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ABSTRACT 
 

Floating agriculture, which utilizes local vegetation as a growing medium, is an adaptive innovation that enables 
year-round crop cultivation in the waterlogged conditions of lowland swamp ecosystems. However, the long-term 
capacity of these organic media to supply phosphorus (P), a critical nutrient, remains inadequately quantified. This 
study evaluated the phosphorus-supplying capacity of growing media of different ages (1 and 4 years) derived from 

identical vegetation sources. Media samples were collected from a 0–20 cm depth in two distinct cultivation systems: 

one year old media used for mustard greens (Brassica juncea L.) and four year old media used for eggplant (Solanum 
melongena L.). Analysis of chemical parameters (pH, available P, total P, and organic C) revealed that although the 

one year old media exhibited a higher pH (4.73–6.84) than the four year old media (4.34–6.05), available phosphorus 

showed no significant difference between them (1-year: 5.62–28.90 mg kg⁻¹; 4-year: 6.00–24.46 mg kg⁻¹). This 

indicates that the availability of phosphorus in these organic substrates is less strongly governed by pH than in 
mineral soils, which is in contrast to established mechanisms. Furthermore, the four year old media contained 

significantly higher levels of total P (158–1451 mg kg⁻¹) and organic C (29.7-–5.6 g kg⁻¹) than the one year old media 

(total P: 137–703 mg kg⁻¹; organic C: 4.7–29.7 g kg⁻¹). These findings demonstrate that local vegetation-based growing 

media in floating agriculture systems possess a sustainable capacity for phosphorus supply, supporting the long-
term viability of this cultivation approach in lowland swamp environments. 
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INTRODUCTION 
 

Indonesia possesses significant agricultural 
potential in its swamplands, which cover approximately 
9.5 million hectares, with approximately 4.5 million 
hectares suitable for development (Ministry of 
Agriculture Republic of Indonesia 2020). However, the 
utilization of this resource is severely constrained by 
extreme hydrological fluctuations, where water levels 
can rise by 1–3 m during the rainy season, thereby 
submerging conventional crops and disrupting soil 
nutrient cycles (Fahmid et al. 2022; Noor & Sosiawan 
2019). These conditions necessitate innovative 
cultivation technologies that can circumvent 
waterlogging problems while harnessing the inherent 
fertility of the swamp ecosystem. By adopting such 
targeted technological approaches, these 
swamplands, once perceived as a major constraint, 

can be transformed into a promising alternative food 
source, ultimately bolstering national food security. 

The floating agriculture system represents a proven 
adaptive innovation designed to mitigate the 
challenges of high water levels in lowland swamp 
ecosystems. In Indonesian swamps, water depths 
often exceed 100 cm for up to six months per year, and 
various aquatic vegetation, such as water hyacinth 
(Eichhornia crassipes), mimosa (Neptunia oleracea), 
and water lettuce (Salvinia molesta), thrive unchecked, 
typically being regarded as invasive plants. The floating 
farming system, historically implemented in 
Bangladesh for over two centuries with documented 
sustainability and stable productivity, enables 
continuous crop cultivation throughout the year, 
unaffected by water-level fluctuations that can exceed 
1–3 m during rainy seasons (Bala et al. 2020; Irfanullah 
et al. 2008). The use of floating rafts constructed from 
this aquatic vegetation offers a dual solution: 
overcoming the limitations of cultivation in permanently 
inundated swamps while simultaneously addressing 
the proliferation of invasive plants. The technology 
utilizes buoyant beds assembled from locally available 
organic materials, such as water hyacinth and other 
aquatic plants, which are then layered with organic 
growing media. Successfully adapted by Indonesian 
farmers for horticultural production in swamp 
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environments (Siaga et al. 2018; Wulandari et al. 
2024), this approach provides significant advantages, 
including effective water stress management, efficient 
utilization of natural aquatic nutrients, and maintenance 
of the integrity of the swamp ecosystem. Consequently, 
floating agriculture serves not merely as a practical 
response to waterlogging constraints, but as a 
transformative, nature nature-based strategy that turns 
ecological nuisances into productive assets. By 
integrating indigenous knowledge with sustainable 
design, this system offers a replicable model for 
climate-resilient farming in other flood-prone regions, 
turning the challenge of persistent inundation into an 
opportunity for year-round food production. 

