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Abstract

The study aims to find out condition of soil quality in brackishwater ponds in Mangara
Bombang Sub-district, Takalar Regency where the center for brackishwater farming
development is built.  Soil quality sampling used as the main requirements for brackishwater
shrimp farming parameter consist of soil texture, pH, organic matter, nutrients and pyrite
content. Supporting soil quality parameters in brackishwater shrimp farming are pHrox, KTK,
Cation (K, Ca, Na, and Mg), TSA, TAA, and redox. Sampling is then analyzed in
laboratory to find out condition of soil parameters in brackishwater areas, Mangara Bombang
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coastal areas. Calculation of soil quality including pHrox, KTK, Cation (K, Ca, Na, and
Mg), TSA, TAA, and redox aims to find out eligibility for brackishwater shrimp farming. The
findings indicate that in general, brackishwater soil quality in Mangara Bombang coastal
areas, Takalar Regency is at the eligible limits, or the soil is capable of promoting

brackishwater shrimp farming.
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1. Introduction

Indonesia with 81,000 km shoreline and 5.6 million km2 coastal waters has potential to
produce fisheries products which are capable of making the people live in prosperous. The
coastal waters also create employment for surrounding communities in addition to its
potential in marine and beach tourism. Takalar Regency, especially Mangara Bombang
Sub-district has potential fishery product to be developed, i.e. brackishwater shrimp farming.
This brackishwater shrimp farming has gone on for years and developed to food and
bioindustrial activity. It is proved that the business is capable of producing industrial products
by means of various technology utilized these days. Along with aquaculture expansion and
fishery product demand, shrimp and fish has been developed into coastal aquaculture in early
1980s. Coastal aquaculture, i.e. brackishwater farming, is carried out intensively, and tiger
prawn (Penaeus monodon Fab.) is the main commodity. This aquaculture product is
especially exported to foreign countries as source of foreign exchange (Tuhri, 2000, Bose, et
al., 1991).

Mangara Bombang Sub-district belongs to one of sub-districts in Takalar Regency coastal
areas, and this area has potential and fairly developed fishery farming. Therefore, the local
government of Takalar Regency defines Mangara Bombang Sub-district coastal areas as one
of central regions for fish farming development. Fish farming activities which have been
developed therein are seaweed cultivation and brackishwater shrimp cultivation. Size of
brackishwater pond in Mangara Bombang coastal areas is 863,097 ha. A size of 35,98 ha is
managed by in;ensive technology and 827,117 ha is managed by traditional technology
(Department of Marine and Fisheries, Takalar Regency, 2008).

Soil quality is the requirement having important role in determining good or poor soil quality.
Soil for brackishwater land then influences the success of brackishwater farming because the
land is capable of not only holding the water back, but also providing various nutrients as
natural feed for the cultivated shrimp (Boyd, 1995, Soewardi, 2002). Soil quality parameters
used as minimum requirements for brackishwater shrimp cultivation are soil texture, pH,
organic matter content, nutrients and pyrite content. Further supporting soil quality
parameters for brackishwater shrimp cultivation are pHrox, KTK, Cation (K, Ca, Na, and
Mg), TSA, TAA, and redox (Dent, 1986; Widigdo, 2002; Mustafa et al. (2004).

The existing brackishwater shrimp cultivation activity in Mangara Bombang Sub-district
coastal areas shall have data about soil quality that allow shrimp farming to operate
continuously. Purposely, the study aims at finding out condition of soil quality in shrimp
brackishwater pond in Mangara Bombang Sub-district. Expectedly, the findings can be
beneficial for aquaculturist in Mangara Bombang Sub-district and the government as a
reference for shrimp brackishwater pond management and planning.

This study aims to find out condition of soil quality for brackishwater ponds development in
Takalar Regency coastal areas. Hopefully, the study will get into head in formulating policy
for brackishwater development in Takalar Regency.
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2. Research Methodology
2.1 Research Site and Time

The study is conducted in brackishwater areas in Mangara Bombang coastal areas, Takalar
Regency from June, 2010 to July, 2010. Based on UTM zone, the site is between x=768117:
Y=9385750 and x=770926; Y=9381886 (Halder, 2013).

