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Abstract: This research aims to analyze the physical and chemical characteristics of wet soils in tidal swamp
ecosystems and their implications for sustainable agriculture in South Kalimantan. Tidal marshlands have great
potential to be developed as agricultural land, but specific soil conditions require proper management. The results
showed that soils in tidal marsh ecosystems are generally clay-textured with high moisture content and low
porosity, which affects soil drainage and aeration. Moderately high organic matter content (3-7%) is a positive
factor for soil fertility, but soil acidity (pH 4.5-5.5) and high sulfate content pose challenges for agriculture. Soil
acidity potentially inhibits the availability of essential nutrients such as phosphorus and increases aluminum
toxicity. The potential formation of acid sulfate soils also requires careful management to prevent further soil
degradation.
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1. INTRODUCTION
Wetland ecosystems have an important role in supporting biodiversity, hydrological

regulation, and climate change mitigation through significant carbon storage. Wetlands are
one of the most biodiverse ecosystems, hosting many species, especially birds ( Bobbink et
al., 2006) . In Indonesia, tidal swamps, especially in South Kalimantan, are potential natural
resources to be developed as agricultural land. They act as nurseries for aquatic life,
increasing fish populations in adjacent waters (Bobbink et al., 2006) . However, the main
challenge in utilizing this ecosystem is the physical and chemical characteristics of the soil
which are different from conventional soil.

Wet soils in swamp ecosystems are usually acidic. The acidity of wetlands can affect
aquatic biota and agricultural productivity, requiring interventions such as liming to improve
soil conditions ( Abdi, 2024) . poor drainage , and high organic matter content. Liming not
only increases soil pH but also improves physical properties such as porosity and density,
which are essential for plant growth ( Abdi, 2024) . These conditions require specific land
management strategies to support sustainable agricultural productivity. The food-energy-
water nexus approach emphasizes resource interconnectedness, advocating practices that
improve soil health and reduce environmental footprint ( Dey et al., 2024) .

In the tidal swamp areas of South Kalimantan, wetlands are significantly affected by

water fluctuations, which cause periodic changes in soil quality. The physical characteristics
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of these soils, including texture, structure, and water retention capacity, are critical for
agricultural suitability. However, chemical properties, especially soil pH and nutrient
content, present major challenges for local farmers. Studies have shown that soil pH tends to
decrease over time, which can worsen acidity and negatively impact nutrient availability (
Hikmatullah , 2015 ) . In addition, low availability of essential macronutrients such as
nitrogen, phosphorus, and potassium is a critical issue, as these nutrients are essential for
plant health and agricultural productivity ( T. Defoer , 2000 ). Peat decomposition, which
occurs in these areas, produces a fibrous stage that further limits nutrient availability and
contributes to poor drainage conditions ( Eric Blanchart , 2005 ).

Regular soil testing and analysis is essential for farmers to make informed decisions
regarding soil management and crop selection, helping to mitigate the adverse effects of
these challenging soil conditions ( FX Suryadi , 2020 ). Thus, addressing these factors is
critical to improving agricultural yields in the region.

The viability of wetland agriculture is significantly influenced by physical and
chemical properties. Soil texture and structure, which determine the arrangement and size of
soil particles, are critical to water retention and drainage capabilities. These characteristics
directly affect the soil's ability to support plant growth amid fluctuating water levels ( Yudha
Hadiyanto Eka Saputra ,2022 ). In addition, nutrient content, especially the availability of
macronutrients such as nitrogen, phosphorus, and potassium, is very important for plant
health. Unfortunately, tidal swamp soils often show low nutrient availability, presenting a
major challenge for local farmers ( Rony Riduan , 2019 ). In addition, acidic soil conditions
can further complicate agricultural practices by limiting nutrient accessibility and disrupting
beneficial microbial communities ( Ani Susilawati ,2017 ). Understanding these interrelated
factors is critical for farmers in South Kalimantan to develop effective soil management
strategies that enhance agricultural productivity. By conducting thorough soil testing and
analysis, farmers can make informed decisions regarding crop selection and irrigation
practices, ultimately increasing their resilience to the challenges posed by dynamic wetland
environments ( Z. Multazam ,2023 ).

Agriculture in wetland areas faces significant environmental threats, including land
degradation and conversion of natural ecosystems to agricultural land, which are exacerbated
by global climate change. However, wetland ecosystems play a vital role in reducing
greenhouse gas emissions due to their capacity for carbon storage, making them vital in

combating climate change ( Stephen Crooks ,2014). Wetlands, especially those with
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vegetation such as Phragmites australis, can act as significant carbon sinks, capturing and
storing carbon dioxide, which is important for reducing atmospheric greenhouse gases (
Chao Zhou ,2018 ). To address these challenges, agriculture in tidal wetlands must adopt
sustainable agricultural practices that align economic productivity with environmental
health. This approach is essential to ensure that agricultural activities do not compromise the
ecological functions of wetlands, which provide essential services such as carbon
sequestration and support for biodiversity ( Hoang Trung Thanh ,2015 ). By implementing
sustainable methods tailored to the unique conditions of wetland ecosystems, it is possible
to maintain the viability of agriculture while preserving the integrity of this vital environment
( M Rezaul ,2005).

