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with distinct ages in Eastern Amazon
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Abstract

The objective of this work was to assess the fine-root (≤ 2 mm diameter) production dynamics of two forest regrowths at different
ages. Fine-root production was monitored by the ingrowth core method in one 18-year-old site (2 ha) and one 10-year-old
site (0.5 ha), both localized in the Apeú region, Northern Pará State, Brazil. The sites were abandoned after successive shifting
cultivation, beginning in 1940. Monthly production of live fine-root was similar between sites and was influenced by rainfall
seasonality, with higher production during the dry season than the wet season for mass and length. However, mortality in
terms of mass was higher in the 10-year-old site than in the 18-year-old site. The seasonality influenced mortality only in the
18-year old site following the pattern observed for live fine-root. The influence seasonal on mortality in terms of length was
different between sites, with higher mortality during the wet season in the 10-year-old site and higher mortality during the
dry season in the 18-year-old site. Specific root length was higher during the wet season and at the 10-year-old site. Fine-root
production was not influenced by the chronosequence of the sites studied, probably fine-root production may have already
stabilized in the sites or it depended more on climate and soil conditions. The production of fine-roots mass and length were
indicators that generally showed the same pattern.
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Produção de raízes finas em dois sítios de floresta secundária com
diferentes idades na Amazônia Oriental
Resumo

O objetivo deste trabalho foi avaliar a dinâmica de produção de raízes finas (diâmetro ≤ 2 mm) em duas áreas de floresta
secundária com diferentes idades. A produção de raízes finas foi monitorada utilizando a técnica de ingrowth core em um sítio
com 18 anos de idade (2 ha) e um outro sítio com 10 anos de idade (0,5 ha), localizados na região de Apeú, nordeste do Estado
do Pará. Os sítios foram abandonados depois de sucessivos ciclos agrícolas, iniciados em 1940. A produção mensal de raízes
vivas foi semelhante entre os sítios e influenciada pela sazonalidade pluviométrica, com maior produção durante a estação seca
para massa e comprimento. No entanto, a mortalidade, em termos de massa, foi maior no sítio de 10 anos. A sazonalidade
influenciou a mortalidade somente no sítio de 18 anos, seguindo o padrão observado para as raízes vivas. A influência sazonal
sobre a mortalidade em termos de comprimento foi diferente entre os sítios, com maior mortalidade durante a estação chuvosa
no sítio de 10 anos e maior mortalidade durante a estação seca no sítio de 18 anos. O comprimento radicular específico foi
maior durante a estação chuvosa e influenciado pelos sítios, sendo maior no sítio de 10 anos. A produção de raízes finas não foi
influenciada pela cronossequência dos sítios estudados, provavelmente porque a produção de raízes finas pode ter estabilizado
nos sítios ou depende mais das condições de clima e solo. A produção, em termos de massa e comprimento, foram indicadores
que geralmente mostraram o mesmo padrão.
Palavras-Chave: biomassa, floresta tropical, sazonalidade, seca, sucessão
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Fine-root production in two secondary forest
sites with distinct ages in Eastern Amazon

Introduction

Materials and Methods

In tropical secondary forests of the Amazon, studies have
concentrated on describing patterns of succession (Tucker
et al. 1998; Lu et al. 2003; Smith et al. 2003; Vieira et al.
2003; Araújo et al. 2005), natural regeneration (Vieira
and Hosokawa 1989; Lima Filho et al. 2002), floristic and
structural composition (Steininger 2000; Coelho et al. 2003;
Lima et al. 2007; Rodrigues et al. 2007a) and plant biomass
accumulation above ground (Nelson et al. 1999; Steininger
2000; Feldpausch et al. 2004; Lima et al. 2007; Rodrigues
et al. 2007b). Most published studies on secondary forest
development in the Amazon have been carried out starting
from successional chronosequences represented by a series
of sites of different ages, but with similar edaphoclimatic
characteristics and soil-use history (Araújo et al. 2005).
Tropical secondary forests usually have rapid rates of
above-ground production, especially during the initial stages
of succession (Hughes et al. 1999). Above ground carbon
accumulation is rapid in these forests but below-ground
gains represent the compartment with largest potential for
continuous carbon accumulation (Feldpausch et al. 2004).

