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Mangrove seedling growth in silvofishery pond is limited to water quality dynam-
ics while the water quality dynamically changes. This research aimed to study the
changes of environmental factor condition in silvofishery pond and to analyze its
impacts on the growth of mangrove seedling. Research experiment involved18 treat-
ment plots with mangrove Rhizophora mucronata seedling. Observed parameters in-
cluded temperature, turbidity, salinity, pH, DO, TSS, BO, N and P. Calculation was
conducted for the deviation of each parameters. Mangrove growth parameters were
including height and diameter growth while its data processing was absolute daily
growth. Data analysis was conducted through regression. The result showed there
were changes on environment parameters. Growth rate of R. mucronata showed
variations on absolute daily height growth rate range of 0.215-3.333 mm/day (aver-
age 1.296 +0.036 mm/day), while absolute daily diameter growth rate range was
2.15x103-0.196 mm/day (average 4.25x10?% * 3.59x102 mm/day). The analysis of
regression showed several parameters effectedthe growth of mangrove seedlings in-
cluding temperature, temperature change, turbidty, salinity change, pH, pH change,
and DO on the growth of R. mucronata seedlings. This research concluded that en-
vironment parameters and its changes had significant effects on the growth of man-
grove seedling.
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INTRODUCTION

Degradation of mangrove ecosystem is
caused by the extensivication of pond. Reforestra-
tion efforts had been conducted to recover man-
grove ecosystem and its advantages (Kusaeri et
al., 2015). Economic development through man-
grove reforestration is expected to be achieved
through its enviromental services and tourism.
Development of mangrove as an ecotourism spot
had been studied in several research. Thus, proper
management should be formulated to avoid con-
flict of interest on mangrove utilization (Fahrian
et al., 2015). According to Kartijono et al. (2010),
mangrove ecosystem is an important habitat for
various animal species which are potential for
tourism.

Coastal ecosystem is a threatened ecosys-
tem both from river and sea. Acording to Dewi
et al. (2014), heavy-metal contamination was
detected in the Kaligarang river which caused
bioaccumulation in fish tissues. The growth of
mangrove seedling in silvicultural pond canal
is limited to certain environmental parameters
(Almulla, 2013). Meanwhile, the condition of
environmental parameters continuously change
as well along with the seasonal shifts (Shirodkar
et al., 2012). The changes of the environment
condition should influence the suitability of envi-
ronmental condition to the growth of mangrove
seedling (Jayatissa et al., 2008).

Generally, traditional fish ponds occupy
closed system where the water circulation is only
generated by the tides. It affects the pattern of
water circulation and exchanges within pond ca-
nals and embankments. Especially at dry season
when the sea water surface is low, static inunda-
tion probably occurs within ponds without any
water exchange and circulation (Wahyudi et al.,
2013). It generates the significant changes of en-
vironment parameters which finally affect the wa-
ter quality and further to the growth of mangrove
seedling in silvicultural pond canals.

Various environmental factors in pond ca-
nal such as temperature, turbidity, salinity, pH,
dissolved oxygen (DO) as well as nutrient con-
centration (organic matter [OM], nitrogen [N],
phosphorus [P]) are environmental parameters
which always change dynamically. The changes
occured in the value of environmental parame-
ters could affect the suitability of environment to
mangrove plants (Hastuti et al., 2012). Hence, the
changes of environment parameters value could
also provide significant influence on the growth
of mangrove seedling.
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Instead of environment quality, mangrove
species also have various tolerance capacity to the
changes of environment quality. The variation of
tolerance capacity is an important factor which
defines the growth rate of mangrove seedlings
at similar environment conditions (Jayatissa et
al., 2008). Among various available mangrove
specieses, Rhizophora mucronata i1s a mangrove
species which is mostly utilized in coastal reha-
bilitation programme and plantation for silvicul-
tural ponds.

Plantation of mangrove, especially in sil-
vicultural ponds requires consideration of the
condition of environmental factors including its
changes to support the plantation effectiveness.
But, the information concerning the influence
of environment quality and its changes on the
growth of mangrove seedling are not well under-
stood. Hence, indepth study is required to collect
further information concerning the effects of en-
vironment factors and its changes on the growth
of mangrove seedling in silvicultural pond. This
research aimed to study the changes of environ-
mental factors in silvicultural ponds and to ana-
lyze the influence of environment factors as well
as its changes on the growth of mangrove seed-
ling in silvicultural ponds.