The success of a floating raft farming system is 
determined by the ability of the plant medium to provide 
nitrogen, phosphorus, and potassium in readily 
available forms and quantities sufficient to support 
agriculture. Phosphorus (P) is a key component in 
energy transfer via adenosine triphosphate (ATP), 
driving root system development, and stimulating vital 
processes such as flowering, fruiting, and seed 
formation (Hawkesford et al. 2023). A deficiency in 
phosphorus manifests as clear physiological 
symptoms, including chlorosis evident in the yellowing 
of older leaves and significant retardation of overall 
plant growth (Reed 2019).  Within the specific context 
of floating farming systems that rely on organic growing 
media, ensuring adequate phosphorus availability is 
particularly crucial because of the inherently low 
mineral phosphorus content in organic matter. 
Consequently, the selection and management of these 
organic substrates must prioritize a consistent and 
sustainable supply of phosphorus, facilitated by 
appropriate mineralization processes, to support crop 
productivity over multiple cultivation cycles. 

In floating agriculture systems, plant nutrition 
fundamentally depends on the mineralization of 
organic growing media to release essential nutrients. 
This nutrient-release capacity is governed by the 
quality of the organic matter, which dictates the rate 
and efficiency of decomposition under stable 
environmental conditions (Marzi et al. 2020; Sarma et 
al. 2017). Amending soils with organic materials, such 
as crop residues and manure, enhances the quality of 
soil organic matter and subsequently increases P 
availability by releasing organic phosphate compounds 
during mineralization (Grzyb et al. 2020; Jindo et al. 
2023). While the role of organic matter in supplying 
phosphorus has been well studied in conventional soils 
(Amadou et al. 2022; Rawal et al. 2022), the dynamics 
of available P in the floating media of different ages 
remain poorly understood. Understanding the ability of 
floating media of different ages to supply available 
phosphorus is essential for ensuring that floating 
farming systems serve as reliable long-term platforms 
for plant cultivation. Therefore, this study aimed to 
quantify the available phosphorus in organic growing 
media derived from similar vegetation but differing in 

age (1 and 4 years). These findings are expected to 
offer critical insights into the long-term viability of 
organic substrates in floating systems, particularly 
regarding sustainable phosphorus supply for crop 
production in swamp environments. 
 
 

METHODS 
 

Study Site 
This study was conducted in the lowland swamp 

ecosystem of Parigi Village, Daha Selatan District, Hulu 
Sungai Selatan Regency, South Kalimantan Province, 
Indonesia (2.638478° S, 115.080289° E). The site 
exhibits a distinct tropical wet climate, with annual 
rainfall (2020–2024) ranging from 1917 to 2754 mm 
distributed across 108-126 rainy days. A clear seasonal 
pattern characterizes the rainfall regime: the wettest 
period occurs from December to March, with monthly 
precipitation averaging 300-400 mm, whereas June to 
August represents a drier period with only 80–100 mm 
monthly. Temperature fluctuations are moderate, with 
daily averages ranging from 22°C to 34°C, peaking 
between September and October. The region 
maintains consistently high relative humidity (88–89%) 
throughout the year, contributing to perpetually 
saturated soil conditions. Notably, the swamp remains 
permanently inundated, with water levels fluctuating 
seasonally from 1–2 m during dry periods to 2–3 m in 
the rainy season, ensuring that the ecosystem never 
experiences complete desiccation. 

