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Description of the soil and root biomass of two subtropical mangroves
in Antonina and Guaratuba Bay, Parana State, Brazil
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ABSTRACT - (Description of the soil and root biomass of two subtropical mangroves in Antonina and Guaratuba Bay, Parana
State, Brazil). The soil of the mangroves influences the root anchorage and the nutrition processes of the plant community.
This study evaluated the relationships among edaphic conditions, volume and biomass of roots, and tree structure of two
mangroves in Parana State. Five soil cores of 50 cm depth were collected from each mangrove for physicochemical analysis.
Organosoil thiomorphic salic sodic predominated in Antonina Bay, while in Guaratuba Bay were observed the Gleysoil
thiomorphic salic sodic and the Organosoil thiomorphic salic sodic. Fifteen root samples were collected from each mangrove
area for root volume and dry mass analysis’?’. The higher values of root mass were found in Guaratuba Bay. The chemical
analysis of the soil showed no correlation between biomass and root volume. The high coefficients of variation attested the
high heterogeneity in the root distribution in both areas. However, in the Guaratuba Bay, root mass and volume are higher
due to the textural composition of the soil and higher tree density.

Keywords: gleisoil, organosoil, root dry mass, root volume

RESUMO - (Descrigao do solo e biomassa radicular de dois manguezais subtropicais nas Baias de Antonina e Guaratuba, PR,
Brasil). O solo do manguezal influencia a fixagdo e o processo nutricional da comunidade das plantas. Este estudo avaliou
as relagdes entre as condi¢des edaficas, volume e biomassa radicular e a estrutura de dois manguezais no estado do Parana.
Foram coletadas quinze amostras de solo até a profundidade de 50 cm em cada um dos manguezais. Na Baia de Antonina
predominou o Organosolo Tiomorfico salico sodico, enquanto na Baia de Guaratuba foram encontrados Gleisolo Tiomorfico
salico sddico e Organosolo Tiomorfico salico sddico. Foram coletadas quinze amostras de raizes para determinar o volume e
massa seca, em cada manguezal. Valores mais altos de biomassa radicular foram encontrados na Baia de Guaratuba. A analise
quimica do solo ndo apresentou correlagdo com a biomassa e o volume radicular. Os altos coeficientes de variacdo atestam
a elevada heterogeneidade na distribuicdo das raizes em ambas as areas. No entanto, na Baia de Guaratuba foi constatada
uma biomassa ¢ volume maior de raizes devido a composigao textural do solo e a maior densidade arbdrea nesta area.
Palavras-chave: gleissolo, massa radicial, organossolo, volume de raizes

Introduction processes, while mangrove architecture is the result
of the interaction between the species that live there

Mangroves are renowned for their biomass and the environmental forces that influence the system

production, being one of the most productive (Sessegolo 1997). The development of mangroves is
ecosystems in the world (Tomlinson 1986). They are associated with climatic, hydrologic and geomorphologic
characterized by periodic inundations with seawater, conditions, and tropical temperatures, tide amplitudes,
variation in salinity, low levels of oxygen and muddy presence of fresh water, and protected coastal areas
soils, and are important transformers of nutrients in are the basic prerequisites for the establishment and
organic matter and food (Menezes 2000). maintenance of mangrove ecosystems (Ferreira 2002).

Mangrove ecological characteristics are Mangrove soils make a large contribution to the
determined by geomorphology and landscape aquatic ecosystem because they are home to a great
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diversity of organisms. These soils are important for
particle transport, the accumulation of nutrients and
organic compounds and as a source of food for many
organisms from varied trophic levels (Silverio 2003).
Mangrove soils are classified as halomorphics, which
are developed from sea- and freshwater sediments
and have high organic matter content. These soils
include Gley and Organosoils (Embrapa 1978) and
are predominately comprised of fine particles, such
as silt and clay, high levels of organic matter and
soluble salts due the presence of seawater (Cintron &
Schaffer-Novelli 1983). The structural and chemical
compositions of the soil are important factors in
determining the density and abundance of mangrove
tree species (Madi et al. 2016).