METHODS

Research design

This research was conducted through field
experiment in silvicultural pond at Mangunharjo
Village, Tugu District, Semarang City. Observa-
tions were conducted during March up to Sep-
tember of 2015. Silvicultural ponds occupied in
this research have embankment-canal systems in
which mangrove seedlings were planted in the
inlet and outlet canals of the ponds which are
functioned as biofilters. The numbers of ponds
utilized in this research was 18 plots occupying
Rhizophora mucronata as the integrated mangrove
species of silvicultural pond. Observations were
conducted at each plot, including 3 mangrove
stands as the samples. Observations were con-
ducted with 3 repetitions, including early planta-
tion period, continued with 2 following observa-
tions to monitor seedling growths.

Data collection

Data collection was conducted to monitor
the environment quality factors, including water
quality such as temperature, turbidity, salinity,
pH, DO and total suspended solids (TSS), and
sediment quality such as OM, N and P. Data pro-
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cessing for environment quality was conducted by
calculating the changes of each parameter values
among the observations. While data collection of
seedling growth was conducted to monitor the
stand height and diameter of mangrove seedlings.

Data processing and analysis

Data processing of mangrove growth was
conducted to calculate the absolute daily growth
rate of mangrove seedling. Data processing of
mangrove seedling growths including absolute
daily height growth rate and absolute daily dia-
meter growth rate are formulated in the following
equations:

(1)

A hd — hrl - hrD
t
Notations:
Ah, = absolute daily height growth rate
h, = stand height at t1 (cm)
h, = stand height at t0 (cm)
t = time period during observations (days)
ﬂ'dd — dtl - drl::l (2)
t
Notations:
Ad, = absolute daily diameter growth rate
d, = stem diameter at t1 (cm)
d, = stem diameter at t0 (cm)
t = time period during observations (days)

Data analysis was conducted through re-
gression analysis. Independent variables were in-
cluding environment parameters and the changes
of environment parameter values, while depen-
dent variable was the absolute growth of man-
grove seedling, including absolute daily height

growth rate and absolute daily diameter growth
rate. Analysis of regression occupied was partial
multiple regression analysis involving indepen-
dent variables for environment parameters and its
changes, in which each parameter was analyzed
separately. Data analysis was conducted with
SPSS 19 software with 90% confidence interval.

RESULTS AND DISCUSSION

The result showed there were variations of
environmental quality among observations. The
changes of parameters value showed various pat-
terns among observations and plots. Proceeded
observation data for respective environmental
parameters value and its changes are shown in
Table 1.

Data showed there were significant value
differences on the observed parameters. Some pa-
rameters tended to decrease among observations
indicated by negative value change, including
temperature, turbidity, pH, DO, OM, N, P and
TSS. Water salinity was the only parameter with
increasing value among observations. According
to the observation data presented in Table 1, the
value of parameters had large range showed that
there were significant variations among plots and
observation periods. It indicated that there were
dynamic changes on the environment quality of
silvicultural pond.

Water-quality dynamics occurs conti-
nuously in mangrove ecosystem. A research con-
ducted by Manju et al. (2012) showed that there
were variations of water quality among seasons.
Monsoon provided higher pH and DO concent-
ration while post monsoon was lower, and pre
monsoon was the lowest one. Inversely, water sa-
linity was the lowest in terms of monsoon and the
highest in pre monsoon period. Nitrate concentra-

Table 1. Value Range and Value Changes of Enviromental-Quality Parameters in Silvicultural Pond

Canals [Range (Average *+ Standard Deviation)

Parameter Observation Value Value Changes

Temperature (°C) 29.0-39.7 (32.8 = 2.0) (-) 8.5-(+)2.2[(-) 1.8 £ 1.7]
Turbidity NTU)  80-933 (346.2 + 218.2) (-) 772-(+) 458 [(-) 14.9 = 254.2]
Salinity (%o) 19.7-32.1 (26.5 £ 4.7) (+) 5.7<(+) 14.1 [9.0 £ 1.3]

pH 4.7-11.0 (8.4 + 1.4) (-) 6.0-(+)4.1[0.3 £2.7]