2.2 Research Implementation Methodology

There are two types of data used in this study: primary and secondary data. Primary data is
collected through observation/direct measurement at research site Akbarzadeh and Mehrjardi,
2010), while the secondary data is collected through literature-retrieval system existing in
various related government agencies and private organization, such as Department of Marine
and Fisheries of Takalar Regency, Regional Development Planning Agency, and
brackishwater farmer. The primary data observed in this study consists of Some soil quality
parameters constituting key parameters for the success of shrimp farming

Observation and sampling on the soil quality is conducted directly (in situ). Soil sampling is
selected in brackishwater areas in depth of 0-20 cm (Ahern, et al., 2004; Mustafa et al.,
2004). Sampling is taken from 14 stations (sampling in 1 station has 3 brackishwater sections
where every 1 sampling point is in the center of brackishwater pond). Then, total
brackishwater sections to which the sample is selected are 42 sections. Besides, direct
measurement is also conducted in the field, then the sample is analyzed in laboratory (Soil
Survey Staff, 2001).. Data collection of the observed soil quality parameters, analyzer/method
of analysis and place of measurement are presented in Table 1.

Table 1. Soil quality parameters, instrument/method of analysis and place of measurement

Parameter Method of Analyzer
Soil Texture Bouyoucos hydrometer
Cation-exchange Capacity Colorimetry
Pyrite Ahern
Soil pH and redox Redox meter
Total Potential Acidity and Total Actual Ahern’s Scientific Method
Acidity (TPA and TAA)
K, Ca, Na, and Mg K, Ca, Na, and Mg
N — total Kjeldahl method
Phosphor (P,0s) Spectrophotometer

3. Findings and Discussion

Soil quality is the requirement holding crucial role which determines good or poor soil
quality where brackishwater land will be used to cultivate shrimp (FAO1998; Agus, et al,
2006). Good soil quality is capable of not only holding the water back, but also providing
various nutrients as natural feed for the cultivated shrimp. Soil quality parameters used as the
minimum requirement for brackishwater shrimp cultivation are soil texture, pH, organic
matter content, nutrients and pyrite content. Supporting soil quality parameters for
brackishwater shrimp farming are pHrox, KTK, Cation (K, Ca, Na, and Mg), TSA, TAA, and
redox (Ahern, et al, 2004; Ahern, et al, 1998a, 1998 b, 1998c).. Soil quality parameter value
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is made in list in Table 2.
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Table 2. Analysis Results of Soil Quality Parameter

Parameter Unit Result of Soil Quality Recommended
Parameter *)
Soil Texture
a. Sand % 60.65 +12.22
(41.00 — 89.00) -
b. Clay % 14.75 +£13.33
(0.00 — 45.00) -
c. Dust % 24.55 +10.50
(10.00 — 47.00) -
Cation-exchange me/100 g 30.54 +15.09 > 20 me/100 g
Capacity (CEC) (9.34 —75.65)
Pyrite % 0.52 +0.63 <2%
(0.00 - 1.94)
Degree of Acidity
pHE (H,0) - 7.33 £0.34 5-6.5
(6.42 -8.11)
pHFOX - 4,94+2.23 -
(1.41-8.33)
Organic carbon % 3.85 +4.43 4 -20 %)
(0.33 - 18.52)
TPA mol H™/th 173.42 £235.64 < 600 moh
(0.00— 771.30) H*/tonne
TAA mol H™/th 2.35+7.53 <40 H'/ one
(0.00 — 41.00)
Redox meV -160.75 +120.63 +10 meV (-)
(-376) — (-3.01) + 50 meV
Macronutrients
K me/100 g 3.71 +2.28 0.5-1.0 me/100
(0.03-7.77) g
(> 500 mg/l)
Ca me/100 g 32.60 £25.78
(2.95 — 89.46) 5.0-20.0
me/100 g
Na me/100 g 38.22 £37.14 (> 1,200 mg/l)

(3.95 -148.65)
0.7 — 1.0 me/100

Mg me/100 g 22.44 £13.53 g
(4.67 — 67.14)
1.0 — 8.0 me/100
g
(> 500 mg/l)
N — Total % 0.21 +£0.19 0.4-0.75
(0.00 - 0.75)
Phosphor (P,0s ) mg/I 188.03 +£155.84 30 — 60 mg/l

(0.00 — 546.76)
*) Boyd and Musig, 1992; Baliao, 2000; Taslihan et al., 2003; Poernomo, 1992; Widigdo,
2002; Taslihan et al., 2003; Mustafa et al., 2004

According to the analysis result in Table 2, below is explanation of every parameter:

311 www.macrothink.org/jee



ISSN 2157-6092

\\ Macrothink Journal of Environment and Ecology
A I“Stitute " 2014, \Vol. 5, No. 2

3.1 Soil Texture

Brackishwater soil particles in Mangara Bombang Sub-district coastal areas are a composite
of sand particle from 41.00 to 89.00% (60.65 *12.22), dust particle from 10.00 to 47.00%
(24.55 £10.50), and clay particle from 0.00 to 45.00% (14.75 £13.33).