Four genera of tree species are present in Brazilian
mangroves: Rhizophora (Rhizophoraceae), Avicennia
(Avicenniaceae), Laguncularia and Conocarpus
(Combretaceae). These tree species are adapted
to colonize and develop in unconsolidated soil
and perform the main function of nutrient cycling
since they are the primary source of organic matter
(Amarasinghe & Balasubramannian 1992).

Generally, mangrove ecosystems have a large
stock of roots with high root biomass, which provides
a large amount of organic matter due to the slow
decomposition in the anoxic conditions and periodic
flooding of the soil (Komiyama et al. 2008). Among
the root systems of mangroves, fine roots (roots
< 2mm of diameter; Rosado ef al. 2011) play an
important function in nutrient cycling because they
make a great contribution to the dynamics of below-
ground phytomass. Fine roots are directly related
to soil respiration, mycorrhiza activities and water
and nutrient absorption, especially phosphorous
(Kummerow et al. 1990).

Investigations into total root biomass in mangroves
estimate that they comprise 11.7 to 306.2 t ha'!, while
fine roots comprise 6.1 to 9.1 t ha!. The ratio of aerial
parts to root parts in several mangroves was found to
vary from 1.1 to 4.4, indicating that a larger amount
of biomass is allocated to below ground (Komiyama
et al. 2008).

Previous studies of mangrove structure in two
areas on the coast of the state of Parana, Brazil, found
differences in tree composition (Madi et al. 2016). The
density of Avicennia schaueriana and the density and
dominance of Laguncularia racemosa and Rhizophora
mangle were the main features that distinguished the
tree structure of these two mangroves. Furthermore,
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these differences were found related to the higher
salinity of Guaratuba Bay and the higher organic matter
content of Antonina Bay (Madi et al. 2016). Based on
this information, this study evaluated the relationship
between edaphic conditions and root biomass in the both
mangrove areas to contribute with better understanding
of relationships between soil and vegetation.

Material and methods

This study was performed in two mangrove areas
on the coast of the State of Parana: one located in the
estuary of the Rio Nhundiaquara in Antonina Bay; and
the other located on the estuary of the Rio Pinheiros in
Guaratuba Bay (figure 1). The geographic coordinates
and climatic features of the two study areas are
presented in table 1. Table 2 shows the geographic
coordinates of the sample points.

Soil analysis. Fifteen soil samples were collected
to 50 cm deep with a “Napoleon”-type auger. Each
soil sample was divided into five sub-samples based
on depth (0 to 10, 10 to 20, 20 to 30, 30 to 40 and
40 to 50 cm), air dried and then sifted to obtain
the air-dried soil fraction TFSA (¢ < 2mm). The
fractions were subsequently analyzed for pH CaCl,;
pH SMP; phosphorous (P), calcium (Ca), magnesium
(Mg), potassium (K) and Sodium (Na); extractable
aluminum and sulfuric acid (H,SO, 1:1), according
to “Manual de Analise do Solo” (EMBRAPA, 1997).
Due to the soil prossessing method, the very high
organic matter content had to be eliminated and in
this sense, physical analysis was preceded by peroxide
30 vol. treatment. ICP-OES (inductively coupled

Atlantic Ocean

Figura 1. Study areas in the mangrove of the Nhundiaquara River
estuary (Antonina, Parana State, Brazil) and in the mangrove of
the Pinheiros River estuary (Guaratuba, Parana State, Brazil).
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Tablel. Geographic coordinates and abiotic characteristics of the study areas at Rio Nhundiaquara (Antonina Bay) and Rio

Pinheiros (Guaratuba Bay), Parana State, Brazil. IWS: interstitial

water salinity, RP: redox potential.

Antonina Bay Guaratuba Bay
Geographic coordinates™ 25°29'S 48°42'W 25°50'S 48°34'W
Temperature (°C)* 20.5 20.8
Climate® Cfa Cfa
Annual precipitation (mm)" 2733 3183
IWS (%o) ™ 18.6 27.6
RP (mV)™ -339 -318.6

*Data from SIMEPAR for 2010. **Boeger et al. (2011).