This study was conducted using floating rafts of two 
different ages (one year and four years) to examine 
temporal variations in the system. The two floating 
media are situated close to each other, providing an 
identical hydrological background. The one year old 
floating media, made from fresh aquatic vegetation, 
represents a relatively young growing medium. In 
contrast, several studies have shown that organic 
matter eventually becomes exhausted and can no 
longer provide nutrients through microbial 
decomposition (Čapek et al. 2021; Hicks et al. 2021). 
Therefore, four-year old floating media, constructed 
from the same aquatic vegetation and layered structure 
as the one year media, were used as a comparison. 
Notably, these older rafts were replenished annually 
with the same type of organic matter used at the time 
of their manufacture. Both floating media systems 
receive neither inorganic fertilizer nor any nutrient 
replenishment beyond the annual addition of biomass. 
This annual replenishment allowed us to assess the 
ability of older floating media to continue supplying 
available phosphorus to support plant growth. 
Comparing rafts of different ages under identical 
replenishment regimes provides critical insight into the 
long-term nutrient dynamics of floating raft systems, 
thereby informing sustainable management practices 
for cultivation in swampland ecosystems. 
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Each raft was constructed using 15 bamboo poles 
measuring 13 m in length and 1.5 m in width, forming 
the fundamental floating structure and support base for 
the planting media. The bamboo poles were arranged 
in a crosswise pattern and securely fastened with nylon 
and rubber ropes to ensure the structural stability. A 
burlap sack was layered over the bamboo framework 
to create a contained planting bed foundation for the 
organic growing medium. 

The one year and four years old floating rafts 
employed an identical layered structure for their 
growing media. The base layer, approximately 15 cm 
thick, consisted of fresh stems and roots of Neptunia 
oleracea placed directly atop the burlap sack. 
Subsequently, a second 15 cm layer composed 
exclusively of Neptunia oleracea roots was added. 
Finally, a third layer of similar thickness (15 cm) 
containing a mixture of Eichhornia crassipes and Pistia 
stratiotes completed the media structure. This 
assembled medium was then allowed to decompose in 
an open environment for three weeks, during which it 
settled to a total thickness of 20–25 cm. To maintain 
this optimal depth, annual replenishment with organic 
matter from Eichhornia crassipes and Pistia stratiotes 
is performed. In terms of cultivation, the one-year-old 
raft was utilized for mustard greens (Brassica juncea 
L.), while the four-year-old raft supported eggplant 
(Solanum melongena L.) production.  

Both mustard greens and eggplants are horticultural 
crops with relatively short lifespans; mustard greens 
are harvested in 30–45 days, whereas eggplants 
require 45–75 days. Consequently, their overall 
nutrient requirements for growth are not significantly 
different from each other. Furthermore, the biomass 
(leaves and other plant tissues) of neither crop is 
returned to the growing medium; the medium receives 
additional organic matter only through annual 
replenishments. Therefore, any differences in 
phosphorus dynamics observed between the two 
growing media are more attributable to variations in 
organic matter content resulting from the age of the 
media than to differences in root system architecture. 
 
Sampling and Chemical Analysis of Growing Media 

Planting media samples were collected from five 
floating rafts for each age category (one year and four 
year old) using a purposive random sampling 
approach. The criteria for selecting floating rafts are 
twofold: all rafts must be constructed from the same 
aquatic vegetation, and each raft must possess an 
identically structured layer. Three sampling points were 
randomly selected from each raft, resulting in 15 media 
samples per age group. Randomization was performed 
under the following conditions: sampling points located 
on the edge of the raft were excluded, and sampling 
was conducted at the midpoint between two plants 
exhibiting relatively similar growth patterns. The 
sampling procedure involved extracting approximately 
300 g of planting media from each point using a soil 

drill, reaching a depth of 0–20 cm from the media 
surface. Following collection, all samples were 
carefully processed to remove plant roots, sealed in 
plastic sample bags, and transported to the laboratory 
in cooling boxes to preserve their integrity for 
subsequent analyses. 

In the laboratory, all planting media samples were 
consistently prepared and analyzed following 
established methodologies. The samples were air-
dried and ground to achieve a uniform particle size of 
≤2.0 mm. Soil pH was determined using the glass 
electrode method with a 1:5 soil-to-water ratio, followed 
by 30 min of shaking before measuring the suspension 
(McLean 1982). The organic carbon content was 
analyzed using the Walkley-Black method (Nelson & 
Sommers 1996). For phosphorus analysis, available 
phosphorus was extracted using Bray and Kurtz I 
solution and quantified spectrophotometrically 
(Jackson 1967), while total phosphorus was 
determined through digestion with 60% HClO₄, and the 
phosphorus content in the digest solution was 
measured spectrophotometrically at 660 nm (Olsen & 
Sommers 1982). These comprehensive analyses 
provided a complete characterization of the chemical 
properties of the planting medium samples. 
 
