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Abstract: In Thailand, local inhabitants use charcoal production from commercial
Rhizophora apiculata plantation forests for renewable energy and income sources. In this study
we investigated soil quality development in commercial, monospecific mangrove forests at
different ages (0-5, 5-10 and 10-15 years). Soil samples were randomly taken from each
mangrove forest site in 2015 at two different depths (0—30 and 30-60 cm). The results revealed
that generally in top soil (0—30 cm), the soil texture was clay with pH values ranging between 5.4
and 6.5. ECe and the organic matter contents ranged between 59.9-67.93 dS m~! and 0.43—-1.19%,
respectively. In deeper soil, the pH values ranged between 4.6 and 5.2 and the ECe values were
around 56.58 to 61.93 dS m~!. The organic matter contents varied from 0.37 to 1.68%. Overall,
soil properties were comparable and similar to a tidal mangrove environment (acidic and saline
conditions). When comparing soil properties among different ages of forest, in older forest sites
(10-15 years), organic matter and the total N and P contents in the top soil tended to exhibit
higher values than in younger forest stands (0—5 years). In contrast, gradual reductions in the
organic matter and the total N and P contents were detected in deeper soil layers. In intermediate
mangrove forest (5—10 years), soil properties were similar to those found in a semi-natural
mangrove site since both areas were of similar age. Therefore, this study suggests that
commercial, monospecific mangrove forests have important ecological roles in soil fertility and
improvement through time.
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Introduction

Thailand is a tropical country with abundant
mangrove forest. Recent estimation of mangrove
forests by LANDSAT 8 satellite in 2014 showed that
mangrove forests covered an area of approximately
256,000 hectares, which was a slight increase from
the past years. Expansion of mangrove forest is
probably due to the government’s policy of promoting

sustainable mangrove forest management and
conservation as well as mangrove forest plantation
with high economic value. In particular, commercial,
monospecific mangrove forests not only help
generate income for the local community but may
also be beneficial to the environment and eco-
systems.

In Thailand, a well-known site for mangrove-
based charcoal production from plantation is in the
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Yee San sub-district, Amphawa district of Samut
Songkram province, lower central Thailand. The
local community there has operated and used
traditional = charcoal-making  processes and
techniques since 1937 (Kridiborworn et al. 2012;
Sunthoncheewawut 2003). Charcoal products are
still used nowadays for cooking by many Thais and
exported to many countries such as Japan, Korea
and Taiwan (Winterwerp et al. 2005). The most
common variety of mangrove plantation that local
people use for charcoal production is Rhizophora
apiculata. In recent years, the mangrove areas in
Samut Songkram province have slightly expanded
partly because of private mangrove plantation as a
source of income after the failure of shrimp farming
due to disease outbreaks (Kridiborworn et al. 2012).
It is estimated that commercial mangrove
plantation covers around 1,315 hectares within this
province alone (Hassan 2006).

Mangrove preservation and plantation increases
the value of ecosystem services particularly in
relation to the soil environment since both natural
and commercial mangrove forests have specific
ecological roles and functions in muddy coastal
zones. For example, the root network system of
fringe mangrove forests helps to protect the
coastline from erosion (Ewel et al. 2008). Intact
mangrove stands also trap sediment and stabilise
sediment deposits (Winterwerp et al. 2005). Other
common features of mangroves include high
primary productivity, efficient biological nutrient
recycling and high rates of organic matter
accumulation which provide benefits not only
within the mangrove ecosystem but also to adjacent
areas and marine food webs (Jennerjahn &
Ittekkot 2002). In addition, carbon and nutrient
concentrations in the soils of mangrove forests
increase during mangrove succession (Lovelock et
al. 2010).

Most research has so far focused on the roles of
natural mangrove forests on soil characteristics. In
this study, we aimed particularly to document and
determine the roles of private, monospecific
mangrove plantations (Rhizophora apiculata) in
soil fertility and soil quality improvement through
time. We studied the soil properties of tropical
commercial mangrove sites at different ages as well
as investigating the quality of soil in semi natural
mangrove forest. The ultimate goal of this research
was to gain insight into the goods and services that
commercial mangrove forests may provide to the
ecosystem in terms of nutrient enrichment and the
development of soil quality with forest planting age.