Table 2. Geographic coordinates of the sampling points at Rio Nhundiaquara (Antonina Bay) and Rio Pinheiros (Guaratuba

Bay), Parana State, Brazil.

Antonina Bay

Guaratuba Bay

Samples 1-5 25°29'50.97"S e 48°41°29.46”W

Samples 6-10 25°29'57.20"S e 48°42'40.44"W

Samples 11-15 25°29'51.91"S e 48°42'43.67"W

25°50'00.35"S e 48°34'52.52"W

25°49'43.47"S e 48°34'52.08"W

25°49'43.37"S e 48°34'57.36"W

plasma-optical emission spectrometry) was employed
for detecting Al, trace elements and micronutrients
according to EPA 3051a.

The sample digestion procedure followed the
method described in EPA 3051a (Microwave 108
Assisted Acid Digestion of Sediments, Sludges, Soils,
and Oils). Carbon (C) and Nitrogen (N) contents
were determined by combustion using a VARIO-EL-
III Elementar®109 model analyzer. Organic Matter
was obtained multiplying C content by 1,724 factor
(EMBRAPA, 1997).

Root analysis - Root samples were collected at fifteen
points, by the stems, and separated from each other by at
least 10 m, in each bay, using a “Napolean”-type auger.
Each root sample was divided in three sub-samples, at
three depths: 0-10, 10-20 and 20-30 cm, for a total of
90 samples. No roots were found deeper then 30 cm.
Samples were stored in plastic bags until analysis. For
analysis, samples were washed in running water to
eliminate excess soil. Root volume was estimated from
the volume of water displaced in a graduated beaker
with the addition of the sample. The samples were then
sifted in a fine net to remove water, dried in a stove at
60 °C, and measured for dry mass using an analytical
balance with 0.0001 g of accuracy. Means and standard
deviations were calculated for all quantitative variables.

Results and Discussion

The soil types of the studied areas belonged to two
groups - Tiomorphic Sapric Saline/Sodic Organosols
(Organossolo Tiomorfico Salico sddico) predominated
in Antonina Bay and Tiomorphic Sapric, Saline/
Sodic Gley (Gleissolo Tiomérfico Salico s6dico)
soils and Tiomorphic Sapric Saline/Sodic Organosols
(Organossolo Tiomorfico Salico sodico) in Guaratuba
Bay (Embrapa 1999). A soil is considered an
Organosol when the carbon content is equal to or
higher than 80 g kg!, as determined from evaluating
the fraction of air dried soil passed through a 2 mm
sieve (TFSA), as were the soils found in this study
(table 3). Presently, Tiomorphic soils are grouped
into the soil classes of Gley soils and Organosoils
that possess a sulfuric horizon formed by oxidation
of sulfidric materials (Embrapa 1999).

Due to high Na saturation, the soil of both
Antonina and Guaratuba bays, with 49% and 60.5%
Na, respectively, can be classified as sodic. It is
important to point out that values of Na greater than
15% classify the soil as saline (Emater 1998). The
Na values were estimated for the two first layers of
the soil, where the CTC was lower (table 4). Soil
conductivity values above 7 dS m™" at 25 °C, as in the
studied soils, are classified as salic. It is also important
to observe these aspects, once Na alone in these soils
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occupies 50 to 60 % of the charges of the exchangeable
sites. The sapric classification of the soil in both bays
was related to organic matter content in advanced
stage of decomposition, with low content of fibers,
high density of roots and low water retention capacity
(Embrapa 2006).

In Antonina Bay, franco-clayey and silty clay
classes were predominant, while in Guaratuba Bay,
franco-clayey-silty, silty clay and sandy loam classes
predominated (table 5). However, it is not possible
to specify the exact origin of these materials due the
different contributions of three geological formations:
“Serra do Mar”, “Primeiro Planalto” and coastal plain
(Angulo 2004). Antonina Bay exhibited higher values
of glay in relation to Guaratuba Bay, while silt and
sand fractions were higher in Guaratuba Bay (table 5).
These results differ from those of Prada-Gamero et al.
(2004) and Rossi & Mattos (2002), who found mainly
sandy loam texture in their study mangroves, probably
due to the origin of deposited material.