Statistical Analysis 

To assess the effect of growing medium age on 
phosphorus dynamics, a comparative analysis of 
various phosphorus parameters was conducted 
between one year and four year old floating rafts. 
Statistical evaluation was performed using a 
parametric Independent Samples T-Test, which is 
specifically designed to detect significant differences 
between two independent groups. This methodological 
approach provides objective verification of whether an 
extended usage duration alters phosphorus availability 
and transformation in the growing media. All statistical 
analyses were performed using the Statistical Package 
for the Social Sciences (IBM SPSS) Version 31, 
ensuring rigorous and standardized data processing for 
reliable interpretation of the results. 
 
 

RESULTS AND DISCUSSION 
 

Chemical Characteristics of Organic Materials 
Used as Growing Media  

The growing media used in this study were 
prepared from three aquatic plant species: Pistia 
stratiotes, Eichhornia crassipes, and Neptunia 
oleracea. These substrates exhibited a relatively 
uniform chemical composition, with organic-C, total-N, 
and total-P contents ranging from 301–368 g kg⁻¹, 19–
20 g kg⁻¹, and 562–601 g kg⁻¹ (Table 1), respectively. 
Furthermore, the C/N ratios for all vegetation types fell 
within a narrow range of 15–18. This specific range is 
critical as it indicates that organic matter is prone to 

https://creativecommons.org/licenses/by-nc/4.0/


564                                                                            Vol. 31 (3): 561−570 
 

 
Copyright © 2026 by Authors, published by Indonesian Journal of Agricultural Sciences. 
This is an open-access article distributed under the CC-BY-NC 4.0 License 
(https://creativecommons.org/licenses/by-nc/4.0/) 

 

rapid decomposition and net mineralization. This 
finding aligns with established principles, which posit 
that organic materials with a C/N ratio of ≤18 typically 
undergo mineralization, whereas those with a ratio of 
≥20 tend to promote microbial immobilization of 
nutrients (Gale et al. 2006; Lazicki et al. 2020; 
Priatmadi et al. 2023). 

The interactive effects of vegetational 
characteristics play a crucial role in determining the 
stability and functional performance of growing media. 
Notably, Neptunia oleracea contained the highest lignin 
concentration (382 g kg⁻¹), whereas Eichhornia 
crassipes possessed the highest levels of cellulose 
(346 g kg⁻¹) and hemicellulose (265 g kg⁻¹) (Table 1), 
respectively. This compositional profile is critical from a 
decomposition standpoint, as lignin, a complex 
phenylpropane polymer, forms protective bonds with 
structural carbohydrates, thereby significantly limiting 
the decay rate of organic matter (Hall et al. 2020; Xia 
et al. 2021). The high lignin content of Neptunia 
oleracea confirms its suitability as the primary layer in 
floating raft media; its inherent resistance to 
decomposition prolongs the functional lifespan of the 
media, directly supporting the long-term sustainability 
of the cultivation system. In contrast, the top layer, 
composed of Pistia stratiotes and Eichhornia 
crassipes, contains relatively high amounts of cellulose 
and hemicellulose, rendering it more susceptible to 

rapid decomposition. Consequently, this stratified 
combination results in a growing medium where the 
bottom layer remains intact over time to serve as a 
stable physical support, while the top layer 
decomposes more readily to release essential nutrients 
for plant growth. This design not only optimizes the 
balance between medium longevity and nutrient 
availability, but also reduces the need for frequent 
replacement or external fertilization. 
 
Chemical Characteristics of Planting Media 

The results revealed a significant difference in 
acidity levels between the two growing media at 
different ages. The one year old media exhibited a 
higher pH, with values ranging from 4.73 to 6.84 and 
an average of 6.16, classifying it as slightly acidic, 
according to the Soil Research Centre (1983). In 
contrast, the four year old media was more acidic, with 
a pH range of 4.34–6.05 and an average of 4.88 
(Figure 1). This clear divergence demonstrates that the 
age of the organic growing media considerably 
influences its acidification over time. 