Based on the analysis result of soil structure regarding soil sodicity ratio at SAR (Sodium
Adsorption Ratio) equation = Na* x [0.5 (Ca*" + Mg*)]%° = X me.1", SAR ratio is 7.37
me.1. This value represents brackishwater soil structure in Mangara Bombang Sub-district
coastal areas that belongs to sodic soil phase structure (Menon, 1973; Melville, 1993; Ahern,
1998) In sodic soil phase, high concentration of natrium (Na) in complex soil adsorption can
cause soil structure damage. Further implication is that soil aggregate constituting soil
internal cohesive force will be weak and have an effect on perishable soil (Ahern, 1998;
Sulaeman, et al., 2005)).

Brackishwater construction and irrigation canal can still be built on such soil structure
condition under condition that the brackishwater pond embankment and irrigation canal shall
be made wider than the pond bottom (Mustafa and Rachmansyah, 2008; Afrianto and
Liviawaty, 1991; Taslihan et al., 2003). Besides, the pond shall install brackishwater pond
embankment, for example by installing bamboo lath or cement wall inside and outside of the
brackishwater embankment. This brackishwater embankment reinforcement aims to lengthen
useful life. In traditional brackishwater pond, brackishwater embankment construction
reinforcement can be installed by mangrove planting inside and outside the pond
embankment and irrigation canal. Strong root system owned by mangrove is expectedly can
strengthen the embankment construction and irrigation canal in purpose to make the pond
imperishable.

3.2 Cation-exchange Capacity (CEC)

Cation-exchange capacity is important for brackishwater shrimp farming since it determines
soil capacity in absorbing electrolytes, like NH4, sulfide, and other toxic substances that can
endanger the cultivated organism. Calculation of cation-exchange capacity (CEC) to the
brackishwater soil is from 9.34 to 75.65 me/100 g (30.54 £15.09). Cation-exchange capacity
(CEC) of brackishwater soil in Mangara Bombang Sub-district coastal areas is fairly good for
brackishwater shrimp farming according to the recommended value, i.e. >20 me/100 g
(Poernomo, 1992; Widigdo, 2002, Gong, et al., 2012).).

3.3 Pyritic Soil Content

Pyrite is composed of iron and soil organic material, and also sulphate which is changed into
sulfide by microbe (Pantjara and Sahib, 2008). This pyrite content is extreme factor that can
endanger the cultivated organism (Poernomo, 1992). Calculation of pyrite content in
brackishwater soil is between 0.00 and 1.94% (0.52 +=0.63). Such value is appropriate for
brackishwater shrimp farming and equal with the recommended value, i.e. <2% (Poernomo,
1992; Ahern et al,1998, Widigdo, 2002,). High pyrite content has the potential to increase
Fe?* and SO,~ and acidify the water of pond (ASSMAC, 1998,.Pantjara and Sahib, 2008;
Mustafa and Rachmansyah, 2008).
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3.4 Degree of Soil Acidity

Productive soil intended for brackishwater pond shall have neutral to acid pH where such soil
has nutrient and salt in abundance that can stimulate the growth of natural feed. Soil pH
affects water fertility in the pond because pH defines nutrient solubility in the water (Ahern,
and Rayment, 1998d, Widigdo, 2002,). Below is the analysis result of every soil quality:

Direct measurement in the field found that pHg (H,0) value is quite high by 7.33 £0.34 (6.41
— 8.11). It represents that soil acidity in an active brackishwater soil is relatively low during
the measurement. When the oxidation is done with peroxide solution (H,0,) at concentration
30 %, pH value is decreasing incisively up to 1.41. It informs us that there is still potential
acidity held by brackishwater soil particles. It can come into existence suddenly if it is driven
by natural condition. Acidity in the soil can also be triggered by the treatment given by
brackishwater farmer or cultivator, especially during drying cycle and soil turnover.
Accordingly, it is necessary to conduct calcification and soil washing to reduce soil acidity.