Soil pH, determined by CaCl, solution, after
being air dried, was very low (i.e., acidic) in both bays
(Emater 1998), with Antonina Bay being classified
as having “very high acidity” and Guaratuba Bay
as having “high acidity”. These results are contrary
to the very high values for basic exchange cations
(table 4), but do not reflect the physico-chemical
conditions in loco, because the higher acidity can be
attributed to S oxidation during the soil drying process
(Rossi & Mattos 2002). Furthermore, there are other
considerations to take into account regarding the low
pH values of dried mangrove soil, such as surface
sulfide oxidation (Bernini and Rezende 2010), and
the presence of fulvic acids (Araujo et al. 2010).

The exchangeable bases (Ca, Mg, K and Na)
were classified as “very very high” (table 3), (SBCS
2004), as was soil CTC. In Antonina Bay, CTC ranged
from 53.8 to 64.6 cmol dm~, while in Guaratuba Bay,
in ranged from 44.0 to 51.2 cmol dm?, depending
on depth (table 4). Soil fertility, represented by base
saturation (V%, table 4) of the 0-10 cm layer, was
highly correlated with pH, with r = 0.87 and r = 0.72
(p < 0.05), in Antonina Bay and Guaratuba Bay,
respectively (table 4).

Carbon (C) and Organic Matter (OM) content
were higher in the superficial layers in both study
areas (tables 3 and 4). The mean values of C and OM
are considered “very high” (>20 g dm; SBCS 2004),
especially for agricultural soils, but very common for
mangrove soils due to organic carbon levels close to
200 g dm? (Prada-Gamero et al. 2004). There are
strong evidences that mangroves promote high rates

of O.M., accumulation and incorporation (Barreto
et al., 2016), preserving high levels of carbon in the
soil. The contrary occurs as soils derived from natural
environments e.g., like forests, that show a strong
decline in the original O.M. content when transformed
in pastures, i.e., human intervention diminish organic
matter accumulation (La Scala Jr. ef al. 2012).

Nitrogen (N) content can be assumed to be “high”,
considering the high OM values, which is the source
of N (table 4). However, total N can not be considered
fully available, since it has to be mineralized to
the ionic N-NO, and N-NH," forms, which were
not investigated. Although the C:N ratio is higher
than 20:1, which is above the ratio for satisfactory
mineralization, as observed in fertile well aerated soils
(Luchese et al. 2001).

Phosphorus (P) content may also be linked to
OM, because it was higher in the superficial layers of
the soil in both bays (table 4). The presence of up to
50% of P-organic in forest soils may be related to the
close relationship of this element with OM (Novais &
Smyth 1999). However, it is not possible to say that
this proportion remains in mangrove soils.

The higher values of P in the superficial layers,
and the fact that this element is associated with
organic-P, are also well supported by the findings
of Prasad & Ramanathan (2009), who reported
500 ug g'of organic-P in mangrove soils, which
exceeded the values found in the present study by 18.5
times. It is important to point out that P, represented by
P-Mehlich, did not discriminate organic P from mineral
P, the latter of which is related more to extractable P,
and to Fe, Al and adsorbed by clay (Marques 2006).
Phosphorous is an immobile element in the soil,
forming complexes of low solubility (Novais et al.
2007). However, organic-P- and nutrient cycling are
a source of P for mangrove tree species since this type
of P is not subject to immediate unavailability due to
precipitation or fixation.

The distribution of P among different layers of
the soil in both bays, indicated a reduction of this
element below the 20-30 cm layer. The higher values
for deeper layers at Guaratuba Bay are probably due to
the original deposition of the material (Angulo 2004,
Araujo et al. 2010).

Guaratuba Bay had higher values for volume and
dry mass of fine and medium-sized roots at all depths
(table 6). In both bays, however, both root volume
and dry mass varied with depth, with lower values
occurring at 20 to 30 cm deep. However, the high
values of the variation coefficient (table 6) indicate



Madi et al.: Soil and root biomass of mangroves 333

Table 5. Mean values and standard deviations for the levels of sand, silt and clay in the study areas according to the depth
at Rio Nhundiaquara (Antonina Bay) and Rio Pinheiros (Guaratuba Bay), Parana State, Brazil.