. LITERATURE REVIEW
Swamp Ecosystems and Their Ecological Functions

Swamp ecosystem is one of the wetland ecosystems that is very important in
maintaining global ecological balance. According to Mitsch and Gosselink (2015), swamp
ecosystem plays a role in carbon absorption and storage, hydrological cycle, and provides
habitat for various species of flora and fauna. This ecological function is very important,
especially in facing global climate change. Tidal swamps, which are influenced by sea and
land water fluctuations, have their own characteristics that distinguish them from other
wetlands. These swamps also play a role in reducing the impact of natural disasters such as
floods and erosion, through their ability to absorb excess water (Keddy, 2010). Therefore,
management of swamp ecosystems must consider the sustainability of their ecological
functions while utilizing their economic potential.

Physical Characteristics of Tidal Swamp Soil

The physical characteristics of the soil in the tidal swamp ecosystem are greatly
influenced by the level of water saturation and soil texture. According to Luthin (2018), the
soil texture commonly found in tidal swamps is clay or sandy clay, with a high water
retention capacity, but poor drainage. . Constant water saturation creates anaerobic
conditions, which can limit plant growth and reduce the mineralization of organic matter.
Research by Andriesse (1988) shows that tidal swamp soils in Indonesia tend to have a layer
of pyrite below the surface, which can be toxic to plants if oxidized. Therefore,
understanding the physical characteristics of soil is very important in designing effective

land management strategies.
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Chemical Characteristics of Tidal Swamp Soil

In addition to physical characteristics, the chemical properties of tidal swamp soil also
play an important role in determining soil fertility. One of the main challenges in swamp
farming is high soil acidity (low pH) due to the slow decomposition of organic matter in
anaerobic conditions (Ritzema et al., 2010). This acidic nature is exacerbated by the presence
of iron and aluminum content that can bind phosphorus, thereby reducing the availability of
nutrients for plants (Ponnamperuma, 1972). Based on research by Suryadi (2014), tidal
swamp soil in South Kalimantan is also rich in organic matter, but the availability of
nitrogen, phosphorus, and potassium is often low, requiring appropriate fertilizer input to
support agricultural productivity. Chemical soil management approaches, such as liming or
application of ameliorants, can help neutralize soil acidity and increase nutrient availability.
Agriculture in Tidal Swamp Land

Tidal swamp land has long been used for agriculture, especially in Indonesia, with
main commodities such as rice. However, a major challenge in developing agriculture on
this land is the soil characteristics that do not support optimal plant growth. According to
Widjaja-Adhi (2013), for To achieve agricultural sustainability in swampy areas, innovation
in water and soil management technology is needed. Good irrigation and drainage systems,
as well as proper management of fertilizer inputs, can increase the productivity of swampy
areas. On the other hand, research by Noor et al. (2005) shows that without good
management, swamp land tends to experience decreased fertility due to the oxidation process
of pyrite and the accumulation of toxic compounds such as iron and sulfate.
Sustainable Agriculture in Tidal Swamps

Sustainable agriculture in tidal swamps is an important concern in order to support
food security and maintain environmental sustainability. According to Pretty (2008), the
principle of sustainable agriculture is to maintain a balance between economic productivity,
environmental sustainability, and social sustainability. In tidal swamp ecosystems,
agricultural sustainability does not only depend on production results, but also on how the
impact of agriculture on swamp ecosystems can be minimized. Research by Haryono and
Noor (2017) suggests an integrated agricultural approach involving crop rotation,
agroforestry, and the use of local plants that are adaptive to wetland conditions. Thus, this
approach can increase agricultural productivity while preserving swamp ecosystems.
Previous Studies on the Characteristics of Swamp Land in South Kalimantan

Studies on swamp land in South Kalimantan have been conducted by several

researchers, such as Noor et al. (2005) who analyzed changes in physical and chemical
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characteristics of soil due to the influence of tidal water. This study shows that soil
characteristics are greatly influenced by tidal fluctuations which cause variations in water
saturation levels and soil quality. Another study by Haryono (2012) also emphasized the
importance of an adaptive approach to land management in this area, considering the great
agricultural potential but accompanied by complex environmental challenges. These studies
form the basis for further research in understanding the specific characteristics of wetlands

in the tidal swamp ecosystem of South Kalimantan.