Study area

Fine root dynamics contribute significantly to the
biogeochemical cycling in forest ecosystems, including the
production and emission of greenhouse gases (Silver et al.
2005), and in addition the fine roots tend to be more dynamic
than coarse roots because fine roots have a higher growth rate
(Eissenstat et al. 2000). In spite of the importance of fine roots
in face of global changes, few studies have been carried out on
this compartment of vegetation compared to the components
above ground, which may be due to the difficulty of measuring
fine-root production. According to Jordan and Escalante
(1980) and Norby et al. (2004) fine-root production is one of
the parameters that is most difficult to measure, which limits
the capacity to predict the effects of environmental change
on root dynamics (Eissenstat et al. 2000).
Several environmental factors affect fine root production
(Hendrick and Pregitzer 1996; Silver et al. 2005), such as
seasonality (Cavelier et al. 1999; Yavitt and Wright 2001;
Lima et al. 2010), soil nutrients (Maycock and Congdon 2000;
Stewart 2000; Blair and Perfecto 2001) soil temperature and
moisture (McGroddy and Silver 2000; Metcalfe et al. 2008).
Floristic composition (Visalakshi 1994), forest successional
stage and soil-use history (Castellanos et al. 2001; Cavelier
et al. 1996; Jaramillo et al. 2003) have also been reported as
sources of variation for fine-root production.The objective of
this study was to assess the fine root production dynamics in
two tropical forest regrowth sites with distinct ages.
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The experiment was carried out in forest regrowth, located
in the Experimental Station of the Federal Rural University
of the Amazon (1º17’53’’ S, 47º56’56’’ W), of Apeú region,
Northern Pará State, Brazil. The regional landscape consists of
a mosaic of secondary forests at different successional stages,
surrounded by highways, plantations, and cattle pastures
(Vieira et al. 2007). Approximately 50% of this region was
covered by secondary forest at different successional stages at
the start of the past century and 22% were less than 6 years
old (Vieira et al. 2003).
In the present study, two sites of different ages were
selected in 2005: one 10-year-old site (FS10) with an area
of approximately 0.5 ha and an 18-year-old site (FS18) with
an area of approximately 2 ha. The sites were abandoned
after multiple cycles of shifting cultivation, beginning in the
1940s; each cycle included 1-2 years of Zea mays L. (corn),
Manihot esculenta Crantz (cassava) and Vigna unguiculata
(L.) Walp (cowpea) cultivation followed by fallow (G. Silva e
Souza & O.L. Oliveira pers. comm.). The 10-year-old site was
abandoned in 1995 and is surrounded by forests of different
successional stages and the 18-year-old site was abandoned
in 1987 and is adjacent to a riparian forest on one side
and secondary forest on the other sides. The two sites were
separated by a 7-m-wide road (Araújo et al. 2005).
The relief is gently rolling. The soils are classified as
Dystrophic Yellow Latosol Stony Phase I (Concrecionary,
Lateritic), corresponding to Sombriustox in U.S. Soil
Taxonomy. The soils are well-drained with a low natural
fertility and slight laminar erosion (Tenório et al. 1999). The
climate, according to the Köppen classification, is the Am3
type. Mean annual temperature ranges from 24.7 ºC to 27.3
ºC and mean annual relative air humidity ranges from 78%
to 90% (Martorano and Pereira 1993). From 2005 to 2007
mean annual rainfall was 2842 mm and approximately 80%
of the rainfall occurred between January and July. During the
dry season (August-December), the mean monthly rainfall was
approximately 123 mm, whereas in the wet season (January
to July), mean monthly rainfall was approximately 318 mm
(Figure 1). To define the dry and wet seasons was used rainfall
and soil water potential data (Vasconcelos et al. 2004).
In 2005 mean stem density for trees with diameter at
breast height (dbh) ≥ 1cm in the 10-year-old site was 2.8
± 1.9 (SE) individuals m-2 and mean basal area was 8.1 ±
1.5 m2 ha-1. In the same site the five most abundant plant
species (dbh ≥ 1 cm) were Lacistema pubescens Mart., Vismia
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Figure 1 - Accumulated rainfall according to sampling intervals between
January 2005 and July 2007 in the Experimental Station of the Federal Rural
University of the Amazonia, in the northeast of the state of Pará, Brazil. Gray
and white horizontal bars indicate dry and wet seasons, respectively.

