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ABSTRACT 

Coastal wetland ecosystems provide critical interfaces between terrestrial and marine environments, 

where distinctive biogeochemical conditions shape soil fertility and nutrient cycling. This study 

investigated the spatial distribution of soil chemical properties and primary nutrient availability across 

five representative land use systems in Pokkali wetlands of Kerala, India: rice monoculture, prawn 

monoculture, integrated rice-prawn systems, fallow lands, and mangrove stands. Surface soil samples 

were collected from each land use system during the pre-monsoon period and analyzed for pH, electrical 

conductivity, organic carbon and available nitrogen, phosphorus, and potassium. The results revealed 

substantial variation in soil chemical properties across land uses, with rice monoculture exhibiting 

extremely acidic conditions (pH 3.54) and exceptionally high nitrogen and phosphorus levels, while the 

rice-prawn integrated system demonstrated near-neutral pH (6.36) and the highest potassium content. 

Prawn monoculture showed elevated salinity and potassium accumulation but remarkably low 

phosphorus availability. Mangrove ecosystems maintained moderately acidic conditions with 

intermediate nutrient levels, reflecting inherent conservation mechanisms, whereas fallow lands 

displayed progressive nutrient depletion, particularly in potassium. Organic carbon content remained 

statistically uniform across all systems, suggesting resilient carbon dynamics in Pokkali ecosystems 

despite diverse management practices. These findings emphasize that different land uses create distinct 

biogeochemical environments with unique nutrient management requirements, and no single system 

simultaneously optimizes all soil fertility parameters. The study provides crucial insights for developing 

land use-specific nutrient management strategies to enhance productivity while maintaining long-term 

soil health in these valuable coastal agroecosystems. 
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health 
  

 

Introduction 

Coastal wetland ecosystems represent critical 

interfaces between terrestrial and marine environments, 

where tidal inundation and seasonal rainfall create 

distinctive biogeochemical conditions (Vulliet et al., 

2024). Kerala's coastal plains, shaped by centuries of 

alluvial deposition, encompass a diverse and 

interconnected array of ecosystems, with the Pokkali 

lands found in the Thrissur, Ernakulam, and Alappuzha 

districts emerging as a quintessential model of 

integrated farming practices coexisting with ecological 

integrity. The Pokkali fields, a remarkable agricultural 

heritage of Kerala, exemplify a harmonious blend of 

rice cultivation and aquaculture uniquely adapted to the 

region's coastal environment, characterized by elevated 

salinity and periodic inundation (George et al., 2017). 

These fields represent climate-resilient food production 
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in tropical coastal zones, supporting saline-tolerant rice 

cultivation, brackish-water aquaculture, and natural 

ecosystems while providing essential services 

including biodiversity conservation, carbon 

sequestration, and coastal protection (Shaji et al., 

2024). For centuries, farmers have synchronized 

management with monsoon cycles: rice grows during 

the low-salinity monsoon phase, when freshwater 

dilutes salts, while prawn farming occurs during the 

dry-season high-salinity phase, when tidal exchange 

intensifies (Jose et al., 2023). Clarifying how nutrients 

fluctuate across different land uses, such as rice 

monoculture, prawn monoculture, integrated rice-

prawn systems, fallow lands, and mangrove stands, is 

essential for sustaining productivity while safeguarding 

ecosystem function under mounting environmental 

pressures. 

Each Pokkali land use presents a distinct 

biogeochemical template. During monsoon rice 

cultivation, flooded low-salinity conditions favour 

reductive dissolution, potentially elevating ammonium-

nitrogen and mobilizing phosphorus from iron and 

aluminium oxyhydroxides, while plant uptake and 

rhizosphere oxygenation locally re-oxidize surfaces 

(Jose et al., 2023). Dry-season prawn ponds experience 

saline inflows, feed inputs, and organic matter 

accumulation that enrich nutrient pools but increase 

stratification and hypoxia risks (Hu et al., 2022). 