The significant decrease in pH observed in the four 
year old growing media compared to the one year old 
media was primarily attributed to the dynamic 
biochemical and physicochemical processes 
associated with prolonged organic matter 
decomposition. As the media ages and the organic 

Table 1 Characteristics of vegetation used as growing media in a floating agriculture system in tidal swamps 

Characteristics of Growing Media Pistia stratiotes Eichhornia crassipes Neptunia oleracea 

Organic C (g kg−1) 301.4 368.2 344.3 

Total N (g kg−1) 19.2 20.0 20.2 
C/N ratio 15.7 18.4 17.0 

Total P (g kg−1) 60.1 56.2 59.1 

Lignin (g kg−1) 178.4 67.5 381.5 

Selulosa (g kg−1) 212.2 346.4 200.5 

Hemiselulosa (mg kg−1) 16.7 264.7 0.1 

 

 

Figure 1 pH of planting media from floating farms in a lowland swamp, comparing 4-year-old and 1-year-old substrates. Mean 
pH values denoted by different letters differ significantly based on the t-test at p < 0.05. 
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matter reaches a more mature stage of decomposition, 
it generates various strong organic acids, including 
acetic, butyric, and fulvic acids, which subsequently 
dissociate and release H⁺ ions, thereby acidifying the 
medium (Bernard et al. 2022; Findlay 2021). This 
acidification phenomenon resulting from the 
breakdown of organic substrates is well documented in 
the literature, with similar pH declines reported in other 
studies on decomposing soil organic matter (Rukshana 
et al. 2011; Wang et al. 2013). 

The nitrification process represents a key 
biochemical mechanism driving the acidification of the 
growing medium over four years. This phenomenon is 
initiated when organic nitrogen is mineralized into 
ammonium (NH₄⁺), which is subsequently oxidized by 
microbes to nitrate (NO₃⁻) in a reaction that liberates 

protons (H⁺), thereby directly elevating acidity (Wang et 
al. 2020; Zhang et al. 2020).  As long as a sufficient 
supply of readily decomposable nitrogen substrates is 
maintained by the addition of organic matter, this acid-
producing cycle continues unabated. The resultant 
sustained release of H⁺ ions provides a fundamental 
explanation for the characteristically lower pH 
measured in the four year old growing medium. 

Analysis of the growing media revealed no 
significant difference in the available phosphorus 
content between the one year old and four year old 
media, as illustrated in Figure 2. The available 
phosphorus in the one year old media ranged from 5.62 
to 28.90 mg kg⁻¹ (average: 15.01 mg kg⁻¹), whereas 
the four year old media ranged from 6.00 to 24.46 mg 
kg⁻¹ (average: 15.42 mg kg⁻¹) (Figure 2). Notably, the 
mean available phosphorus content for both media 
ages fell within a classification considered very high 
(Soil Research Center 1983), indicating that the age of 
the media, up to four years, did not negatively impact 

the immediate bioavailability of phosphorus for plant 
uptake. 

The consistent availability of phosphorus in both the 
one year and four year old growing media is a direct 
consequence of their shared origin as pure organic 
matter devoid of mineral soil components. Since both 
media were derived from aquatic vegetation of identical 
composition, they possessed a similar C/P ratio below 
200, a critical threshold that favors net mineralization of 
phosphorus over immobilization. Organic matter with a 
C/P ratio <200 facilitates the release of plant-available 
phosphorus, whereas a ratio >300 typically leads to 
microbial immobilization, locking up the nutrients (Chen 
et al. 2022; Khan et al. 2025; Stevenson & Cole 
1999).While the decomposition dynamics differ 
between media ages and with rapid mineralization and 
concurrent microbial immobilization in the fresh one 
year old media versus a slower, sustained release from 
accumulated humus in the four year old media—these 
processes establish a dynamic equilibrium. This 
biological balance between mineralization and 
immobilization ultimately results in statistically similar 
levels of available phosphorus, underscoring that its 
availability in these organic systems is predominantly 
governed by microbial activity rather than chemical 
fixation (Achat et al. 2016).  

