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Abstract: Despite few studies of forest health and environmental conditions of mangrove forest in Sarawak, the data was not

sufficient to facilitate baseline data and direct comparison of mangrove forest health obtained for mangrove forest in Awat-Awat,

Lawas, Sarawak. The objectives of the study were to determine the total N and available P concentration in the mangrove forest

soil along with the effect of the soil depth on nutrient concentration. Mangrove soil samples were taken from Lawas Division of
Sarawak at 0-15 cm and 15-30 cm depths. Selected soil chemical properties as N, P, pH and Soil Cation Exchange Capacity (CEC)
were determined using standard methods. As a result, means of selected chemical properties are as follow, 0-30 cm N% (0.196),

P (15.59 ppm), pH in water solution (5.83), pH in 1M KCI (5.32) and CEC (27.53 cmol) while at 30-50 cm, Total N% (0.403), P

(6.45 ppm), pH in water (5.59), pH in 1 M KCI (4.99) and CEC (29.57 cmol). Conclusion of this study, soil depth has given

significant effects on the soil acidity, total N, available P and CEC with the difference depth. Where top soil contains less nutrient

concentration than the bottom soil. The data statistical analysis has shown there are significantly different between the depths of
the mangrove soil. Obtained data can be useful for further study of nutrient content and for the rehabilitation of the mangrove

forest in another area.
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nutrient losses via tidal or atmospheric exchange while coping
with a salty, waterlogged environment [2]. These mechanisms
may include ion retention, translocation, and immobilization
in waterlogged soils; high nutrient-use efficiency; litter
retention by soil fauna; and slow rates of organic matter
decomposition and root turnover. The storage of nutrients in
tree biomass is often characterized as a nutrient conserving
mechanism in tropical forests [3]. Recent reviews, however,
indicate that tropical forests may not store proportionally more
nutrients than boreal or temperate trees. Nutrient storage
patterns may vary, depending on a variety of factors including
soil fertility, species composition, and forest age [4][5].
Mangroves typically have low mineral and trace element
concentrations in their leaves, regardless of soil and water

1. Introduction

Mangroves forests can truly be considered as evolutionary
hotspots where terrestrial species have re-adapted to marine
life, and marine species have undergone the transition to
terrestrial species. In fact, mangroves are salt tolerant trees
which evolved from rainforest trees over 50 million years ago
[1]. Plant nutrition and the cycling of minerals and trace
elements have received less attention in mangrove forests than
in other tropical forests. Mangroves, like other tropical trees,
have some potential for nutrient loss, but actual losses at the
ecosystem level appear to be low.

Mangrove trees and forests exhibit a variety of
physiological and biogeochemical mechanisms to reduce
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concentrations [6].

Mangrove ecosystems presently cover an area of about 20
million hectares worldwide. They are the main vegetation type
in protected intertidal areas along tropical and subtropical
coastlines [7]. As a forest type that affected by tides, soil
texture and marine salinity. This forest been acknowledged as
one of the most productive ecosystems which grow on
sheltered shores and estuaries in the tropics and subtropical
area [8].

Furthermore, mangroves also are very well adapted to grow
in sea and brackish water. They have roots that typically grow
in anaerobic residue and obtain oxygen through aerating tissue
which communicates to the air through lenticels on the aerial
roots and trunks [9]. Because of the limited data for tropical
forests, comparisons with higher latitude forests are difficult.
The objectives of this study were to determine the total N and
available P concentration in the mangrove forest soil and to
determine the effect of the soil depth on total N and available P
concentration in the mangrove forest.