guianensis (Aubl.) Choisy, Myrcia sylvatica (G. Mey.) DC.,
Banara guianensis Aubl. and Rollinia exsucca (DC. ex Dunal)
A. DC. In the 18-year-old site, mean stem density was 1.5 ±
2.0 individuals m-2 and the basal area was 28.4 ± 9.2 m2 ha-1.
The five most abundant species (dbh ≥ 1 cm) were Lacistema
pubescens Mart., Myrcia sylvatica (G. Mey.) DC., Cupania
scrobiculata Rich., Lacistema aggregatum Berg Rusby and Inga
rubiginosa (Rich.) DC.

Measuring fine-root production
Four 20 m x 20 m plots were set up randomly in each
site. Because we sampled two sites only, it makes difficult
to generalized our findings to other second regrowths areas
of the same situation. Fine root growth was assessed by the
ingrowth core method (Cuevas and Medina 1988; Kavanagh
and Kellman 1992; Makkonen and Helmisaari 1999), which
is indicated to compare root growth in different environments
(Vogt et al. 1998; Makkonen and Helmisaari 1999). Root
ingrowth cores were cylindrical bags (height = 10 cm and
diameter = 5 cm) of high-density polyethylene, 2-mm mesh
size, filled with root-free superficial soil (0 - 10 cm), excluding
the litter, collected from an area adjacent to the experimental
site, previously air-dried, and sieved under a 2-mm mesh.
Roots were removed through sieving and picking with forceps.
In July 2005, five cores were randomly buried in each
plot at a depth of 0 to 10 cm and retrieved two months later,
when they were replaced by another set of five cores with
new root-free superficial soil. Root core replacement was
carried out until July 2007, resulting in 12 sampling dates,
five cores per plot.
Samples were transported in refrigerated polystyrene
containers to the Federal Rural University of Amazonia at

97

vol. 42(1) 2012: 95 - 104



Belém, about 60 km from the experimental site. Collected
samples were kept under refrigeration (4 ºC) for a maximum
period of 3 months for conserve the characteristics
morphological and structural until processed at laboratory.
Samples were soaked in plastic trays containing tap water
for separation of live and dead fine roots ( ≤ 2 mm) based on
characteristics of elasticity and color; live roots usually were
light-colored and elastic, while dead roots usually were darkcolored and brittle (Gower 1987; Kavanagh and Kellman
1992; Makkonen and Helmisaari 1999; McClaugherty et al.
1982; Yavitt and Wright 2001). Live and dead roots were
stored separately at 4 ºC in plastic flasks with a solution of
commercial alcohol at 50% for 4 months at most. Roots were
stained with a solution of gentian violet (200 ml tap water +
10 drops of gentian violet) for 24 h, put on an acetate sheet so
that root overlapping was avoided, and scanned with an HP
Scanjet 4670 (600 dpi). Total length of scanned images was
calculated with the SIARCS 3.0 (Sistema Integrado de Análise
de Raízes e Cobertura do Solo – Integrated Analysis System
of Roots and Soil Cover) software developed by the Brazilian
Enterprise for Agricultural Research – Embrapa (Jorge 1996;
Jorge and Crestana 1996). After the image capture process,
roots were dried at 75 ºC for 24 h and weighed to the nearest
0.0001 g.
Fine root production in the surface 10 cm soil layer was
expressed in terms of mass (g m-2 month-1) and length (m m-2
month-1) by dividing weight and length by the area of the
ingrowth core base, respectively, and by measurement interval
(Lima et al. 2010). We averaged the five samples per plot,
resulting in n = 4 for each site and sampling date. Specific root
length (SRL) (Jackson et al. 1997; Metcalfe et al. 2008) was
calculated by dividing live root length by live root biomass
and represented an index of fine root morphology.