Integrated rice-prawn systems may mediate between 

these extremes, with alternating hydrologies potentially 

enhancing the soil quality index (Sreelatha and Joseph, 

2019), nutrient recycling and retention relative to 

monocultures (MSSRF, 2021). Fallow plots serve as 

reference conditions, where inundation and tidal 

exchange occur without cultivation or aquaculture 

inputs, thereby isolating the hydrologic effects on 

baseline nutrient pools (Zhao et al., 2018). Mangrove 

stands function as biogeochemical hotspots that trap 

sediments, support high microbial activity through 

tannin-rich litter, and modulate salinity and nutrient 

export to adjacent plots (Shao et al., 2015). 

Essential plant nutrients, including nitrogen, 

phosphorus and potassium, respond sensitively to soil 

physicochemical conditions and environmental forcing 

(Ahmed et al., 2020). Nutrient stocks and 

stoichiometric ratios serve as integrative 

biogeochemical indicators across various scales. 

Management practices, including crop choice, residue 

retention, and organic amendments, shape soil organic 

carbon accumulation over longer horizons (Zhang et 

al., 2015). The magnitude and direction of changes 

should differ among land uses due to contrasting 

inundation patterns, redox conditions, and organic 

matter inputs, with long-term management practices 

superimposing persistent signals on seasonal 

fluctuations. This research investigates the distribution 

of chemical properties and availability of primary 

nutrients across five representative land uses rice 

monoculture, prawn monoculture, integrated rice-and-

prawn systems, fallow lands, and mangrove stands in 

Pokkali lands using common sampling design. These 

measurements capture direction and the degree to 

which land use mediates change and elucidate 

fundamental drivers of nutrient availability and soil 

health in complex coastal agroecosystems. 

Materials and Methods 

Study area and site characteristics 

The study was conducted in the Pokkali lands of 

Kerala, India (Figure 1), which are unique coastal 

wetlands characterized by their unique topography, 

tidal influence, and seasonal salinity fluctuations. The 

area traditionally follows an alternate rice and 

aquaculture practice under saline water influence. The 

region experiences a tropical monsoon climate with 

heavy rainfall during the southwest monsoon season 

(June–September) and a distinct dry season thereafter. 

The soils are hydromorphic in nature, influenced by 

tidal inundation and varying salinity levels. It is 

classified as coarse loamy over sandy, mixed, active, 

isohyperthermic typic Sulfaquepts (Nideesh, 2019). 

Five distinct land use systems traditionally practiced in 

the Pokkali ecosystem were selected from different 

Pokkali areas for the study: 

1. Rice monoculture (seasonal Pokkali paddy 

cultivation): Rice Research Station, Vyttila, 

Ernakulam 

2. Prawn monoculture (exclusive aquaculture 

system): Kodungallur, Thrissur 

3. Rice–prawn integrated system (rice cultivation 

practised organically during the low saline phase 

of monsoon (April - October), followed by saline 

aquaculture (November - March) when salinity 

increases): Kumbalangi, Ernakulam 

4. Fallow lands (uncultivated areas left idle for at 

least 5 years): Kadamkkudi, Ernakulam 

5. Mangrove (natural mangrove vegetation adjacent 

to the farming lands): Vallarpadam, Ernakulam 

Representative sites under each land use were 

identified based on an initial survey and the details 

collected from agricultural officers. 

Soil Sampling 

Soil samples were collected before the onset of 

the southwest monsoon during April- June (pre-
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monsoon) in the year 2023-24. From each land use 

system, representative lowland soil samples were 

collected from the surface layer (0–20 cm depth) using 

a soil auger. At least five random cores were taken 

from each land use system. The collected samples were 

analysed for different soil parameters. 

Laboratory Analysis 

The soil samples were analyzed for various 

chemical parameters, using standard laboratory 

methods. Soil pH was determined in a 1:2.5 soil-water 

suspension using a digital pH meter (Jackson, 1958). 