2. Materials and Methods

The study was conducted at Awat-Awat Mangrove Forest,
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Lawas. Where, Lawas is located in Limbang division in North
of Sarawak, Malaysia. Awat-Awat Mangrove Forest appears
as a strip with an average width of 80 m and varies from 50 to
100 m from sea to landward. Schematic profile of this forest
vegetation was made from field observation and eleven
mangrove species from  family  Avicenniaceae,
Rhizophoraceae, Combretaceae, Arecaceae, Rhizophoraceae,
and Rubiaceae were identified in Awat-Awat mangrove forest.
Soil sampling has been done in November 2013 and January
2014 respectively. Sixty-six soil samples were taken at two
different depth which are 0-30 cm and 30-50 cm, in a 0.5
hectare plot using peat auger. Fresh samples were kept in zip
lock plastic bag and labeled. The samples were air dried
constantly, ground and sieved to pass a 2 mm sieve. Soil pH
was determined using 1 M KCl and water based on the method
of Tan [10]. Leaching method by Cottenie [11] were used to
determine soil Cation Exchange Capacity (CEC). Total
nitrogen was determined by using the Kjeldahl method and
available phosphorus was determined using Mehlich’s Double
Acid and the Blue Method of Bray and Kurtz. The obtained
data were analyzed using Statistical Analysis System (SAS)
Version 9.2 and LSD test were used to test the significances of
soil chemical properties between the locations.

Figure 1. Location of the study areas in Awat-Awat Mangrove Forest Lawas, Sarawak Malaysia.

3. Result

Based on Table 1, shows the comparison of nitrogen and
phosphorus between the stations on two different depths (0-30
cm and 30-50 cm). The means comparison was test using
Fisher's least significance difference (LSD) test. Result of
means comparison of total N in top soil was showed
significant different between the stations except total N in
station T2, T3 and TS5 has recorded no significant different.
The highest of total N in top soil has obtained in T6=0.196%.
While, total N in bottom soil was recorded highest in
T2=0.403" % and mean comparison was showed significant
different between the stations.

In phosphorus concentration, top soil was recorded highest

at station T11=15.59" ppm and the means comparison of
phosphorus between the station was showed significant
different. While, available of P in bottom soil was recorded
highest at station T11=6.450" ppm and the means comparison
of phosphorus between stations was showed significant
different.

Based on Table 2, shows soil pH in water and 1 M KCl, the
range of pH at is 3.06 to 5.83 and show it's in acidic condition.
However, the highest pH in water in top soil was recorded at
station T10=5.83" and the means comparison of the pH in
water was showed significant different among the stations.
While, pH in water in bottom has obtained highest in station
T11=5.59" and the means comparison of the pH in water in
bottom soil was showed significant different between the
stations.
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In pH in 1M KCl in top soil was obtained highest at stations
T10=5.32" and the means comparison of pH in 1M KCI was
showed significant different between the stations. While, for
pH in 1M KCl in bottom soil was obtained highest at station
T11=4.99" and T10=4.98". The means comparison was
showed no significant different between station T11 and T10.

Based on Figure 2 shows the trend of cation exchange
capacity between stations in 2 different depths. The highest of
CEC was obtained at the stations T6 and T1. In term of depth,
the highest of CEC at topsoil is obtained in station T6 and the
CEC in the bottom soil also recorded at station T6. Based on
Figure 3, shows the phosphorus concentrations in two
different soil depth which are 0-30 cm and 30-50 cm. The
available of phosphorus is highest at bottom soil and lower at
the top soil. The means comparison has obtained significant
difference among the depths. Moreover, Figure 4 shows a
nitrogen concentration in two difference soil depths and
bottom soil has obtained highest in depth 2. The means
comparison was showed significant different between depth 1
and depth 2.

Table 1. Comparison of nitrogen and phosphorus by stations.

Soil Depths
Station Top Soil (0-30 cm) Bottom Soil (30-50 cm)

N (%) P (ppm) N (%) P (ppm)
T1 0.107°d 6.023% 0.266™ 2.470%%
T2 0.149° 7.793° 0.403° 3.590¢
T3 0.154 6.010°% 0.177% 3.020%%f
T4 0.159 4.500¢ 0.175% 1.840°%
T5 0.149° 10.490° 0.117° 4.750°
T6 0.196 5.150% 0.154® 1.1908
T7 0.159 6.690% 0.126° 3.360*¢
T8 0.131%¢ 7.290° 0.140° 4.510%
T9 0.093% 7.130° 0.327% 3.560%¢
T10 0.084°* 3.210° 0.168% 1.570%
Til 0.065° 15.59* 0.112° 6.450*

* Different alphabets within a row indicate significant different of mean
nitrogen and phosphorus between soil depths using (LSD)

Table 2. Soil pH in water and KCI of Awat-Awat Mangrove Forest Lawas,
Sarawak.