Statistical analysis
The effects of sites, collection period and site-by-collection
period interaction on fine-root mass and length were analyzed
using a repeated measures analysis of variance. Multiple
comparison of means was performed with Tukey’s test at 5%.
When necessary, we performed ln transformations to meet the
model assumptions of normality, based on the criteria of P >
0.05 in the Shapiro-Wilk test. Means and standard errors were
calculated on the basis of untransformed data. The analyses
were performed with the SYSTAT 11.0 statistical program.

RESULTS
Fine-root mass
Annual mass production of live fine roots was not
significantly affected by site, collection period and sitecollection period interaction (Table 1), whereas mass growth
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of dead fine roots was significantly higher in the 10-year-old
site (2.24 ± 1.24 g m-² y-¹) than in the 18-year-old site (1.67
± 0.38 g m-² y-¹).
Monthly production of live fine-root mass was not
significantly different (Table 1) between the sites (FS10 =
14.73 ± 1.15 g m-² mo-¹; FS18 = 14.34 ± 1.83 g m-² mo-¹).
However, the monthly production of live fine-root mass was
seasonal (Figure 2a) and significantly (P < 0.0001) higher in
the dry season than in the wet season for both sites (FS10:
dry season = 17.52 ± 1.27 g m-² mo-¹, wet season = 11.94
± 1.06 g m-² mo-¹; FS18: dry season = 17.92 ± 2.93 g m-²
mo-¹, wet season = 10.76 ± 1.05 g m-² mo-¹).
Monthly dead fine-root mass production was significantly
higher (Table 1) for the 10-year-old site (0.37 ± 0.08 g m-²
mo-¹) than in the 18-year-old site (0.28 ± 0.06 g m-² mo-¹).
Seasonality of root mortality occurred only in the 18-year-old
site (P < 0.05) with higher mortality in the dry season than
in the wet season (dry season = 0.38 ± 0.09 g m-² mo-¹, wet
season = 0.18 ± 0.07 g m-² mo-¹; Figure 2b).

Fine-root length
Annual length production of live fine-root was significantly
affected by collection period only (Table 1), with significantly
(P < 0.0001) higher production in the second year interval
(FS10 = 5470.4 ± 131.92 m m-² y-¹; FS18 = 4860.0 ± 171.09
m m-² y-¹) than in the first year interval (FS10 = 4392.2 ±
56.08 m m-² y-¹; FS18 = 3367.2 ± 93.94 m m-² y-¹) for
both the sites. Mortality was significantly higher (Table 1)
in the 10-year-old site (79.63 ± 40.85 m m-² y-¹) than in the
18-year-old site (68.00 ± 23.07 m m-² y-¹).
There was no significant difference in the monthly
production of live and dead fine-root length between the
two sites (Table 1). There was an effect only of collection

Figure 2 - Production of live (a) and dead (b) fine root mass in 10-yearold (FS10) and 18-year-old (FS18) sites from July 2005 to July 2007 in a
secondary forest in the Eastern Amazonia. Results are mean ± standard error
(n = 4). Gray and white horizontal bars mark dry and wet seasons, respectively.

Table 1 - F statistics and associated significance levels for the effect of sites
(10-year-old and 18-year-old), collection period (dry and wet seasons) and
their interaction on fine root production in the surface 10 cm soil layer in a
tropical regrowth forest stand in eastern Amazoniaa
Variable

Site

Monthly live root mass
0.09ns
Monthly dead root mass
9.87*
Monthly live root length
1.28ns
Monthly dead root length 1.25ns
Monthly SRL
9.68*
Annual live root mass
0.001ns
Annual dead root mass
8.63*
Annual live root length
0.83ns
Annual dead root length 18.39**

Collection
Period
4.38***
5.63***
6.39***
7.32***
3.03**
0.09ns
1.5ns
6.61*
0.45ns