Electrical conductivity (EC) was measured in the same 

suspension using a conductivity bridge (Jackson, 

1958). Organic carbon (OC) content was estimated by 

the Walkley and Black (1934) wet oxidation method, 

and available nitrogen (N) was determined by the 

alkaline permanganate method (Subbiah and Asija, 

1956). Available phosphorus (P) was extracted using 

Bray I method (Bray and Kurtz, 1945) for acidic soils 

and the Olsen's method (Olsen et al, 1954) for basic 

soils, then determined colorimetrically by reduced 

molybdate ascorbic acid blue colour method 

(Watanabe and Olsen, 1965) using an ELICO SL177 

spectrophotometer. Available potassium (K) was 

extracted with neutral normal ammonium acetate and 

estimated by ELICO CL378 flame photometry 

(Jackson, 1958).  

Statistical Analysis  

The data obtained were subjected to CRD 

experimental analysis to assess the effect of the land 

uses on chemical properties and soil nutrient 

distribution. Statistical analyses were performed using 

GRAPES and R, and significance was tested at 5% 

level (p ≤ 0.05) (Gopinath et al., 2021).  

Results and Discussion 

The distribution of soil chemical properties and 

available primary nutrient contents is given in Table 1. 
 

Soil Chemical Properties 
The analysis of soil pH revealed substantial 

variation across the five land use systems examined in 

this study, with pH ranging from extremely acidic to 

near neutral conditions. Rice monoculture exhibited 

extremely acidic soil conditions with a pH of 3.54, 

which was statistically distinct from all other land uses. 

In contrast, the rice-prawn integrated system 

demonstrated the highest pH value of 6.36, followed 

closely by prawn monoculture at 5.74 and mangroves 

at 5.50. Fallow lands were very strongly acidic (pH - 

4.89). This progressive shift from acidic to near-neutral 

pH conditions represents a fundamental transformation 

in soil chemistry that has far-reaching implications for 

nutrient availability and biogeochemical processes. 

The extremely acidic conditions observed in rice 

monoculture systems can be attributed to several 

interconnected factors. Continuous submergence 

contributes to soil acidification through nitrification 

processes and the release of hydrogen ions during 

organic matter decomposition (Yang et al., 2022). The 

marked increase in pH observed in prawn and rice-

prawn systems reflects the distinctive biogeochemical 

environment created by aquaculture activities. 

Aquaculture operations modify soil pH through the 

accumulation of feed residues, fecal matter, and 

metabolic byproducts, which contain alkaline 

compounds that gradually neutralize soil acidity (Yang 

et al., 2022). The pH values recorded in our study align 

closely with findings from similar integrated systems, 

where researchers have documented pH increases 

associated with aquaculture interventions. The near-

neutral pH in rice-prawn systems creates optimal 

conditions for nutrient cycling and supports diverse 

microbial communities essential for maintaining soil 

health. Mangrove ecosystems, despite their exposure to 

saline conditions, maintained moderately acidic pH 

levels of 5.50. This finding corroborates research 

indicating that mangrove soils typically exhibit acidic 

to slightly alkaline pH depending on the degree of 

organic matter accumulation and the presence of 

sulphur-reducing bacteria (Sofawi et al., 2017). The 

organic acids released during litterfall decomposition 

and the presence of sulphur compounds contribute to 

the acidic nature of mangrove soils, though tidal 

influences and seawater buffering capacity prevent 

extreme acidification. 