. pH in Water pHin 1 M KCI
Stations
(0-30 cm) (30-50 cm)  (0-30 cm)  (30-50 cm)

Tl 3.45° 3.33 3.121 3.06
T2 4.09° 3.79" 3.12! 4.01¢
T3 5.45° 4.34° 5.05° 3.98¢
T4 4.,08° 537° 3.88¢ 4.93®
T5 438¢ 3.96 4.,08° 3.61°
T6 3.52° 3.54" 3.26" 2.99¢
T7 3.53" 3.53" 3.28" 3.13°
T8 5.64° 5.25° 5.22° 4.81°
T9 433¢ 4.44° 401" 4.67°
T10 5.83° 5.41° 5.32° 498
T11 5.49° 5.59° 4.99° 4.99°

* Different alphabets within a row indicate significant different of mean of pH
between soil depths using (LSD)
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Figure 2. Cation exchange capacity between stations.
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Figure 3. Phosphorus concentrations in two soil depth. The difference is
indicated by the different letter as the mean tested with the LSD mean
comparisons.
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Figure 4. Nitrogen concentration in two difference soil depth. the difference is
indicated by the different letters as the mean tested with the LSD mean
comparisons.

4. Discussion

Based on Figure 3 and Figure 4, soil depths causes the
different in nutrient concentration as the top soil become
leached as the tidal or rain water comes to contact with the
mangrove forest soil. There was a significant loss of nitrogen
and phosphorus from the soil because the flow of water [12].
The flow of the water causes the nutrient of the soil become
leached through the soil as it. Leaching alone removes a
number of substances and can produce high levels of dry
organic matter (DOM) [13].

Based on Figure 3, P is the most noticeable in changes as the
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result shows the top soil is less concentration of P than the
bottom soil. P is the most thoroughly leached element with up
to 95% of the available P being removed in a very short time
[14]. The N also show the loss of nutrient as the soil higher as
the top soil also a lack of concentration than the bottom soil as
in Figure 4. But some site may have more nitrogen at the top
soil as they receive less tidal or the canopy is large enough to
prevent water erosion toward the recycled nutrient as the litter
fall of the tree does not wash away by the tidal and water
runoff.

Mangrove trees are adapted to the less concentration of
nutrient as they were adapted towards such environment.
Experiments with fertilization by Onuf [15] suggest that the
growth of mangrove trees is constrained by insufficient
nutrient supplies to show that mangrove forest is will live with
a scarce source of nutrient and rapid growth if fertilizer is
applied to them.

The trend for pH and available P are inversely proportional
(Table 1 and Table 2). The available P was increased as the pH
of the soil increased either when the soil pH was tested with
water or KCl. In comparison P content values were much
erratic, where a P content value varied for some site but still
some site still in parallel with the trend of its corresponding
pH.

Based on Figure 2, the CEC level was different at the upper
depth and the value decreased when goes deeper except for the
sites T4, T5, T9, T10, and T11. Soils with high CEC could
have low cation nutrient fertility. This could happen when the
soils contain non-nutrient cations such as aluminium or
hydrogen. The significant difference of the CEC in soil maybe
due to dominant species such as Sonneratia alba, Sonneratia
caseolaris, Rhizophora mucronata and others. These species
contribute to high litter fall on the forest floor which trapped
by its dense and large roots during tidal inundation. The
decomposition takes places induced by microorganisms lead
to high carbon accumulates and H generated contributed to
soil acidity. A similar observation was reported by Rambok
[16] for pH, CEC, N and P. The same trend also can be seen at
the site of T4, T5, T9, T10 and T11.

5. Conclusion

Mangrove forest is adapted toward the lack of soil Nitrogen
and Phosphorus of the mangrove forest soil. Soil depth has
significant effects on the selected chemical properties, i.e., N,
P, pH and CEC. Topsoil contains less nutrient concentration
than the bottom soil. The data obtained from this study can be
used for further analysis on other nutrient content and also for
the rehabilitation of the mangrove forest in another area.
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