Material and Methods
Study area

Commercial mangrove forests are situated in
Yeesarn sub-district (13°18'14.3"N 99°54'07.2"E),
Amphawa district, Samut Songkram province,
Thailand where three different-aged, planted
mangrove sites (0—5, 5-10 and 10-15 years old)
were selected for sampling. The soil properties were
also determined from a semi natural mangrove
forest nearby. Sampling took place in April 2014.

Soil sampling and soil property determination

At each mangrove plantation site, soil samples
(each weighing approximately 1 kg) were taken from
six random stations across the site at two different
depths (0-30 and 30—60 cm below soil surface) using
a soil auger. There were 48 soil samples in total. Soil
samples were brought back for physical and chemical
analysis at the Department of Environmental
Technology and Management, Faculty of Environ-
ment, and Department of Soil Science, Faculty of
Agriculture at Kamphaeng Saen, Kamphaeng Saen
Campus, Kasetsart University, Thailand.

For soil preparation, plant particles such as leaf
litter, sticks and roots were removed from each soil
sample and then soil samples were air dried and
ground prior to analysis. Subsequently, soil
samples were sieved through 2 and 0.5 cm diameter
mesh sieves and each sample was mixed well. Soil
properties were measured for soil texture using the
hydrometer method and the organic matter content
was determined using method of Walkley and Black
(1934). We measured the soil pH in a 1:1 ratio of soil
and water using a pH meter. An electrical conductivity
meter was used to study electrical conductivity (ECe).
Total nitrogen (N) was studied in a digestion mixture
(H2SO4+Na2SOs+—Se mixture) and then was distilled
in an N—determination apparatus. For phosphorus,
we used the Bray II (0.1 N HCI+0.03N NH4F) method to
quantify the available P and measured concen-
trations using a spectrophotometer at a wavelength
setting of 882 nm. Exchangeable K, Ca, Mg, Na were
extracted from soil samples using 1N NH4s CH3COO
and then analysed with atomic absorption
spectrophotometry. Total S was determined using
the Turbidimetric method and then the absorbance
was measured using spectrophotometry (420 nm
wavelength). All samples were analysed in
triplicate.

Data were recorded throughout as meant
standard deviation. Student’s ¢ test was applied to
evaluate the differences of soil properties among
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Table 1. Selected soil properties of top soil (0—30 cm) of mangrove sites (n=6).
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Property Age of mangrove site
0-5 years 5-10 years 10-15 years Semi-natural

pH (1:1) 6.04 = 0.422b 6.20 £0.412 5.40 + 0.45P 6.54 = 0.362
ECe (dS m™) 67.45 + 2.882 59.80 + 12.402 65.80 + 5.812 67.93 £5.092
Exchangeable K (mg kg1) 12.06 + 8.192 11.94 +£ 9.222 21.72 £13.712 12.92 £ 7.71a
Exchangeable Ca (mg kg1) 18.53 +£22.192 12.51 + 8.252 39.42 + 47.052 15.74 + 6.952
Exchangeable Mg (mg kg1) 2.87+1.722 4.63 £5.752 7.89£6.072 5.22 £ 5.602
Extractable S (mg kg1) 2175 + 4562 2154 + 63812 3093 £ 629> 2184 + 4832
Exchangeable Na (mg kg1) 1791 + 1802 1752 + 2852 1962 + 2332 1857 + 672
Sand (%) 12.7+1.22 12.7+ 1.4 11.1 + 2.2ab 9.8+ 1.7
Silt (%) 24.4+1.92 95.9 + 0.72b 30.6 = 3.1b< 30.8 £ 1.5¢
Clay (%) 62.9+1.82 61.4 = 1.5ab 58.3 £4.1b 59.4 £ 2.9ab

The same superscript letters indicate non-significance among sites and the different superscript letters show significant

differences at the 95% confidence level.

sampled sites and soil layers (surface and deeper
soil layers). Data analyses were performed using
Microsoft Excel 2013.

Results

Top soil properties (0-30 cm)

The soil texture of all studied sites had clay (58-
63%) as a major component. The pH values ranged
from 5.4-6.5 indicating slightly acidic conditions.
The EC. values were around 59.80-67.93 dS m-!
implying that the soil was saline. The organic
matter contents varied from 0.43-1.19%. N and P
contents increased with the age of the mangrove
trees. Values of pH and exchangeable S were
significantly highest at the forest site aged 10-15
years compared with other sites (Table 1). In
addition, extractable S and exchangeable Na were
major components in the top soil layer.