Based on measurement result of pHg (H,O) parameter, the value indicates that brackishwater
soil value is suitable for brackishwater shrimp farming in conformity with the recommended
value between 5.0 to 8.5 (Boyd and Musig, 1992; Baliao, 2000; Taslihan et al., 2003).
Brackishwater soil with pH value between 5.0 and 8.5 is categorized by Karthik et al., (2005)
as slight since soil pH is good and inhibitory factor is easily handled (Pantjara and Sahib,
2008).

3.5 Organic Content (Soil Organic Carbon)

According to C organic content measurement result of the brackishwater soil in Mangara
Bombang coastal areas, the content ranges from 0.33-18.52% (3.85 +4.43). Organic matter
content within the brackishwater soil is suitable for shrimp farming according to feasibility
criteria as the recommended value 4.0-20.0% (Poernomo, 1992; Widigdo, 2002). The
brackishwater soil containing low organic matter content needs additional fertilizer, and
conversely, if the soil has suitable organic matter content, it does not need additional fertilizer.
The existence of soil organic matter can increase cation exchange capacity (CEC) in addition
to its capacity to absorb acid (Soepardi, 1983; Hanafiah, 2004). Organic matter content held
within the soil highly affects the growth of algae in the pond bottom because the matter is
source of nitrogen for algae. Over-organic matter content within the soil can endanger the
cultivated commodity which is caused by decomposition process. During the process,
decomposition of dead algae in pond bottom takes oxygen and gives out toxic gas like CO»,
H.S, and NH; (Boyd, 1995; Colt and Armstrong, 1981;Camargo, et al., 2005, Boyd, 2008).

3.6 Total Potential Acidity (TPA) of the Soil

Total potential acidity (TPA) which is suitable for brackishwater shrimp farming is <600 moh
H*/ton (Mustafa et al., 2004), and the measurement result finds that Total potential acidity
(TPA) in brackishwater soil ranges from 0.00 to 771.30 (173.42 +=235.64). Accordingly, total
potential acidity of the soil in Mangara Bombang Sub-district coastal areas is mostly at the
limit qualified for shrimp farming Gaviria, et al., 1986)..
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But it still, there are ponds with high total potential acidity since the soil sample is collected
from mangrove forest which had been converted into brackishwater pond. For those
brackishwater ponds which formerly were mangrove lands, remediation (calcification) is
applied to neutralize total potential acidity (Cook, et al., 1984).. Amount of lime required is
estimated by Ahern’s approach (1998) proposing that 1 mol CaCO3 will neutralize 2 mol H*
(1 mol CaCO3 = 100.0872 g), 1 mol H,SO, is equivalent to 2 mol H*; accordingly, 1 part of
CaCOg3 = 1 part of H,SO,4 (weight). If the average Total potential acidity (TPA) is 173.41 —
234.10 mol H'/ton, it will need 86.71 — 117.05 mol CaCOs or 8.67 — 11.70 kg CaCO3 to
neutralize 1 ton brackishwater soil at average.

3.7 Total Actual Acidity (TAA)

Total Actual Acidity (TAA) in brackishwater soil is varied from 0.00 — 41.00 (2.35 +=7.53) mol
H*/ton. Total Actual Acidity (TAA) in brackishwater soil is suitable for shrimp farming if it is
<40 H'/ton (Grant, 1973, Mustafa et al., 2004). Accordingly, total actual acidity of the soil in
Mangara Bombang Sub-district coastal areas is mostly at the limit qualified for shrimp
farming.

3.8 Redox Potential of Soil

Increasing redox potential of soil is affected by the atmospheric O, penetrating into the soil.
0, is formerly reduced, then it is re-reduced that produces H* and becomes soil acidity source
(Conyers, et al., 2003, Simpson and Pedini, 1985 as referred in Hanafiah, 2005).

Calculation of redox potential of soil is ranging from (376) to (3.01) meV (-160.75 %£120.63).
Value of redox potential in intensive brackishwater pond is fairly good for brackishwater
shrimp farming, while value of this redox potential in traditional pond is quite low. The
recommended valur of redox potential for shrimp farming shall be +10 meV (-) + 50 meV
(Taslihan et al., 2003; Widigdo, 2002). In intensive brackishwater pond, drying and soil
treatment processes is managed well, while both processes is not executed maximally in most
traditional brackishwater ponds. Consequently, traditional ponds are still soaked in water. The
soaked soil usually fills soil pore spaces with water, thus deficiency in oxygen and soil tends
to be reductive. If this condition goes on and on, it will produce ferro iron, sulfide, CO,and
organic acid that can poison the cultivated shrimp.

