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ABSTRACT

Mangrove litters as a source of nutrients for sylvofishery pond (TS), sedimented pond
(TT), and conservation pond (TP) was studied at Blanakan mangrove pond during April
until June 2008. The variables of study were litter production, litter decomposition, and
dissolved nutrients (ammonium, nitrite, nitrate, and phosphate). The obtained data were
analyzed using F test and continued using Least Significant Different (LSD). The results
showed that litter production at TS, TT, and TP were 19.55+4.34 ton/ha/year, 15.90+1.98
ton/ha/year, and 21.67+1.89 ton/ha/year respectively. The decomposition rate at TS,
TT, and TP was 0.051+0.038, 0.051+0.018, and 0.081+0.041, respectively. Mangrove
litters were potentially as a source of dissolved nutrients at Blanakan mangrove pond.
Increasing both litter production and decomposition rate could increase ammonium,
nitrite, and phosphate. Therefore, mangrove litters were play role for determined the

fertility at Blanakan mangrove pond.
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Leave mangroves give a lot benefit for
organisms. Five percentage of leaves pro-
duction are consumed by herbivore groups
such as Lepidoptera larvae, whereas 95% into
water column as detritus (Robertson, 1991).
Litter production is an important component
of mangrove ecosystems. They are the com-
ponent of net primary productivity (Bunt et
al., 1979), the guideline of canopy dynamic
(Clarke, 1994), component at nutrients cycle
(Mokolensang & Tokuyama, 1998) and as
indicator for ecosystem fertility (Kathiseran
& Bingham, 2001).

The estimates of the annual global litter
fall from mangroves range from 130 to 1870
g/m? (Kathiseran & Bingham, 2001). Litter
production are varying significantly from

mangrove litters, nutrients, Blanakan mangrove pond

habitat to habitat depend largely on local
conditions, species composition, and pro-
ductivity of the individual mangroves. Litter
production of Avicennia marina at Blanakan
mangrove pond rare be studied, though the
study of litter fall still required to complete
the information of litter production (Budiman
& Suhardjo, 1992).

The mangrove litters which fall into water
column will be decomposed. Litter decomposi-
tion involved three processes: fragmentation
by a biotic factors, leaching, and decomposi-
tion by microbial activities (Holmer & Olsen,
2002). The decomposition of litters contrib-
utes to the production of dissolved organic
matter (DOM) and the recycling of nutrients
both in the mangroves and in adjacent habi-
tats. After decomposition, several nutrients
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such as nitrogen and phosphor will be trans-
ported to estuarine and ocean ecosystems
(Holmer & Olsen, 2002). The both organic
detritus and nutrients could potentially enrich
the coastal sea and, ultimately, support fishery
resources. The contribution of mangroves
could be particularly important in clear tropi-
cal waters where nutrient concentrations are
normally low (Kathiseran & Bingham, 2001).
The aims of this research were to know
mangrove litters as a source of nutrients for
Blanakan mangrove pond.

MATERIALS AND METHODS

This research was conducted in Blanakan
mangrove pond from March-June 2008 at four
stations: sylvofishery pond (TS), sedimented
pond (TT), and conservation pond (TP).

Observation of litter production was begun
with putting litter trap which made of plastic
bag size of 1 m x 1 m on dominant mangrove
species. Each mangrove put in four litter traps
with encircle tree position. These litter traps
function as litter lodging. In every two weeks,
litter took out from lodging and measured to
determine the weight of litters.

Observation of litter decomposition was
begun with enter 30 g leaves litter into lit-
ter bag. Four litter bags were placed on the
water column at each sampling area. All litter
bags were bounded at mangal roots. Litter
bag samples were collected every 15 days.
The litters were rinsed and air-dried. These
litter samples were dried at 80°C for about
48 h to constant weight. Weight loss was the
difference between the initial weight of the

-
[34]
L

Litter production ¢on/haty)

incubated leaves sample and that of the sample
after each time interval. Analysis of C, N, and P
was conducted in Indonesian Soil Research Insti-
tute, Bogor. Decomposition rate was measured
using equation by Subkhan (1991).