. METHOD
This study is a quantitative descriptive study that aims to identify and analyze the

physical and chemical characteristics of wetlands in tidal swamp ecosystems. The study was
conducted in tidal swamp areas in South Kalimantan. The selection of the location was based
on the geographical and ecological characteristics of the area, which is an area with extensive
wetlands and has great potential for tidal agriculture. The study population was the entire
tidal swamp area in South Kalimantan with purposive sampling at several representative
points in the swamp ecosystem, taking into account tidal variations and soil conditions at
each location. Each sample location will be tested separately to ensure that the data obtained

reflects different characteristics.

. RESULTS AND DISCUSSION
The research results describe the condition of wetlands in the area, both from physical

and chemical aspects, as well as their implications for agricultural potential in tidal swamps.

Physical Characteristics of Soil

a. Soil Texture: The analysis results show that the soil in tidal swamps in South Kalimantan
generally has a clay to sandy clay texture. This texture affects the soil's ability to store
water and support soil aeration. Clay has a high capacity to hold water, but can also
inhibit good drainage if not managed properly.

b. Water Content and Porosity: The water content of the soil in tidal swamps is relatively
high, especially in the surface layer of the soil (0-20 cm), due to the influence of the
tides. Soil porosity, which is related to the ability of the soil to absorb water and air,
shows variation among sample locations, but in general the soil has low porosity which
can cause anaerobic conditions, especially in areas with poor drainage.

c. Soil Specific Gravity: Soil specific gravity ranges from 1.2 to 1.5 g/cm3, which is in
accordance with wet, clay-textured soil conditions. Soils with lower specific gravity tend



6

PHYSICAL AND CHEMICAL CHARACTERISTICS OF WET SOIL IN SWAMP ECOSYSTEMS:
IMPLICATIONS FOR SUSTAINABLE AGRICULTURE OF TIDAL SWAMPS IN SOUTH KALIMANTAN

to have higher organic matter content , and this is an important factor in maintaining soil

fertility.

Soil Chemical Characteristics

a.

pH : The soil pH in tidal swamps tends to be acidic, with pH values ranging from 4.5 to
5.5. This acidic soil reduces the availability of important nutrients such as phosphorus
(P) and potassium (K), and has the potential to increase aluminum (Al) levels which are
toxic to plants. Some locations also show the potential for pyrite oxidation which can
lower the pH further and cause the soil to become very acidic if not managed properly.
Organic Matter: The organic matter content in tidal swamps is relatively high, ranging
from 3% to 7%. This provides benefits for agriculture because organic matter plays a
role in improving soil structure, providing nutrients, and increasing the soil's capacity to
store water.

Nutrient Content (N, P, K): Nitrogen (N) in the soil is sufficient to support plant growth,
but phosphorus (P) levels tend to be low, most likely due to the acidic soil pH, which
makes P unavailable to plants. Potassium (K) is also quite low in some areas, indicating
the need for better fertilizer management to maintain soil fertility.

Sulfate and Pyrite Content: The results of the study showed high sulfate content in
several locations, indicating the potential for the formation of acid sulfate soil if pyrite
oxidation occurs. Land with this potential needs to be managed properly through
drainage systems and tidal regulation so as not to cause soil degradation.

Implications for Sustainable Agriculture

a.

Acidic Soil Constraints: Soil that tends to be acidic is one of the main constraints in the
development of sustainable agriculture in tidal swamps. Food crops cultivated in these
lands require intensive management, including the addition of lime (amelioration) to
increase soil pH, as well as balanced fertilizer applications to improve nutrient
availability.

High Organic Matter Content: The high levels of organic matter in swampy areas are a
very positive potential for agricultural sustainability. Good management of organic
matter, such as through the application of green manure and crop residues, can maintain
long-term soil fertility and increase crop productivity.

Drainage and Water Management: Optimal water management, either through a good
drainage system or tidal regulation, is essential to prevent anaerobic conditions that are
detrimental to plants and to reduce the risk of pyrite oxidation which can cause the soil

to become too acidic.
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d. Sustainable Agriculture: To maintain sustainable agriculture in tidal swamps, an
integrated management strategy is needed, including soil pH management, balanced
fertilization, and efficient water management. Agriculture in this area can take
advantage of the characteristics of wetlands, but also requires special attention to
existing challenges such as the potential for acid sulfate soils and fertility problems
hampered by low pH.

This study shows that the physical and chemical characteristics of the soil in tidal
swamp land in South Kalimantan provide great opportunities for sustainable agriculture,
provided that it is well managed. Proper management of soil pH, drainage, and balanced
fertilization will play an important role in supporting the productivity of this land. In
addition, the high organic matter is a potential that can be utilized to improve soil structure
and support the sustainability of agriculture in the future.

. DISCUSSION
Based on the results of research on the physical and chemical characteristics of soil in

tidal swamps in South Kalimantan, the implications for sustainable agriculture can be
discussed in more depth.