The exclusive organic composition of both growing 
media, devoid of soil mineral components, precluded 
the primary mechanism of phosphorus (P) fixation 
typically mediated by aluminium (Al), iron (Fe), or 
calcium (Ca) ions in mineral soils. The results 
demonstrated that, although a significant pH difference 
existed between the two media (Figure 1), their 
available phosphorus content did not differ significantly 
(Figure 2). This finding suggests that phosphorus 
availability in these organic substrates is less strongly 
controlled by pH than in mineral soils, where pH is the 

 

Figure 2 Available phosphorous of planting media from floating farms in a lowland swamp, comparing 4-year-old and 1-year-
old substrates. Mean available phosphorous values denoted by different letters differ significantly based on the t-test 
at p < 0.05. 
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primary determinant of P solubility (Barrow et al. 2020; 
Ding et al. 2020). The absence of mineral fixation 
mechanisms decouples P availability from acidity in this 
system. This characteristic is highly advantageous for 
long-term cultivation, as the availability of phosphorus 
remains stable and does not decline with the age of the 
medium, thereby supporting the sustainable use of 
these organic substrates for extended plant production 
cycles. 

The analysis of total phosphorus revealed a distinct 
accumulation in the older growing medium, with the 
four year old medium containing a higher average total 
phosphorus content (581 mg kg⁻¹) than the one year 
old medium (496 mg kg⁻¹) (Figure 3). The measured 
ranges were 158–1451 mg kg⁻¹ for the four year old 

media and 137–1703 mg kg⁻¹ for the one year old 
media (Figure 3). Notably, despite this difference in 
concentration, the total phosphorus content in both 
media was classified as high according to the soil 
property assessment criteria of the Soil Research 
Centre (1983). This indicates that both substrates 
possess a substantial reservoir of phosphorus, with 
older media showing greater accumulation over time. 

The lower total phosphorus content observed in the 
one-year-old growing media was directly linked to the 
cumulative export of phosphorus through repeated 
harvests of the pak choy crop. Pak choy, an annual 
vegetable with a short life cycle (30–45 days), shallow 
root system, and limited biomass return, constitutes an 
extractive system that removes phosphorus without 
sufficient compensatory input. Without adequate 
fertilization to replenish this loss, the total phosphorus 
pool in the medium inevitably declines over time. This 
phenomenon is well established in agricultural science; 
the removal of plant biomass is a primary pathway for 
phosphorus export from a cultivation system, leading to 
a negative phosphorus balance when outputs exceed 
inputs. This results in a significant drawdown of soil 
phosphorus reserves over time, as demonstrated by 

long-term studies (Blake et al. 2000; Rowe et al. 2016). 
Consequently, in any cropping system where 
phosphorus off-take consistently surpasses its 
replenishment, a negative nutrient balance accrues, 
ultimately depleting the total phosphorus content, a 
principle further supported by recent research (Magaya 
et al. 2025; Margenot et al. 2024).  

The analysis revealed a clear accumulation of 
organic carbon over time, with the four year old planting 
media exhibiting a significantly higher organic carbon 
content than the one year old media. Quantitatively, the 
one year old media had an organic C content ranging 
from 4.7 to 29.7 g kg⁻¹ (average: 19.5 g kg⁻¹), whereas 
the four year old media showed a substantially greater 
range of 5.4–65.6 g kg⁻¹ with an average of 36.8 g kg⁻¹ 
(Figure 4). Notably, according to the soil chemical 
characteristic assessment criteria from the Soil 
Research Centre (1983), the organic C content in both 
media ages is classified as "very high." This indicates 
that while the four year old media underwent significant 
carbon accumulation, even the younger media 
maintained an excellent level of soil organic matter. 