DO (mg/1) 2.3-10.8 (6.8 + 1.8) (-)6.1-(+) 5.1 [(-) 0.4 £ 2.7]

OM (%) 0.97-2.61 (1.68 + 0.44) (-) 0.29-(+) 0.53 [0.01 £ 0.17]

N (%) 0.30-0.72 (0.54 + 0.08) (-) 0.11-(+) 0.16 [0.02 £ 0.8]

P (ppm) 18.37-64.87 (35.83 £ 12.09)  (-) 6.95-(+) 21.76 [(-) 4.01 + 6.00]
TSS (mg/1) 265.4-670.9 (451.0 £ 103.9)  (-) 354.4-(+) 303.1 [(-) 46.9 + 168.3]

Notations: (-) indicates negative changes (decreasing parameter value); (+) indicates positive changes

(increasing parameter value)
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tion was also the highest in term of monsoon and
the lowest in pre monsoon as well as Phosphate.
Hence, seasonal environment dynamics does not
only generates the change of physical parameters,
but also the chemical solubility and accumulati-
on. Seasonal variation of water quality was also
showed by Toriman et al. (2013) which showed
there were differences on water temperature, sali-
nity and turbidity between summer and monsoon
season, but DO and pH did not show significant
differences. Temperature, salinity and turbidity
were observed higher in monsoon than summer.
The changes of water quality within silvicultural
pond were also affected by pond effluent from sh-
rimp / fish culture (Shimoda et al., 2005). Mostly,
pond effluent contains high concentration of nit-
rogen and phosphorus. The availability of mang-
rove stands provide purification services to the
effluent produced by fish / shrimp ponds.

Data processing on the growth of man-
grove seedling showed low survival rate of Rhi-
zophora mucronata seedling planted in silvicultural
canals. Based on the processed data, the survival
rate of Rhizophora mucronata seedling was 31.48%
at first period and 38.89% at second period. It in-
dicated that generally the condition of environ-
ment parameters in silvicultural pond canal was
not suitable for the growth of mangrove seedling.

Mangrove survival is dynamic among pe-
riods. According to Ha et al. (2003), mangrove
survival is varied by month. Depending on the lo-
cation, the mortality of mangrove seedling could
occur in certain months. January, February and
May are suggested to provide the highest morta-
lity rate while the recruitment only occurs from
March to May (Ha et al., 2003). Continuous mor-
tality for the whole year resulted low recruitment
rate of mangrove stands. Survival rate of mang-
rove is affected by various factors. According to
Lopez-Hoffman et al. (2007) salinity and light
intensity are some factors which affect mangrove
significantly.

Analysis on the absolute daily height
growth rate and absolute daily diameter growth
rate showed there were variations on the growth
rate of R. mucronata seedling. Absolute daily
height growth rate of R. mucronata ranged from
0.215-3.333 mm/day with average rate of 1.296
+ 0.036 mm/day while absolute daily diameter
growth rate ranged from 2.15x103-0.196 mm/day
with average rate of 4.25x10?% + 3.59x102 mm/
day. Figure 1 showed mangrove seedling of R.
mucronata planted in silvicultural pond canals.

Daily growth rate of mangrove showed
significant variation both for height and diame-
ter. Variation of mangrove growth is usually in-
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fluenced by environmental support. Growth of
mangrove is also affected by seasonal dynamics.
According to Buajan and Pumijumnong (2012),
seasonal growth of R. mucronata is related to rain
availability. In dry season, growth of mangrove is
lower than in rainy season. A research conducted
by Ha et al. (2003), also showed the temporal va-
riation of mangrove growth. Daily mangrove see-
dling growth was ranged from less than 0.01 cm/
day to nearly 0.07 cm/day. High growth rate was
identified from April to July, while from August
to March the growth rate of mangrove was lower
as the period during November up to March was
the peak of growth rate for mangrove. Hence, the-
re must be seasonal stress which lead to mangrove
growth inhibition. Another research conducted
by deSilva and Amarasinghe (2010) showed that
the growth rate of R. apiculata was ranged from
3.04-4.15 cm/month. Variation of soil sources
was suggested to affect the growth rates. Dissa-
nayake et al. (2014) observed the growth rate of
R. mucronata ranged from 0.5-5.3 cm/week with
rate variations among weeks. The photosynthetic
capacity was suggested to be the affecting factor
of growth rate variations.