Electrical conductivity measurements revealed 

significant difference among land uses, with mangrove 

systems exhibiting the highest EC value of 7.47 dSm
-1

, 

substantially exceeding all other land uses. This 

elevated EC reflects the characteristic salinity 

associated with mangrove habitats, where regular tidal 

inundation introduces dissolved salts and maintains 

elevated ionic concentrations in the soil solution. The 

EC values for rice cultivation (3.89 dSm
-1

) and prawn 

farming (6.74 dSm
-1

) indicated non-saline to high 

salinity levels, while rice-prawn systems recorded an 

EC of 4.88 dSm-1. Fallow lands demonstrated the 

lowest EC value of 3.26 dSm
-1

, suggesting reduced salt 

accumulation in the absence of active cultivation or 

aquaculture operations. Electrical conductivity serves 

as an indirect indicator of nutrient availability, with 

strong correlations between EC and potassium content 

documented in agricultural soils (Mazur et al., 2022). 

However, excessively high EC values, as observed in 

mangrove systems, can indicate salinity stress that may 

limit nutrient uptake and plant growth. The moderate 
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EC levels in rice-prawn systems indicate a balanced 

ionic environment that supports both crop production 

and the health of aquatic organisms without imposing 

severe osmotic stress. Research on coastal wetland 

soils has shown that variations in EC reflect not only 

salinity but also the concentration of dissolved 

nutrients and organic matter in the soil solution (Denre, 

2025). The elevated EC in prawn monoculture 

compared to rice monoculture likely results from the 

accumulation of salts during the high saline summer 

season and buildup of nitrogenous compounds, 

phosphates, and other dissolved organic materials 

derived from feed inputs and metabolic waste products 

(Luo et al., 2023). These findings underscore the 

importance of monitoring EC as both a salinity 

indicator and a proxy for nutrient enrichment in 

intensive aquaculture systems. 

Interestingly, organic carbon content exhibited no 

significant variation across the five land use systems, 

with values ranging narrowly from 1.62% in 

mangroves to 2.84% in prawn monoculture. This 

uniformity in organic carbon content suggests that the 

Pokkali ecosystem maintains inherent regulatory 

mechanisms that buffer against large-scale organic 

matter fluctuations, regardless of land use intensity. 

However, our results align with research indicating that 

coastal wetland soils can maintain relatively constant 

organic carbon levels due to high rates of both organic 

matter input and decomposition (Tam & Wong, 1998). 

The anaerobic conditions prevalent in flooded Pokkali 

lands may slow decomposition rates, while the 

continuous input of organic materials from crop 

residues, aquatic vegetation, and mangrove litter 

maintains carbon stocks at equilibrium levels. The 

moderate organic carbon content observed across all 

systems, ranging from 1.62% to 2.84%, falls within 

typical ranges reported for tropical wetland soils. The 

absence of significant variation implies that short-term 

land use changes have not yet profoundly altered the 

fundamental carbon dynamics of these soils, though 

longer-term monitoring would be necessary to detect 

gradual shifts in carbon sequestration capacity 

The available nitrogen content in soil exhibited 

significant variation across land uses, representing one 

of the most distinctive soil parameters measured in this 

study (Figure 2). Rice monoculture demonstrated high 

available nitrogen levels in soil of 597.25 kgha⁻¹, 

significantly surpassing all other systems. Fallow lands 

and mangroves recorded low available nitrogen content 

of 230.99 and 205.86 kgha
-1

, respectively, while prawn 

monoculture also exhibited the second-low nitrogen 

content of 173.82 kgha
-1

. Most notably, rice-prawn 

integrated systems showed the lowest available 

nitrogen concentration of 158.04 kgha
-1

, despite 

combining two production activities. The unexpectedly 

low available nitrogen content in rice-prawn systems' 

soil warrants careful consideration. Studies on 

integrated rice-aquaculture systems have documented 

that while total organic matter and total nitrogen may 

remain stable, available nitrogen forms can decrease 

due to enhanced uptake by both crops and aquatic 

organisms (Yang et al., 2022). The prawns in 

integrated systems actively consume available nitrogen 

through direct uptake and through their consumption of 

nitrogen-rich microorganisms and organic matter. 