Physical Characteristics of Soil and Its Impact on Agriculture

a. Soil Texture

The soil in tidal swamp ecosystems, which is generally clay to sandy clay in
texture, has significant implications for the agricultural system in the area. Clay soil
texture has excellent water retention capacity, which can be an advantage for swampy
areas that tend to experience flooding. However, clay soil texture also presents
challenges in terms of aeration and drainage, especially in the rainy season or during
high tide periods.

Implications for Agriculture: Excess water and lack of oxygen in the soil can affect
plant root growth. Plants that are intolerant of anaerobic conditions may experience
stunted growth. Therefore, drainage management and planting of waterlogged tolerant
crops should be an important part of the agricultural strategy in these areas.

b. Water Content and Porosity

Low soil porosity and high water content indicate that the soil in swampy areas
tends to be in a saturated condition. This is in line with the characteristics of tidal
swamps which are influenced by tidal fluctuations. This saturated soil has significant

implications for plants, especially those that require good drainage conditions.
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Implications for Agriculture : Rice, which is adaptive to wetland conditions, is
suitable for cultivation in this area. However, for other crops such as corn or soybeans,
which require good drainage, a more intensive drainage system is needed to avoid water
saturation which can interfere with plant growth.

Soil Specific Gravity

A relatively low soil density (1.2 -1.5 g/cm3) indicates a fairly high organic matter
content, especially in the surface layer. Soil with a low specific gravity usually has a
looser structure, facilitating plant root penetration and water movement. High organic
matter content also plays a role in increasing the soil's capacity to store water and
nutrients.

Implications for Agriculture : The high organic matter content is one of the
strengths of the soil in this swamp land, because it functions as a buffer against soil
degradation and increases soil fertility. The use of compost or additional organic

fertilizers can further improve the quality of this soil.

Soil Chemical Characteristics and Fertility Challenges

a.

Acidic Soil pH

One of the important findings of this study is the condition of soil pH which tends
to be acidic (pH 4.5 -5.5). Acidic soil has major implications for plant growth because
it can inhibit the availability of nutrients, especially phosphorus (P), which is often
bound and unavailable to plants at low pH. In addition, soil acidity can increase the
solubility of toxic elements such as aluminum (Al), which is detrimental to plant growth.

Implications for Agriculture : High soil acidity is a major constraint to successful
agriculture in this swampy area. To overcome this, soil amelioration through lime
application can be an effective strategy. Liming aims to increase soil pH, improve
phosphorus availability, and reduce aluminum toxicity. Farmers in this area can also
choose plant varieties that are more tolerant to low pH conditions.
Organic Ingredients Content

The relatively high organic matter content (3-7%) in tidal swamps is a positive
factor that supports soil fertility. Organic matter plays a role in improving soil structure,
water capacity, and as a source of nutrients for soil microorganisms that support the
nutrient cycle.

Implications for Agriculture : Sustainable agriculture in these swamplands can
utilize organic matter by retaining crop residues, using green manures, and practicing

sustainable land management. The high organic matter content also reduces the need for
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synthetic fertilizer inputs, thus supporting an environmentally friendly agricultural
approach.
c. Sulfate Content and Potential of Acid Sulfate Soil

High sulfate content in some locations raises concerns about the potential for the
formation of acid sulfate soils. If acid sulfate soils are formed through the oxidation of
pyrite due to soil drying, this can drastically increase soil acidity (pH <3) and affect soil
fertility and water quality.

Implications for Agriculture To avoid the formation of acid sulfate soils, careful
water management is essential. Tidal and drainage systems must be well controlled to
prevent pyrite oxidation. The use of soil amelioration techniques such as lime or gypsum
applications can also reduce the negative impacts of potential acid sulfate soils.

Relationship between Soil Characteristics and Sustainable Agriculture

This study emphasizes the importance of specific soil management strategies to
address the unique conditions of tidal wetlands. Sustainability of agriculture in this region is
highly dependent on the ability to properly manage the physical and chemical conditions of
the soil. Some strategies that can be considered are:

a. Utilization of Organic Materials : Managing plant waste and organic materials as natural
fertilizers to maintain soil quality.

b. Efficient Water Management : Regulate tidal and drainage systems to avoid water
saturation and sulfate oxidation that can potentially cause soil degradation.

c. Liming: Soil amelioration to raise pH and increase nutrient availability, as well as reduce
the potential for aluminum toxicity.

The physical and chemical characteristics of wetlands in tidal swamp ecosystems in
South Kalimantan provide unique challenges and opportunities for sustainable agriculture.
Wise management of acidic soil conditions, potential acid sulfate soils, and excess water are
essential to support crop productivity and the sustainability of agricultural systems in this
region. A combination of water management techniques, liming, and sustainable use of

organic matter will provide solutions for agriculture in tidal swamp areas.
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