Ln Xt = Ln Xo-kt
where:

Xt
Xo
k
t

weight of litter after each time interval
initial weight of litter

decomposition rate

time interval

Water samples were collected at 11.00 to
13.00 and entered into sample bottle. The
sample bottles were kept at ice box. Analysis of
dissolved nutrients (@ammonium, nitrite, nitrate,
and phosphate) was conducted at Freshwater
Fisheries Laboratory, Subang.

RESULTS AND DISCUSSION

Litter production at each sampling site can
be seen at Figure 1. Different locations showed
no significant different (P>0,05) on the litter
production.

Litter production at TS, TT, and TP was
19.553+4.337 ton/ha/year, 15.893+1.976 ton/
ha/year, and 21.670+1.889 ton/ha/year, respec-
tively. Litter production can be classified into
three categories: (1) high, if the litter production
greater than 10 ton/ha/year, (2) moderate, if
the litter production between 5 ton/ha/year to
10 ton/ha/year, and (3) low, if the litter produc-
tion less than 5 ton/ha/year (Kusmana, 1995).
According to these categories, litter production
at TT, TS, and TP was high.

——
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Figure 1. Litter production at each sampling site
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Litter production at TP was the highest of
the other sampling sites. Perhaps, these mat-
ters were related with the age of mangrove at
these locations. The mangrove at TP was the
oldest of the other sampling sites, followed by
TS and TT. Older mangrove have a lot owning
leaves turn yellow and easy to fall when blown
by wind, so litter production at old plant was
higher than young plant (Ong et al., 1982).
These statements were supported by Nga
(2004) that litter production of Rhizophora
apiculata which have age 11 year was higher
than Rhizophora apiculata which have age
7 year.

The other factor that influence on the
litter production was the tall of mangrove
(Woodroffe, 1985). Mangrove at TP was the
tallest of the other sampling sites, followed
by TS and TT. Higher plant was more blown
by wind than shorter plant. Therefore, litter
production at TP was the highest of the other
sampling sites. These results were supported
by Ellison & Simmonds (2003), that annual lit-
ter production of Avicennia marina which have
tall 3.85 m was 1,077 g/m?, while A. marina
which have tall 2.47 m was 659 g/m2.

Freshwater regulation also determined lit-
ter production. TP is near from the river, so the
regulation of freshwater at this location was
good. Input of freshwater increased nutrients,
soit's support mangrove regenerations by let
fall the leaves (Wafar et al., 1997). Perhaps,
this matter was cause of litter production at TP
was the highest of the other sampling sites.

Litter production was influenced by tidal
activities (Kusmana et al., 1994). Mangrove
forests which influenced by high tide produced
more litters (Twilley et al., 1986). During high
tide, nutrients were accumulated at mangrove
forests and influence litter production (Odum,
1980). Woodroffe et al. (1988) showed that
litter production of Ceriops sp. at tidal flat
was 745 g/m?/year, while at hinterland was
686 g/m?/year.

Litter production was influenced by light
intensity. Photosynthesis was faster and more
excellent, if the light intensity was high. These
conditions caused the plant more active to
leaves regeneration (Moriya et al., 1988).
These statements were supported by Alrasjid
(1986) that during dry season, old leaves were
competitive with young leaves to get sunshine.
In generally, old leaves were in below young
leaves and less to get sunshine. These condi-

tions caused the old leaves will be dry and fall
because failing to photosynthesis.