Research on similar coastal farming systems has 

revealed that aquatic animals in rice paddies can help 

maintain soil nitrogen through nutrient recycling, 

though they may simultaneously reduce total nitrogen 

stocks through consumption and waste export (Victory 

et al., 2018). The low available nitrogen content in 

fallow lands suggests gradual nitrogen depletion in the 

absence of external inputs, though biological nitrogen 

fixation by free-living bacteria may partially 

compensate for this loss.  Available N content in 

Mangrove soils, while low, reflects the unique nitrogen 

cycling characteristic of these ecosystems. Ammonium 

represents the primary nitrogen form in mangrove 

soils, and tree growth depends mainly on ammonium 

uptake due to anoxic soil conditions (Reef et al., 2010). 

Mangroves have evolved efficient nitrogen 

conservation mechanisms, including high nutrient 

resorption efficiency prior to leaf fall and the 

immobilization of nutrients in decomposing litter, 

which help maintain nitrogen stocks despite limited 

external inputs. 

Phosphorus content demonstrated pronounced 

variation across land uses, with rice monoculture 

exhibiting the highest levels at 293.08 kgha
-1

, followed 

by rice-prawn systems at 190.02 kgha
-1

. Mangrove 

soils and fallow lands also recorded high available 

phosphorus content of 71.25 kgha
-1

 and 70.55 kgha
-1

 

respectively. Prawn monoculture exhibited medium 

available phosphorus content in soil of 18.29 kgha
-1

 

(Figure 2), representing the most extreme variation 

observed among all nutrients measured. This striking 

disparity in phosphorus distribution reflects 

fundamental differences in phosphorus cycling and 

retention capacity across these diverse land use 

systems. In rice monoculture, unlike nitrogen which is 

subject to significant gaseous losses, phosphorus tends 

to accumulate in soils due to its low mobility and 

tendency to form stable complexes with soil minerals 

(Zhang et al., 2025).  The high available phosphorus 

levels in soils of rice-prawn systems, while lower than 

rice monoculture, remain adequate to support both rice 

growth and aquaculture activities. Integrated rice-fish 
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systems can regulate soil phosphorus fraction 

conversion and availability through the combined 

effects of organic carbon inputs and phosphatase 

enzyme activity (Wang et al., 2022). The presence of 

prawns may enhance phosphorus cycling through 

bioturbation, which physically mixes soil layers and 

increases the contact between phosphorus-containing 

compounds and soil microorganisms capable of 

mineralizing organic phosphorus forms. Aquaculture 

operations typically accumulate phosphorus from feed 

inputs, yet environmental discharge and removal of 

harvested biomass create significant phosphorus export 

pathways (Luo, 2023). In prawn farming, phosphorus-

rich feed residues and faecal matter may accumulate 

initially, but frequent water exchange and the harvest 

of prawns remove substantial quantities of phosphorus 

from the system. The high available P content in soils 

of mangrove and fallow land, reflects the natural 

phosphorus cycling characteristic of these less 

intensively managed systems. Mangrove ecosystems 

are frequently limited by nitrogen and phosphorus 

availability, and nutrient-conserving mechanisms are 

well developed in these environments (Alongi et al., 

1992). The similarity in phosphorus content between 

mangroves and fallow lands suggests that in the 

absence of external inputs, both systems equilibrate at 

comparable phosphorus concentrations determined by 

weathering rates, organic matter decomposition, and 

tidal inputs. 

 Available K distribution patterns revealed rice-

prawn integrated systems as having the highest 

potassium content at 1650.81 kgha
-1

, followed by 

prawn monoculture at 1339.70 kgha
-1

 (Figure 2). 

Mangroves maintained elevated potassium levels of 

1127.77 kgha
-1

, while rice monoculture showed 

1000.43 kgha
-1

. Fallow lands exhibited the lowest 

potassium content at 506.09 kgha
-1

.  All the land use 

systems recorded high available K content in soil. This 

distribution pattern contrasts markedly with nitrogen 

and phosphorus trends, suggesting fundamentally 

different factors govern potassium accumulation and 

retention in Pokkali land use systems. The 

comparatively high potassium content in rice-prawn 

and prawn monoculture systems represents one of the 

most significant findings of this study. This 

accumulation likely results from the combination of 

saline water inputs, which naturally contain elevated 

potassium concentrations, and the biogeochemical 

processes associated with aquaculture operations. 