Depth Sand Silt Clay
%

Antonina Bay
0-10 cm 28.7£16.1 40.7£3.9 31.0+8.0
10-20 cm 17.3 £7.8 443424 39.0 5.1
20-30 cm 20.0 £7.5 443 £3.8 36.0 +4.9
30-40 cm 17.7 £6.8 42.7+4.9 40.3+4.5
40-50 cm 22.7420.2 37.3+£10.8 40.0£9.4

Guaratuba Bay
0-10 cm 30.0 £29.1 40.0 £16.1 30.0 £13.5
10-20 cm 38.0 £27.6 38.7+16.3 233 +£11.3
20-30 cm 12.3£3.7 48.0 £2.9 40.3£2.0
30-40 cm 7.0+1.6 52.7+3.4 41.0+1.6
40-50 cm 28.3 £26.6 40.0 £15.1 32.0+12.9

Table 6. Mean values and standard deviations of the volume and dry mass of roots in the study areas at different depths at
Rio Nhundiaquara (Antonina Bay) and Rio Pinheiros (Guaratuba Bay), Parana State, Brazil. CV: coefficient of variation.

Volume CvV Dry mass CvV

Area Depth (mL L") %) g LY %)
Antonina Bay 0-10 326.7491.5 28 32.0+16.8 30.9
10-20 335.4+168.2 50.1 35.2+10.9 52.5

20-30 275.0+£120.7 439 31.3£16.1 51.4

Guaratuba Bay 0-10 521.6+181.5 34.8 60.0+25.1 41.8
10-20 595.44239.9 40.3 69.84+30.3 43.4

20-30 482.5£119.5 24.8 53.3£13.9 26.1

a heterogeneous distribution of roots in the studied
areas.

The higher values of root biomass found in
Guaratuba Bay are probably related to several factors.
The textural composition of the soil in this area has a
greater proportion of sand, which facilitates the deeper
development of roots and, consequently, an increase
in volume (Fitter 1987). The volume of roots in
mangrove soils is an important characteristic because
it contributes organic matter annually (McKee 2011),
but this addition is dependent on the decomposition
rate of these roots (Huxham ez al. 2010). Some studies
demonstrated that root decomposition could vary
among species due to intrinsic features of each species
and their chemical composition (Huxham ez al. 2011).

Another factor that can influence variation in
volume and dry mass of roots is the basal area and
density of individual trees. Previous studies have
shown that these parameters varied between the

two study areas, with Antonina Bay having a higher
density of individuals than Guaratuba Bay, but
with heterogeneous distribution patterns between
sampled plots. However, in Guaratuba Bay, several
individuals exhibited higher diameters (Madi et al.
2016), which interfere in the total basal area. Variation
in the structure of mangroves, based on diametrical
distribution, can also affect local root biomass, as
observed in this study. In an earlier investigation, the
variation in structure was attributed to differences
in the salinity and organic matter content of the soil
(Madi et al. 2016). It is important to address that
the locations of the bays related to open sea is also
an important factor that influences the mangrove
dynamics, especially tides and, consequently, the
vegetation structure.

Lastly, it should be noted that the root volume
observed in the present study considered only fine
and medium-sized roots. However, roots with greater
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diameters were also found and occupy large volumes
within mangrove soil, although they do not actively
contribute to the function of absorption due to their
high degree of lignification (Reef et al. 2010).

In conclusion, the soil data showed no relation
between biomass and root volume. The variation
coefficients attested the high heterogeneity of root
distribution in both areas. However, in Guaratuba bay,
the mass and root volumes are probably greater due
to the textural soil composition and the higher density
of individuals. These data also showed there is a high
complexity of mangrove root system with the physical
environment. However, the root complex is still very poor
understood on Brazilian mangroves and it needs further
studies to better understanding this important ecosystem.
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