65%. Thus, the
observed decrease in fine root production could not
be readily associated with rainfall variation in this
study. Other factors such as tree phenology or
understory species may have affected fine root
production at our site. We noted that grasses—which
usually show high fine root productivity—dominated
the understory of the MON and MIX treatments
during the wet period; due to more frequent weeding

we did not observe much grasses in the agroforestry
system.

Fine root production in the regrowth forest did not
vary significantly through time despite great rainfall
variation during the experimental period. Other
studies have shown that fine root production may
vary with rainfall seasonality in the Brazilian Ama-
zon, but results do not agree with respect to patterns
of root responses to rainfall. Lima et al. (2010) found
greater fine root production in the dry season than in
the wet season in a regrowth forest in eastern
Amazonia. On the other hand, Metcalfe et al. (2008)
observed a reduction in fine root production during
transition from the rainy to the dry season in an
upland old-growth forest in the National Caxiuanã
Forest, Brazil.

Higher litter production and decomposition rates in
the regrowth forest may have resulted in increased
nutrient mineralization in relation to the Schizo-
lobium-based plantations. Thus the need to invest in
fine roots to increase nutrient uptake may have been
lower for the regrowth forest, which is consistent with
our observations of lower production of fine root for
this ecosystem over the course of the experiment.

Although plantation and regrowth forests had
different rates of annual production of litter and fine
roots, they showed comparable rates when we
summed annual litter and fine root production
(Table 3). These results show the importance of
belowground evaluation in comparative biomass
production studies.

Plantations showed greater seasonality of litter
and fine root production than regrowth forest,
consistent with previous studies in tropical forests
(Smith et al. 1998; Lugo 1992). These results may
have important implications to forest simplification
effects on global change feedbacks, especially if

Table 3 Organic matter input from litter and fine root
production in 6-yr old Schizolobium parahyba-based planta-
tions (MON: monoespecific, MIX: mixture, AFS: agroforestry

system) and 25-yr old regrowth (REG) forest in eastern
Amazonia (data are average ± standard error, n=4)

Forest type Total litter production Fine root production Total litter + fine root production
Mg ha−18 month−1

MON 4.22±0.46 3.80±0.21 8.02±0.41

MIX 4.15±0.41 3.43±0.18 7.58±0.31

AFS 4.57±0.52 2.66±0.10 7.22±0.45

REG 5.86±0.23 1.07±0.03 6.93±0.20
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greater inherent production seasonal variability ren-
ders forest plantation functional processes more
vulnerable to extreme climatic events.

We acknowledge that pseudo-replication is a
limitation of this study and as such our results should
be viewed with caution. Six-year old Schizolobium
parahyba plantations reestablished litterfall rates
close to those found in the 25-yr old regrowth forest.
Overall, plantations and regrowth forest showed
similar estimated above and belowground production.
Our results suggest that Schizolobium parahyba
plantation forests may be an interesting alternative to
forest regrowth to restore degraded areas due to their
high capacity to stock litter and produce superficial
fine roots.
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