Potassium is essential for various plant functions and 

helps plants develop resistance to salinity stress and 

drought conditions (Constance et al., 2022). The 

elevated potassium in aquaculture systems may 

provide a competitive advantage for rice grown in 

integrated systems, enhancing osmotic regulation and 

improving salt tolerance. Studies on soil nutrient 

dynamics have shown that soil electrical conductivity 

demonstrates strong positive correlations with 

potassium content, reflecting the high mobility and 

solubility of potassium ions (Mazur et al., 2022). The 

pattern observed in our study supports this relationship, 

with systems showing higher EC values generally 

exhibiting elevated potassium concentrations. Unlike 

phosphorus, which accumulates in relatively immobile 

forms, potassium remains highly mobile in soil 

solutions and readily responds to water movement, 

cation exchange processes, and biological uptake. The 

moderate potassium levels in mangrove systems reflect 

the dynamic nature of these coastal ecosystems. 

Potassium is highly leachable under saline conditions, 

and lower concentrations at upper soil layers may 

result from this enhanced mobility (Sharif et al., 2025). 

However, the regular influx of potassium-rich tidal 

waters helps replenish potassium stocks, maintaining 

adequate levels to support mangrove growth and 

ecosystem function. The potassium concentrations 

measured in mangrove soils fall within ranges reported 

for similar tropical coastal wetland systems, indicating 

typical nutrient status for these environments. Without 

regular tidal inputs, potassium is gradually depleted 

through leaching, particularly given the high rainfall 

characteristic of tropical coastal regions (Mack et al., 

2024).  

Conclusion 

The comprehensive analysis of soil chemical 

properties across Pokkali land uses reveals that each 

system creates distinct biogeochemical environments 

with unique nutrient management implications. Rice 

monoculture, despite being cultivated under 

completely organic management practices, exhibited 

extreme soil acidification coupled with substantial 

nitrogen and phosphorus accumulation, though these 

apparent nutrient advantages may be offset by reduced 

bioavailability under acidic conditions. The rice-prawn 

integrated system emerged as the most balanced land 

use, demonstrating near-neutral pH conditions that 

optimize nutrient cycling while maintaining the highest 

potassium levels among all systems, though careful 

attention to nitrogen supplementation appears 

necessary to sustain long-term productivity. Prawn 

monoculture created a distinctive high-salinity, 

alkaline environment characterized by exceptional 

potassium accumulation but marked phosphorus 

depletion, suggesting that this system requires targeted 

phosphorus management to maintain soil fertility. 

Mangrove ecosystems maintained moderately acidic 

conditions with intermediate nutrient levels, reflecting 
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the inherent nutrient conservation mechanisms of these 

natural systems, while fallow lands showed progressive 

nutrient depletion across all major elements, 

particularly potassium, underscoring the consequences 

of removing land from active management without 

compensating inputs. The stability of organic carbon 

across all land uses suggests remarkable resilience in 

the fundamental carbon dynamics of Pokkali 

ecosystems, indicating that short-term land use 

transitions have not fundamentally disrupted carbon 

sequestration processes. However, the divergent 

patterns observed for primary nutrients highlight the 

complex trade-offs inherent in different land 

management strategies, where no single system 

simultaneously optimizes all soil fertility parameters. 

The findings emphasize that sustainable intensification 

of Pokkali landscapes requires land use-specific 

nutrient management approaches that account for the 

distinctive biogeochemical characteristics of each 

system. These results provide crucial insights for 

developing site-specific nutrient management that 

enhances productivity while maintaining the long-term 

soil health of these valuable coastal agroecosystems.