Deeper soil properties (30-60 cm)

Soil texture in deeper layers was mainly clay
(67-60%) which was similar to the surface soil
texture. The pH values indicated acidic soil (4.6—
5.1) (Table 2). ECe ranged from 56.58-61.93 dS m-.
N and P contents were comparable among mangrove
plantation sites. The organic matter contents of deeper
soil (0.37-1.68%) were lower than in the surface soil
layers. Similar to the top soil properties, the results
of exchangeable elements showed that S and Na
contents were rich in deep soils compared with other
elements.

Comparison of soil properties between top and
deeper soil layers

We further compared soil quality between the
top and deeper soil layers. It was revealed that the
available P, nitrogen and organic matter contents of
the top soil showed an increased tendency through
time. In contrast, the values of the available P,
nitrogen and organic matter in deeper soil layers
decreased as the age of the mangrove trees
increased (Fig. 1). For the forest site aged 10-15
years, the total N values of the top soil were
significantly greater than in the deeper layer. In
addition, the available P and organic matter
contents of the surface soil were highest for the
forest site aged 10—15 years.

Discussion

Soil properties in planted mangrove forests

The physico-chemical properties of the soil did
not exhibit much variation between mangrove plots.
The results of the quality analysis of the top soil in
mangrove forests showed that pH values were
slightly acidic at all sites as a result of oxidation of
S in the soil (Hart 1959). This was consistent with
the elemental content of Sulfur that was relatively
abundant in the forest soil as Sulfur can be found
naturally in various forms such as hydrogen sulfide
(H2S), sulfide (S52-) and sulfate (SO42-). The EC.
values of the top soil were greater than 16 dS m-!
indicating high salinity which is normal for a
coastal environment. Overall, the results of this
study were comparable with the soil properties in



94

Table 2. Selected soil properties from deeper soil (30—60 cm) among mangrove sites (n=6).

SOIL FERTILITY IMPROVEMENT FROM MANGROVES

Property Age of mangrove site

0-5 years 5-10 years 10-15 years Semi-natural
pH (1:1) 4.57+0.872 5.10 £ 0.832 5.09 £ 0.522 5.15+0.702
ECE (dS/m) 58.28 + 9.242 60.67 £ 12.152 56.58 + 7.382 61.93+7.182
Exchangeable K (mg kg1) 22.51 £12.012 14.79 £ 10.092 12.37 £ 8.21a 19.93 £ 15.362
Exchangeable Ca (mg kg1) 39.37 +£47.152 22.34 + 21.502 17.28 £ 23.042 35.54 + 49.652
Exchangeable Mg (mg kg1) 7.59 £ 5.682 4.63 £5.262 2.87 £ 1.642 6.96 £ 6.152
Extractable S (mg kg1) 4523 +£ 11692 3638 £ 10802 4095 + 3632 3826 + 6692
Exchangeable Na (mg kg1) 1628 + 2122 1740 + 4612 1694 + 752 1811 + 2002
Sand (%) 13.8+1.3 13.0 + 2.0 9.7+1.5 8.8+ 1.9
Silt (%) 27.3+2.32 97.1+1.63b 33.17 + 1.8b¢ 33.6 + 2.3¢
Clay (%) 58.9 +3.12 60.0 = 2.5ab 57.2 £ 2.7b¢ 57.6 + 3.3¢

The same superscript letters indicate non-significance among sites and the different superscript letters show significant

differences at the 95% confidence level.

other mangrove forest areas in the tropical zone
(Dinesh et al. 2004; Ren et al. 2008).

Soil properties among different ages of planted
mangrove forest stands

It was apparent that the monoculture mangrove
plantation for charcoal production gradually
improved the quality of soil properties through time
as reported by Ren et al. (2008). The organic matter
contents in top soil markedly increased with forest
age. It i1s likely that older-aged forests might have
higher accumulation rates compared with that of
younger forests where there was a lower input of
leaf litter or other materials from the forest stand.
In addition, due to greater age, the older mangrove
forests might have a higher organic material
deposition brought about by inter-tidal waves than
occurred in younger mangrove forests. This 1s partly
because the extensive root system of old mangroves
can enhance the trapping process (Scoffin 1970).
Twilley et al. (1986) stated that seasonal changes in
surface leaf litter corresponded with higher leaf
decomposition rates when the tidal inundation
frequency increased. Hence, increased organic
matter contents improved the physical properties of
the forest soil.