3.9 Soil Macronutrients
Kalium (K)

Macronutrients availability like K, Ca, Na and Mg within the soil constitutes soil fertility
indicators. Main source of Kalium (K) made in the sea water penetrates into brackishwater
pond by the time high water occurs. Kalium (K) within the soil can be absorbed by algae
living at the pond bottom in form of K*. Main function of this Kalium (K) is to produce
carbohydrate and chlorophyll for the algae at the pond bottom. Kalium (K) content within the
brackishwater soil can be employed to predict productivity of algae at the pond bottom.
Calculation of Kalium (K) content in the brackishwater soil ranges from 0.03 to 7.77 me/100
g (3.71 £2.28). Value of Kalium (K) held within the the brackishwater soil is quite high for
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shrimp farming, while the suitable value shall be between 0.5 and 1.0 me/100 g (> 500 mg/I)
(Boyd, et al., 2002, .Widigdo, 2002; Hasnawi and Mustafa, 2010).).

Calcium (Ca)

Calcium (Ca) availability will directly affect shrimp quality and moulting process living in
the pond. This Calcium (Ca) element will be utilized by algae of pond bottom in Ca™™.
Calculation of Calcium (Ca) content held within the soil ranges from 2.95 to 89.46 me/100 g
(32.60 +£25.78). Accordingly, the value for brackishwater shrimp farming is higher than the
expected value ranging from 5.0 to 20.0 me/100 g ( >1.200 mg/l) (Poernomo, 1992; Widigdo,
2002).

Natrium (Na)

Increasing Natrium (Na) element in the soil can change brackishwater soil structure and
affect the growth of the cultivated commodity (Giap et al., 2005). According to the
calculation of Natrium (Na) content held within the brackishwater soil, the value ranges from
3.95 to 148.65 me/100 g (38.22 +=37.14). The value is quite high for brackishwater shrimp
farming, while the recommended value shall be between 0.7 and 1.0 me/100 g. (Poernomo,
1992; Widigdo, 2002).

Magnesium (Mg)

According to macronutrient analysis result, Magnesium (Mg) is ranging from 4.67 to 67.14
me/100g (22.44 £13.53). Such Magnesium element value for brackishwater shrimp farming
is higher than the recommended value ranging between 1.0 and 8.0 me/100 g (> 500 mg/l)
(Poernomo, 1992 ;Widigdo, 2002).

3.10 Nitrogen (N-Total)

Nitrogen content constitutes one of brackishwater soil fertility signs; meaning that the higher
nitrogen content, the faster growth of algae at the pond bottom (Soepardi, 1983; Effendi,
2003; Hanafiah, 2004). Calculation of nitrogen content (N-total) held within the
brackishwater soil ranges from 0.00 to 0.75% (0.21 +0.19). Nitrogen (N-total) content in the
brackishwater soil is considered as low or less fertile. The value is lower than the
recommended value 0.40-0.70% (Poernomo, 1992; Widigdo, 2002, Anuar, et al., 2008).).
Accordingly, soil treatment is still necessary as well fertilization to increase nitrogen (N-total)
content in soil Hazelton, and Murphy, 2009).

3.11 Phosphor (P20s)

The analysis result of phosphor (P2Os) content held within the brackishwater soil ranges from
0.00 to 546.76 mg/l (180.03 =+ 152.84). Accordingly, phosphor (P,Os) content in
brackishwater ponds of Takalar Regency coastal areas, especially in Mangara Bombang
Sub-district, is quite high. Suitable phosphor content shall range from 30 to 60 mg/l. By
having such condition, phosphate availability in brackishwater pond is higher than 60 mg/I,
and it is considered as slight or suitable, and limit factors is easily handled (Hajek, and Boyd,
1994; Chen and Chin 1998; Karthik et al., 2005).
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4. Conclusion and Suggestion
4.1 Conclusion

In general, the analysis result of soil quality parameters for brackishwater ponds in Takalar
Regency coastal areas, especially in Mangara Bombang Sub-district is highly qualified to
promote brackishwater shrimp farming in conformity with soil quality criteria (Poernomo,
1992; Boyd and Musig, 1992; llyas et al., 1997; Baliao, 2000; Widigdo, 2002; Taslihat et al.
2003; Mustafa et al. 2004)

4.2 Suggestion

It needs further research on suitability and carrying capacity for shrimp farming development
in Takalar Regency coastal areas.
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