Site x Collection
Period
0.86ns
1.19ns
0.55ns
3.87ns
1.24ns
0.93ns
3.47ns
0.17ns
1.05ns

a
The level of significance is indicated *: P < 0.05, **: P < 0.01, ***: P < 0.001, ns:
not significant.
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Figure 3 - Production of live (a) and dead (b) fine root length in 10-yearold (FS10) and 18-year-old (FS18) sites from July 2005 to July 2007 in a
secondary forest in the Eastern Amazonia. Results are mean ± standard error
(n = 4). Gray and white horizontal bars mark dry and wet seasons, respectively.
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period for monthly production of live fine-root length; the
seasonal effect can be observed in the Figure 3a with higher
production in the dry season (FS10 = 946.03 ± 119.03 m m-²
mo-¹; FS18 = 833.28 ± 174.53 m m-² mo-¹) than in the wet
season (FS10 = 697.75 ± 58.68 m m-² mo-¹; FS18 = 537.93
± 71.43 m m-² mo-¹).
For production of dead fine-root length there was a
significant effect collection period (Table 1). Production of
dead fine-root length was significantly higher in the dry season
than in the wet season at the 18-y-old site (dry season = 14.55
± 3.11 m m-² mo-¹, wet season = 8.12 ± 2.42 m m-² mo-¹;
Figure 3b). During dry season the 10-year-old site showed
slightly, but significantly lower mortality than during the wet
season (dry season = 11.92 ± 3.17 m m-² mo-¹, wet season =
14.63 ± 4.81 m m-² mo-¹; Figure 3b).

Fine-root morphology
The SRL was significantly different between sites (Table 1)
and was greater at the 10-year-old site than at the 18-year-old
site (FS10 = 65.36 ± 3.88 m g-¹; FS18 = 52.74 ± 3.74 m g-¹;
Figure 4). At the 18-year-old site the SRL was highly seasonal
(Table 1), being higher in the wet season than in the dry season
(FS18: dry season = 47.88 ± 3.64 m g-¹, wet season = 57.60 ±
5.96 m g-¹). At the 10-year-old site the SRL was slightly, but
significantly, lower in the dry season than in the wet season
(FS10: dry season = 64.57 ± 7.13 m g-¹, wet season = 66.74
± 3.91 m g-¹; Figure 4).

Figure 4 - Specific length of live fine root in 10-year-old (FS10) and 18-yearold (FS18) sites from July 2005 to July 2007 in a secondary forest in the
Eastern Amazonia. Results are mean ± standard error (n = 4). Gray and
white horizontal bars mark dry and wet seasons, respectively.