In general, top soils in mangrove forests are
relatively more fertile than the soil in deeper layers.
The organic matter contents in deeper soil layers
decreased gradually with mangrove forest age. This
is not surprising, since the organic matter in the
deeper soil layers was probably removed through
time via decomposition processes or through

accumulation in mangrove plants (Alongi 1996).
The study of Chen and Twilley (1999) supported our
results that mineralization rates decreased in
deeper soil layers, which corresponded with a
reduction in organic matter. Higher organic matter
contents in the deeper soil layer in younger forest
plantation stands could be explained by the
accumulation of old organic material from previous
land use.

Concentrations of total N and P showed similar
patterns to the organic matter contents as reported
by Tam and Wong (1998) and increased with the age
of the mangrove forests (Lovelock et al. 2010). This
was also in consistent with Chen & Twilley (1999)
who showed that the total N and P concentrations
are closely related to patterns of forest develop-
ment. Sources of N in mangrove forests may come
from similar origins of organic matter such as litter
production as mentioned before and it was found
that N increased in the leaf litter during decom-
position on the forest floor (Twilley et al. 1986). P
was still limited in the mangrove ecosystem and did
not build up much through time. A lack of
anthropogenic sources of P may explain the
limitation of P in mangrove forests. Furthermore,
the amount of other important nutrients such as
exchangeable K, Ca and Mg in the mangrove forests
clearly increased especially in the mangrove
plantation aged 10-15 years. Allochthonous input
of mineral sediments may play a crucial role as an
important source of these nutrients in mangrove
forests (Chen & Twilley 1999). The overall values of
soil properties in the plantations aged 5-10
years were similar to those found at a semi-natural
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Fig. 1. Comparison of soil organic matter, N and P
between top (open bar) and deeper (filled bar) soils
among different ages of mangrove forest with standard
error bars (S = 0-5 years, M = 5-10 years, L = 10-15
years and N = semi natural). The different letters on the
bar show statistically significant differences between soil
layers (P < 0.05).

mangrove site which could be explained by both
studied plots being of a similar age.

Mechanisms that describe the variation of key
nutrients in different plantations may be the result
of bacterial and fungal communities and activities
that differ from varying mangrove aged
plantations. Especially in the surface sediments,
bacteria in mangrove (0—2 cm depth) were

abundant and productive (Alongi 1988), and
therefore playing an important role in mineralizing
and recycling material deposits in tropical aquatic
systems. Furthermore, microbial community
increased significantly with each stage of succession
and was also associated with plant height and
contents of organic matter and total nitrogen (Chen
et al. 2016). Possible mechanisms to conserve
nutrients in tropical mangrove ecosystems may
include absorption and adsorption processes as well
as nitrogen fixation by microbial communities (Rice
1982; Twilley & Day 1999). In addition, high litter
turnover especially in mature mangrove stands
aged 10-15 years may be one of the key factors that
regulate the availability of nutrients. Invertebrate
communities may also influence nutrient cycling
and variation through benthic food webs (Alongi
1994) since there may be mechanisms of nutrient
generation associated with animal assemblages.
Our previous study revealed that sedimentary
macro-invertebrate communities tended to increase
with the age of the mangrove plantation site
(Choosak et al. 2016). Lee (2008) suggested that
macro benthic assemblages serve as important
links between mangrove organic matter and
estuarine production as well as exportation of
organic matter through feeding excursion, organic
detritus and faeces.

Another important parameter in mangrove
ecosystems is carbon content that plays a major role
in carbon sequestration (Alongi 2014). Even though
this study did not focus on different forms of organic
carbon, it can be stated that carbon content may be
associated with leaf letter production and mangrove
roots. Bouillon et al. (2003) reported that organic
carbon stocks are almost of mangrove origin
together with the deposition of suspended particles
from intertidal adjacent environment. Accordingly,
organic carbon content may build up through time
as a result of accumulation of organic matter in the
mangrove sediment (Fujimoto et al. 1999).

Conclusion

Our study suggests that mangrove monoculture
plantations of Rhizophora apiculata for biofuels are
important ecologically in terms of soil fertility and
enrichment as indicated by the fact that the
continuous development of soil enrichment closely
corresponded with forest age. The amount of
organic materials in the top soil may also serve as a
food source for wildlife through benthic food webs
and thus supporting biodiversity, especially
communities of benthic macro-invertebrate.
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Therefore, direct benefits obtained from planted
mangrove forests not only go to the community
as additional income from charcoal production but
also for the fertility of terrestrial coastal
ecosystems.
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