The significantly higher organic carbon content 
observed in the four year old growing media compared 
to the one year old media is a direct result of the 
suppressed decomposition rate under the persistently 
anaerobic conditions of the swamp environment. Older 
media undergo a longer but incomplete decomposition 
cycle, as the oxygen-deficient environment significantly 
inhibits the activity of decomposer microorganisms. 
This phenomenon is primarily driven by anaerobiosis, 
which drastically slows organic matter mineralization. 
In wetland ecosystems, decomposition rates under 
anaerobic conditions are typically only 10-50% of those 
observed in aerobic environments (Mitsch & Gosselink 
2015). Consequently, organic matter accumulated over 
the four-year period does not fully decompose, leading 
to net accumulation of organic carbon. This suggests 
that the rate of organic matter breakdown was lower 

 

Figure 3 Total phosphorous of planting media from floating farms in a lowland swamp, comparing 4-year-old and 1-year-old 
substrates. Mean total phosphorous values denoted by different letters differ significantly based on the t-test at p < 
0.05. 
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than the rate of organic matter addition. Consequently, 
as long as the existing environmental conditions are 
maintained, long-term stabilization of organic carbon 
will occur. This finding supports the sustainability of 
floating raft systems with regular organic matter 
replenishment. This mechanism aligns with the 
established principle that organic matter buildup in 
wetlands is a function of an imbalance between input 
from primary productivity and output through 
decomposition, with oxygen limitation being the key 
factor that retards the latter process (Reddy et al. 
2022). Therefore, the extended duration of media in 
this anaerobic system directly facilitates greater 
sequestration of organic carbon.  

This unique anaerobic system cannot be replicated 
under different environmental conditions without 
adjustments. If this floating raft is implemented under 
conditions that are too dry, the growing medium will 
decompose further, potentially reducing its structural 
stability (Plaza-Bonilla et al. 2022). Conversely, if the 
system becomes overly anaerobic, organic matter 
mineralization proceeds very slowly, resulting in low 
nutrient availability for plant growth (Lin et al. 2021). 
Therefore, maintaining an optimal balance between 
aerobic and anaerobic conditions within the floating raft 
is essential to simultaneously preserve medium 
longevity and ensure an adequate nutrient supply for 
sustainable crop cultivation. In practice, site-specific 
water management is required to preserve the unique 
functionality of this system. The results of this study 
indicate that a growing medium used for more than four 
years can still function optimally to support plant 
growth. This sustained ability is attributable to the 
annual organic matter replenishment. Thus, regular 
organic matter addition can effectively extend the 
functional lifespan of floating raft media, ensuring long-
term productivity in swamp cultivation systems without 
complete replacement. 

Although one‑year‑old and four‑year‑old floating 
media were used to cultivate different crops—mustard 

greens on the one‑year media and eggplants on the 
four‑year media—the effect of crop type on organic 
carbon content in the floating media was negligible. 
Both plants have nearly the same ability to contribute 
to biomass as a carbon source, and their respective 
contributions are relatively similar, each providing very 
little biomass. Consequently, the primary source of 
organic matter in both floating media does not come 
from the crops themselves but from the annual external 
addition of organic matter to the growing medium. 
Therefore, differences in organic carbon content 
between media were more strongly influenced by 
media age than by crop type. 
 
 

CONCLUSION 
 

The pH of the one year old growing medium was 
higher than that of the four year old medium, 
attributable to biochemical and physicochemical 
processes that accumulate H⁺ ions in the older medium 
through prolonged organic matter decomposition and 
acid production. Despite this significant pH difference, 
the availability of phosphorus was similar in the two 
media. This indicates that in these organic substrates, 
phosphorus availability is not primarily governed by pH, 
in contrast to the established paradigm in mineral soil 
systems, where pH critically controls phosphorus 
solubility. Instead, phosphorus dynamics in both media 
are predominantly regulated by biological processes, 
specifically through the dynamic equilibrium between 
microbial mineralization and immobilization. 
Furthermore, the study revealed that the four year old 
medium contained higher total phosphorus and organic 
carbon content, where the slow decomposition rate 
under anaerobic conditions combined with continuous 
biomass input from long-cycle crops facilitated the 
accumulation of these elements. Collectively, these 
results demonstrate that swamp vegetation-based 

 

Figure 4 Organic carbon of planting media from floating farms in a lowland swamp, comparing 4-year-old and 1-year-old 
substrates. Mean organic carbon values denoted by different letters differ significantly based on the t-test at p < 0.05. 
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planting media can establish self-sustaining 
phosphorus dynamics that support plant growth, 
highlighting their potential for developing sustainable 
agricultural systems using floating raft technology in 
swamp ecosystems. 
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