Discussion
The annual production values of fine-root biomass in this
study were lower than those reported in other studies using
the ingrowth core method in tropical forests (Table 2). The
annual fine-root biomass production at the FS10 and FS18
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sites was comparable to the production in one of the clearings
(126 m²) reported by Sanford (1990); therefore, the biomass
production values reported in this study for the FS10 and
FS18 may be in line with the reality of the succesional stages
of these sites.
The similarity detected between the two study sites
concerning live and dead fine root production may have
been related to the floristic similarities between the sites and
the soil use history, as reported by Coelho et al. (2003) and
Araújo et al. (2005). Furthermore, the two sites were only 7
m apart and therefore subject to the same climatic variation
and soil type. According to Cairns et al. (1997) and Vogt et
al. (1996) the pattern of root biomass allocation in a forest
ecosystem depends mainly on soil and climate characteristics.
Similarity of fine root biomass between forests of different
ages has been reported previously for other tropical regions.
Cavelier et al. (1996) found no difference in root biomass
between 10- and 20-year-old secondary forests in Colombia.
In a tropical forest in Mexico, Jaramillo et al. (2003) observed
a lower root biomass in young secondary forests compared to
the primary forest, but the authors did not find any significant
difference between root biomass of two 8- and 20-year-old
secondary forests.
Live fine-root production in terms of mass and length
was markedly seasonal and was greater in the early dry than
in the wet season. Variation in root production associated
with rainfall seasonality was also observed in other studies
in tropical forests (Kavanagh and Kellman 1992; Visalakshi
1994; Sundarapandian and Swamy 1996; Cavelier et al. 1999;
Metcalfe et al. 2008; Lima et al. 2010), but there was greater
fine-root production in the wet compared to the dry season
in these studies.
The seasonal pattern of production and root length may
be related to changes in organic matter accumulation (Cuevas
and Medina 1988; Aerts et al. 1992; Sundarapandian and
Swany 1996), nutrient concentration in the soil (Maycock and
Congdon 2000; Pregitzer et al. 2000; Stewart 2000; Blair and
Perfecto 2001), soil moisture (Hook et al. 1994; Visalakshi
1994; Makkonen and Helmisaari 1999) and microbial activity
(Zangaro et al. 2007).
Higher litterfall rates occurred during the dry season for
the 18-y-old site (Vasconcelos et al. 2008), coinciding with the
greater fine-root production. According to Sundarapandian
and Swamy (1996), fine-root production can increase
significantly with litter accumulation.
At the 18-year-old site, the soil microbial biomass
mineralized more nitrogen during the wet than during the
dry season (Rangel Vasconcelos et al. 2005). Thus fine-root
production may be limited in the wet season due to high soil
nitrogen concentrations (Valverde-Barrantes et al. 2007).
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The existence of negative correlation between nitrogen
concentration and fine-root biomass has been reported for
other sites in mature tropical forests (Gower and Vitousek
1989; Maycock and Congdon 2000). Less information
is available for the 10-year-old site that limited detailed
comparisons.
The greater root length during the dry season may have
been related to the need for the plants to acquire water

and nutrients. Soil water availability is probably the most
important factor that accounts for changes in fine-root
production strategies (Dowdy et al. 1995; Kätterer et al.
1995). According to Joslin et al. (2000), some species respond
to drought by increasing root length, resulting in increased
root:shoot ratio. This strategy may explain the live fine-root
production peaks detected in the dry months in the present
study.

Table 2 - Fine root production in tropical forestsa
Location

Diameter
class
(mm)

Methodology

Sampling
depth
(cm)

Fine root
production
(g m-2 year-1)

Source

Amazonian Tropical Forest

San Carlos, Venezuela

≤2

Ingrowth core

10

806

Cuevas and Medina (1988)

Amazonian Tropical Forest
(sandy soil)
Amazonian Tropical Forest
(clay soil)
Amazonian Tropical Forest
(dry plot)
Amazonian Tropical Forest
(fertile plot)

Floresta Nacional de Caxiuanã,
Pará, Brazil
Floresta Nacional de Caxiuanã,
Pará, Brazil
Floresta Nacional de Caxiuanã,
Pará, Brazil
Floresta Nacional de Caxiuanã,
Pará, Brazil

≤2

Ingrowth core

30

400

Metcalfe et al. (2008)

≤2

Ingrowth core

30

400

Metcalfe et al. (2008)

≤2

Ingrowth core

30

300

Metcalfe et al. (2008)

≤2

Ingrowth core

30

700

Metcalfe et al. (2008)

Amazonian Tropical Forest

San Carlos, Venezuela

<2

Ingrowth core

10

129.2

Sanford Junior (1990)

San Carlos, Venezuela

<2

Ingrowth core

10

166.5

Sanford Junior (1990)

San Carlos, Venezuela

<2

Ingrowth core

10

95.7

Sanford Junior (1990)

San Carlos, Venezuela

<2

Ingrowth core

10

112.6

Sanford Junior (1990)

≤2

Sequential core

10

201.5

Silver et al. (2005)

≤2

Sequential core

10

180.5

Silver et al. (2005)

Castanhal, Pará, Brazil

≤2

Ingrowth core

10

90.6b

Present study

Castanhal, Pará, Brazil

≤2

Ingrowth core

10

87.7b

Present study

Castanhal, Pará, Brazil

≤2

Ingrowth core

10

94.9b

Lima et al. (2010)

Castanhal, Pará, Brazil

≤2

Ingrowth core

10

52.3b

Lima et al. (2010)