Litter production was influenced by lati-
tude. Goulter & Allaway (1979) suggested that
to the south, litter production progressively
decrease. These statements were supported
by Wiebe et al. (1997) [23] that litter produc-
tion at tropics was higher than sub-tropics.
Light intensity at tropics was higher than
subtropics so their photosynthesis was
more optimal. Therefore, litter production
at Blanakan mangrove pond was higher than
Northland, New Zealand which have 6.2 ton/
ha (May, 1999). Litter production at Blanakan
mangrove pond was an important component
in mangrove ecosystems food chain because
as source of detritus. Therefore, decomposi-
tion rate of litter was studied by researchers
(Keiluhu, 2000; Mahasneh, 2001; Mfilinge
et al., 2002; Nur, 2002; Anandan & Sridhar,
2004; Nga, 2004) because these process
linked raw materials to readily substances
which is used by aquatic organisms (Mason,
1976). Weight of litter at Blanakan mangrove
pond can be seen at Figure 2.

Based on the Figure 2, weight of litter at
TS decrease 39.65% after place on the water
column for during 10 weeks, while at TT
decrease 40.17%. Litter at TP was placed on
water column only for 6 weeks because it's
caused location permit. After placed on the
water column for 6 weeks, weight of litter at
TP decrease 38.5%. Reduction of weight of
litter at Blanakan mangrove pond was slower
than the reports from Goulter & Allaway (1979)
that weight of leaves litter of Avicennia marina
decrease 50% after placed on the water column
for 8 weeks. Other statement showed that
weight of leaves litter of A. marina decrease
50% after placed on the water column for 11
days (Robertson, 1988).

Reduction of weight of litter at each sam-
pling site was related with the decomposition
rate of litter. Decomposition rate at each
sampling site can be seen at Figure 3. The dif-
ference of locations showed no significant dif-
ferent (P>0.05) on the decomposition rate.

Decomposition rate at TS, TT, and TP was
0.051+0.038,0.051+0.018, and 0.081+0.041,
respectively. Decomposition rate can be clas-
sified into three categories: (1) high, if the
decomposition rate is greater than 0.8, (2)
moderate, if the decomposition between 0.5
to 0.8, and (3) low, if the decomposition rate
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Figure 2. Weight of litter after placed on water column for 10 weeks
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Figure 3. Decomposition rate at each sampling site

is less than 0,5 (Kusmana, 1995). According
to these categories, decomposition rate at TS,
TT, and TP was low.

Decomposition rate was influenced by
several factors such as temperature (Ashton
et al., 1999), salinity (Nga, 2004), tide (Rob-
ertson et al.,, 1992), freshwater regulation
(Dick & Osunkoya, 2000), dissolved oxygen
(Mfilinge et al., 2002), litter characteristics
(Middleton & McKee, 2001), litter nutrients
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(Melillio et al., 1984), macrofauna (McKee &
Faulkner, 2000), and microbe (Rajendran &
Kathiseran, 2007). Therefore, temperature,
salinity, and DO at each sampling site were
recorded (Table 1).

Decomposition rate at TP was higher than
TT. Perhaps, this matter was related with sa-
linity at each sampling site, as was reported
by Nga & Roijackers (2002). Salinity at TP was
lower than TT. High salinity will be decrease



The study on mangrove litters as a source of nutrients for Blanakan ... (Joni Haryadi)

Table 1. Temperature, salinity, and DO at each sampling site
Parameters TS TT TP
Temperature 30.84x1.3 30.71x0.74 30.84+0.96
Salinity 8.63%2.232 26+1.6° 10.63+2.392
DO 7.93+£1.792 2.73+0.8° 7.23+1.532

microbial abundance, so the litter decompo-
sition at this location was slower (Snedaker,
1978; Hyde, 1992). These statements were
supported by Nga (2004) that the decomposi-
tion rate of Rhizophora apiculata at salinity 5
ppt was higher than salinity 15 ppt, 25 ppt,
and 35 ppt.

Decomposition rate was influenced by DO.
Based on Table 1 can be seen that DO at TS
and TP was higher than TT. Litter decomposi-
tion was faster at aerob conditions, so decom-
position rate at TP was higher than TT. These
results were supported by Nga (2004) that
litter of Rhizophora apiculata which placed on
water column during 90 days at salinity 5 ppt
and aerated showed decomposition rate was
0.008/day to 0.01/day, while at without aer-
ated showed decomposition rate was 0.004/
day to 0.006/day.