Analysis on the effect of environmental
parameters to the growth of mangrove seed-
ling showed various effect patterns. The growth
of mangrove seedling including absolute daily
height growth rate, absolute daily diameter
growth rate are affected by different environment
parameters. Detailed regression analysis result is
shown in Table 2.

Regression analysis showed there were sig-
nificant effects of several environmental factors
to the absolute growth of R. mucronata seedling.
The value changes also showed significant effects
on the growth of mangrove seedling, as well.
Based on the regression analysis result presented
in Table 2, the growth of R. mucronata seedling
was affected significantly by: pH, pH change,
temperature, temperature change, turbidity, sa-
linity change and DO. Temperature, temperature
change, pH, pH change and DO provided nega-
tive effects on the growth of R. mucronata seed-
ling, while turbidity and salinity change provided
positive effects on the growth of R. mucronata
seedling.

The effect of temperature increase and pos-
itive change of temperature affected the growth
of R. mucronata negatively. The negative effect
of temperature on the growth of R. Mucronata
was due to the fact that increasing temperature
led to the increasing metabolism and respiration
rate (Krauss et al., 2008). Disturbances caused by
increasing temperature which exceeded the toler-
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Table 2. Effect of Environment Quality and Its Change on the Growth of Mangrove Seedling

Manerove Effecting Param- Effected
S ecige s eters Parameters Equation R*(Sig.)
P (environement)  (growth)
R. mucronata  Temp. (X1); Ad Y =0,0254-0,728E-3(X1)-1,261E-3(X2) 0.130
Temp_ch (X2) (0.087)
R. mucronata Turbidity (X1) Ad Y =2,497E-3 + 4,761E-6(X1) 0.101
(0.052)
R. mucronata Salinity_ch (X1) Ad Y =-5,641E-3 + 1,082E-3(X1) 0.191
(0.006)
R. mucronata pH (X1); Ah Y =0,399-0,033(X1)-0,014 (X2) 0.227
pH_ch (X2) (0.003)
R. mucronata DO (X1) Ad Y = 8,074E-3-0,569E-3(X1) 0.079
(0.087)
Notation:
Temp. = water temperature pH_ch = change of water pH
Temp_ch = change of water temperature DO = dissolved oxygen
Turbidity = water turbidity Ah = absolute daily height growth rate
Salinity_ch = change of water salinity Ad = absolute daily diameter growth rate
pH = water pH

Figure 1. Mangrove R. mucronata seedling planted in silvicultural pond canals

ance limit included physiological processes and
the damage of tissues. It also could be caused
by extreme increase of temperature. Inversely,
if the increase of temperature occured to the op-
timum range for seedling growth, it could alter
the growth rate of mangrove seedlings. Accord-
ing to Stuart et al. (2007), mangrove is tropical
vegetation whose growth is better in warm re-
gions. According to Noor et al. (2015), both air
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and water temperature are important regulators
for mangrove growth. Cold temperature inhibits
mangrove development, while high temperature
hinders tree settling. Duke et al. (1998) stated
that minimum temperature for mangrove growth
is 20°C, while according to McMillan (1971) the
growth of mangrove is inhibited at temperature
37°C. Gillman et al. (2008), stated that the opti-
mum temperature for mangrove photosynthetic is
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ranged from 28 - 32°C, while at temperature level
above 38°C the photosynthetic processes on man-
grove leaves are halted. It implies the research re-
sults which showed temperature range from 29.0-
39.7°C. The observation results showed that the
temperature of treatment plots were critical for
mangrove plants. Even the average observed tem-
perature showed the value of 32.8°C which is out
of optimum range. Mangrove species adaptation
to avoid too much water loss included wax de-
position which resulted thick leaves, development
of small hairs on the leaves, good regulation of
stomata, and proper water storage within the lea-
ves (Noor et al., 2015).