Deciduous tropical forest

Kodayar, South India

≤2

Ingrowth pit

25

262.1

Semi-evergreen forest

Kodayar, South India

≤2

Ingrowth pit

25

185.9

Barro Colorado Island, Panamá

<2

Ingrowth core

25

352

Cavelier et al. (1999)

Barro Colorado Island, Panamá

<2

Ingrowth core

25

432

Cavelier et al. (1999)

LaHuerta, Jalisco, Mexico

≤1

Sequential core

10

180.5

Castellanos et al. (2001)

Tropical dry evergreen forest

Marakkanam, Coromandel, India

≤2

Ingrowth pit

10

103.6

Visalakshi (1994)

Tropical dry evergreen forest

Puthupet, Sacred Grove,
Coromandel, India

≤2

Ingrowth pit

10

117.1

Visalakshi (1994)

Forest type

Amazonian Tropical Forest
(gap = 85 m²)
Amazonian Tropical Forest
(gap = 126 m²)
Amazonian Tropical Forest
(gap = 164 m²)
Amazonian Tropical Forest
(sandy soil)
Amazonian Tropical Forest
(clay soil)
Eastern Amazonian forest
regrowth (10 years old)
Eastern Amazonian forest
regrowth (18 years old)
Eastern Amazonian forest
regrowth (irrigated plots)
Eastern Amazonian forest
regrowth (litter removal plots)

Floresta Nacional do Tapajós,
Pará, Brazil
Floresta Nacional do Tapajós,
Pará, Brazil

Semi-deciduous Tropical
forest (irrigated plots)
Semi-deciduous Tropical
forest (control plots)
Tropical dry forest

a
b

Table adapted from Lima (2008).
Production was calculated by adding the live and dead fine roots production.
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Rainfall seasonality also influenced root mortality, that
was greater in the dry than in the wet season at the two sites
studied. This growth pattern was also reported by other
authors for tropical forests (Sundarapandian and Swamy 1996;
Silver et al. 2005). Greater fine-root mortality in the dry period
may be associated with the reduction in available water in the
soil (Eissenstat et al. 2000; Green et al. 2005). Furthermore,
because nutrient availability in the soil is lower during the dry
season than in the wet season (Rangel Vasconcelos et al. 2005),
the plants must invest more in young fine-root production,
whose nutrient absorption capacity is greater than the older
roots (Blair and Perfecto 2001).
The lower dead fine-root production at the 18-year-old
site was probably due to the wetter microclimate promoted
by the greater quantity of litter as suggested by Visalakshi
(1994). Between the sites studied (FS10 and FS18), Rangel
Vasconcelos et al. (2005) showed a greater quantity of organic
matter in the soil at the older site.
The SRL values reported in this study for the two sites
were greater than those detected by Jackson et al. (1997) in
forest ecosystems (12.2 m g-1) and those found by Metcalfe et
al. (2008) in the Amazon tropical forest in sandy (10 m g-1)
and clay (9 m g-1) soils. The greater SRL during the dry season
supports the hypothesis presented by Metcalfe et al. (2008)
that the plants respond to drought by increasing SRL. This
strategy is an advantage for plants that increase their water
and nutrient absorption potential. Differences between sites
may be a reflection of the quantity of organic matter in the
soil, since it was greater in the 18-year-old site preserved and
probably the soil moisture better during the dry season. Data
for SRL that give an idea of root morphology are needed to
determine how root systems vary among ecosystems and
respond to environmental changes (Metcalfe et al. 2008).
In summary, fine-root production in this study was
probably limited by water availability in the soil associated
with the rainfall season. Fine-root production was not
influenced by the chronosequence of the sites studied, which
suggests that fine-root production may have already stabilized
in the sites or fine root production depended more on climate
and soil conditions. Production of mass and length of live fineroots showed in general the same variation pattern. Taking
into consideration the difficulties of measuring fine-root
production (Jordan and Escalante 1980; Norby et al. 2004),
especially using length measurements, mass may be preferred
as an indicator of fine-root-production.
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