Several studies showed that decomposi-
tion rate was related with water temperature
(Mackey & Smail, 1996). Perhaps, increasing
water temperature could increase the micro-
bial populations so the litter decomposition
was faster (Steinke & Charles, 1986). But, if
the water temperature was very high can be
inhibiting microbial populations, so the lit-
ter decomposition was slower. Ashton et al.
(1999) showed that the litter of Soneratia sp.
was decomposed until 90% at placed on the
water column during 56 day and temperature
29,07°C, while at temperature 31,6°C was
809%.

Perhaps, litter decomposition at TP was
influenced by abundance of macrofauna.
Decomposition of mangrove litter was ac-
celerated by the feeding activities of macro-
fauna (Ashton et al., 1999). The macrofauna
may process large volumes of the litter and
increased the litter surface, so the litter de-
composition was faster and more optimal.
Middleton & McKee (2001) showed that the
feeding activities of macrofauna increased the
litter decomposition until 1%/day.

Odum (1980) reported that decomposition
rate was influenced by tide activities. The tide

activities caused the litter was fragmented so
increased the litter decomposition (Ashton et
al., 1999) Twilley et al. (1986) reported that
the litter decomposition of Rhizophora mangle
and Avicennia germinans at inundation for
190 folds were faster than at inundation for
127 folds.

TP is in near rivers, so the freshwater
regulation at these locations was better. The
freshwater regulation input nutrients to the
mangrove areas for support microbial growth
so the litter decomposition was faster (Dick &
Osunkoya, 2000). Therefore, the decomposi-
tion rate at TP was the fastest of the other
sampling sites. These results were supported
by Flores-Verdugo et al. (1987) that the de-
composition rate at riverine was faster than
at dwarf.

The litter decomposition was conducted
by microbial activities (Pritchett, 1979). Fungi
were the first and primary microbial that de-
compose a litter, followed by bacterial groups
(Rajendran, 1997). Raghukumar et al. (2004)
showed that the litter decomposition by fungi
was begun by fungi that producing cellulose
at day-0 until day-21 followed by fungi that
producing xylanase at day-28 until day-60 and
fungi that producing pectinase, amylase, and
protease. Mahasneh (2001) reported that the
bacterial that dominant in decomposition of
Avicennia marina were amylolitic bacteria,
followed by proteolytic bacteria, cellulolytic
bacteria, and lipolytic bacteria.

Some characteristics of leaf such as mor-
phology, anatomy and chemistry resulted the
decomposition rate were different (Steinke,
Naidoo, & Charles, 1983). Decomposition of
Avicennia sp. leaves was faster because thin-
ner and less of tannin contents (Kristensen et
al., 1995). Poovachiranon & Chansang (1982)
showed that the A. marina leaves that placed
on the water column during 4 weeks were
decomposed until 50%, while R. apiculata
leaves were decomposed until 32%. The dif-
ferent components at same plant will result
different decomposition rates. Valk & Attiwill
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(1984) reported that at A. marina, the leaves
decomposition was faster than the roots de-
composition.

The decomposed litters containing several
nutrients such as carbon, nitrogen, and phos-
phor (Table 2). The difference of locations
showed no significant different (P>0.05) on
the litter nutrients.

Litter carbon at TS, TT, and TP was
39.95+1.76%, 44.14+3.71%, and 35.31+£6.69%
respectively. Litter nitrogen at TS, TT, and TP
was 0.83+0.39%, 1.05+0.19%, and 0.97+0.13%
respectively. Litter phosphor at TS, TT, and
TP was 0.04+0.005%, 0.06+0.008%, and
0.10+£0.10% respectively. In generally, increas-
ing decomposition rate could increase litter
nutrients. These results were supported by
Pereira et al. (2007) that the litter nutrients
were influenced by decomposition rate of
litter.