Increasing salinity and the value of salinity
changes showed positive effect on the growth of
R. Mucronata seedlings. Salinity is an important
component for the growth of mangrove seed-
ling (Ball et al., 2002). According to Yan et al.
(2007), the optimum salinity range for the growth
of mangrove seedling ranges from 5 - 30%o. The
tolerance of mangrove to the high salinity is de-
fined by its capability on absorbing and excreting
salt from its tissues (Noor et al., 1999). Mangrove
could even survive at salinity level of 90%o0 (Noor
etal., 2015), but best mangrove growth is achieved
when salinity fluctuations is between 5 and 75%o
(Krauss et al., 2008) eventhough salinity level
which is higher than 30%. has significant effect in
inhibiting photosynthetic processes of mangrove
(Biber, 2006). The observation results showed in
salinity range between 19.7-32.1%o0 water salinity
in some treatment or period had exceeded the op-
timum value for mangrove growth even though
the average salinity was in optimum value which
meant that only a few observations had high sa-
linity values. According to Noor et al. (2015),
salinity is associated to the osmotic potential of
soil solution which causes physiological drought,
nutritional imbalances and specific ion toxicity.
Tidal fluctuations causes the accumulation of salt
concentration in the rhizosphere (Parida and Jha,
2010). Salt uptake is avoided by mangrove as an
adaptation to assure water uptake from sea water
to maintain its osmotic potential. Hence, water
flows from higher (root) to lower (leaves) water
potential (Steppe, 2011). Mangrove species have
various adaptation to high salt concentration. A
research conducted by Jayatissa et al. (2008) sho-
wed that growth of R. mucronata under low and
medium salinity were not significantly different.
According to Noor et al. (2015), the mechanism
of Rhizophora to adapt high salinity in its habi-
tat is caused by salt exclusion. Salt is excluded by
root system of Rhizophora during uptake of wa-
ter. Thus, salt intake can be avoided (Parida and
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Jha, 2010). According to Buajan and Pumijumn-
ong (2012), there was significant positive relati-
on of salinity on vessel density of R. mucronata.
Appropriate salinity range would provide better
growth of mangrove seedling.

Water turbidity is related to the siltation
rate. Proper siltation rate provides positive ef-
fect on mangrove establishment and growth of
mangrove tree (Ellis et al., 2004). According to
Noor et al. (2015), sedimentation within mangro-
ve ecosystem is a mechanism to import essential
nutrients. Negative effect of siltation is achieved
when the siltation rate within mangrove ecosys-
tem is higher than the erosion rate. Mangrove
seedling is more vulnerable to high siltation rate.
Sediment burial effects the rooting of mangro-
ve. Sedimentation rate which exceed 1 cm/year
would increase death ratio of mangrove trees (El-
lison et al., 1998). Rhizophora seedlings are vul-
nerable to high siltation rate since it could lead to
root damage and oxygen deficiency. High siltati-
on rate could cover the pneumatophores existed
on the roots of Rhizophora. Positive effect of tur-
bidity on R. mucronata growth in this research is
addressed to its effect on seedling establishment.
It means the existing turbidity does not indu-
ce high siltation rate within silvicultural pond.
Thampanya et al. (2002) stated that sediment bu-
rial does not affect mangrove seedling survival of
R. mucronata at any level. Natural survival rate of
R. mucronata is 40%.

The acidity of water is related to the con-
centration of DO in the water. pH and DO have
linear relation patterns in which the increaseng
pH value is generally followed by the increasing
DO concentraton of the water. The growth of
mangrove is affected by soil pH with appropriate
value less than 7.55 (Joshi and Ghose, 2003). Ac-
cording to Ahmed and Abdel-Hamid (2007), R.
mucronata root system is capable of lower pH va-
lue after litter decomposition. Manju et al. (2012)
stated that dissolved oxygen concentration affects
the nitrification and sulphate reduction within
the ecosystem. Since pH and DO are related each
other, pH can also provide the information of nit-
rification rate.

CONCLUSIONS

Environmental dynamics was observed in
silvicultural pond indicated by the changes envi-
ronment values which influenced the growth rate
of R. mucronata seedling. The affecting param-
eters were temperature, temperature change, tur-
bidity, salinity change, pH, pH change and DO.
Increasing value of turbidity and higher salinity
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change led to increase of mangrove growth rate,
while increasing temperature, higher temperature
change, increasing pH, higher pH change and in-
creasing DO led to the decrease of growth rate or
mangrove seedling. It is implied that mangrove
growth requires water quality maintenance, espe-
cially for temperature, salinity and pH. A good
pond water circulation management can be ap-
plied to achieve optimum water quality in silvi-
cultural ponds.
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