Litter nutrients will be dissolved into
water column and can be used as an indica-
tor for the fertility of mangrove ecosystems
(Wepener, 2007). Dissolved nutrients at each
sampling site can be seen at Table 3. Differ-
ent locations showed no significant different
(P>0.05) on the both nitrite and nitrate, but
showed significant effect (P<0.05) on the both
ammonium and phosphate.

Ammonium at TB, TS, TT, and TP was
0.0077+0.0034 mg/L, 0.0193+0.0068 mg/L,
0.0075+0.0046 mg/L, and 0.6247+0.5902
mg/L, respectively. Nitrite at TB, TS, TT, and
TPwas 0.0109+0.0152 mg/L, 0.0143+0.0078
mg/L, 0.0138+0.0048 mg/L, and

0.0289+0.0386 mg/L, respectively. Nitrate
at 7B, TS, TT, and TP was 0.0841+0.0843
mg/L, 0.1040+0.1167 mg/L, 0.0150+0.0074
mg/L, and 0.0417+0.0427 mg/L, respec-
tively. Phosphate at TB, TS, TT, and TP was
0.0097+0.0105 mg/L, 0.0115+0.0039 mg/L,
0.0297+0.0093 mg/L, and 0.1816+0.1728
mg/L, respectively.

Based on the Figure 4 can be known that
increasing litter production could increase
the both dissolved inorganic nitrogen and
dissolved inorganic phosphor. These facts
showed that the mangrove litters were po-
tentially as a source of dissolved nutrients
for Blanakan pond. These matters can be
understood because the mangrove litters at
Blanakan pond containing several nutrients, as
listed at Table 2. The same case was reported
by Woitchik et al. (1997) that the litter decom-
position of the both Rhizophora mucronata
Lamarck leaves and Ceriops tagal (Perr) C.B.
Rob leaves increased nitrogen contents at east
African mangrove areas.

Input their nutrients caused status of am-
monium at TB, TS, and TT was normal, but
at TP was higher than maximum value was
0.05 mg/L. These matters were caused by
litter production at TP was very high so input
nutrients to this location more than other
sampling sites. But, nitrite at TB, TS, TT, and
TP was normal and less than maximum value
was 0.5 mg/L (Mintardjo et al., 1985).

Based on the phosphate concentration, the
fertility of pond can be classified into three
categories: (1) low, if the phosphate less than

Table 2. Litter nutrients at each sampling site
Nutrient TS TT TP
C %) 39.95+1.76 44.14+3.71 35.31+£6.69
N (%) 0.83+0.39 1.05+0.19 0.97+0.13
P (%) 0.04+0.005 0.06+0.008 0.10+£0.10
Table 3. Dissolved nutrients (mg/L) at each sampling site
Nutrient TB TS TT TP
Ammonium 0.0077+0.0034*  0.0193+0.0068> 0.0075+0.0046° 0.6247+0.5902°
Nitrite 0.0109+0.0152 0.0143+0.0078 0.0138+0.0048 0.0289+0.0386
Nitrate 0.0841+0.0843 0.1040+0.1167 0.0150+0.0074 0.0417+0.0427
Phosphate 0.0097+0.0105> 0.0115+0.0039* 0.0297+0.0093® 0.1816+0.1728°
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Figure 4. Relationship of litter production between dissolved nutrients

0.020 mg/L, (2) moderate, if the phosphate
between 0.021 mg/L to 0.050 mg/L, and (3)
high, if the phosphate greater than 0.050
mg/L (Liaw, 1969 ). According to these cat-
egories, the fertility at the both TB and TS
was low, while at TT was moderate and at TP
was high. The difference of fertility at each
sampling site showed that litter production
was important role to supply nutrients. At the
sampling site that higher litter production, the
fertility at this location was high. Therefore,
the fertility at TP was the highest of the other
sampling sites.

CONCLUSION

Mangrove litters were potentially as a
source of dissolved nutrients at Blanakan
pond. Increasing both litter production and
decomposition rate could increase ammo-
nium, nitrite, and phosphate. Therefore, man-
grove litters were play role for determined the
fertility at Blanakan mangrove pond.
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