 

Table 1 : Distribution of soil chemical properties and primary nutrients across the land uses  
Land Use pH EC (dSm

-1
) OC (%) N (kgha

-1
) P (kgha

-1
) K (kgha

-1
) 

Rice 3.54
b
 3.89

bc
 2.57 597.25

a
 293.08

a
 1000.43

c
 

Prawn 5.74
a
 6.74

a
 2.84 173.82

b
 18.29

c
 1339.7

b
 

Rice-Prawn 6.36
a
 4.88

b
 1.89 158.04

b
 190.02

b
 1650.81

a
 

Fallow 4.89
ab

 3.26
c
 2.71 230.99

b
 70.55

c
 506.09

d
 

Mangroves 5.50
a
 7.47

a
 1.62 205.86

b
 71.25

c
 1127.77

bc
 

LSD 1.70 1.12 ns 143.42 66.79 281.83 

(Treatments with the same letters are not significantly different; ns: not significant) 

 

 
Fig. 1: Map showing the locations of five land uses selected across the Pokkali lands 

 

 
Fig. 2 : The distribution of available primary nutrients (N, P and K in kgha

-1
)  

across the selected land use systems of Pokkali areas. 



 
2482 Puthan Purayil Athul et al. 

 

Acknowledgement 

The authors express their gratitude to the 

Department of Soil Science and Agricultural 

Chemistry, College of Agriculture, Vellanikkara and 

Rice Research Station, Vyttila, Kerala Agricultural 

University, India, for providing research facilities and 

technical support. The research work was funded by 

the research grant of Kerala Agricultural University. 

References 

Ahmed, S., Kayes, I., Shahriar, S. A., Kabir, M. M., Salam, M. 

A., & Mukul, S. A. (2020). Soil salinity and nutrients 

pattern along a distance gradient in coastal region. Global 

J. Environ. Sci. Manage., 6(1), 59-72. 

Alongi, D. M., Boto, K. G., & Robertson, A. I. (1992). Nitrogen 

and phosphorus cycles. Tropical mangrove ecosystems, 

41, 251-292. 

Bray, R. H. and Kurtz, L. T. 1945. Determining total, organic 

and available forms of phosphate in soils. Soil Sci. 59, 39-

45. 

Constance, A., Oehri, J., Bunbury, N., Wiesenberg, G. L., 

Pennekamp, F., A'Bear, L., ... & Schaepman-Strub, G. 

(2022). Soil nutrient content and water level variation 

drive mangrove forest aboveground biomass in the 

lagoonal ecosystem of Aldabra Atoll. Ecol. Indic., 143, 

109292.  

Denre, M. (2025). Status of pH, Electrical Conductivity, 

Organic Carbon, and Available Nitrogen in Soils of 

Different Land Situations. J. Exp. Agric. Int., 47(5), 670-

675. 

George, B. S., Ashique, T. K., & Binitha, N. K. (2017). 

Assessment of microbial properties of Pokkali soils in 

Kerala, India. Inter. J. Current Microbiol. Appl. Sci, 

6(12), 1964-1967. 

Hu, A., Lv, M., Jiang, S., Xu, L., Guo, S., Zhao, N., ... & Li, J. 

(2022). Short-Term Effects of Reclamation of 

Aquaculture Ponds to Paddy Fields on Soil Chemical 

Properties and Bacterial Communities in Eastern China 

Coastal Zone. Sustainability, 14(3), 1613. 

Jackson, M. L. 1958. Soil Chemical Analysis. Prentice Hall of 

India Private Ltd., New Delhi, 498p. 

Jose, A. E., Charitha, N., Karde, R., Bayskar, A., & Reddy, Y. 

A. (2023). Pokkali rice cultivation: a review on the 

indigenous rice cultivation method in Kerala. Int. J. 

Environ. Clim. Chang., 13(8), 1090-1095.  

Luo, G. (2023). Review of waste phosphorus from aquaculture: 

Source, removal and recovery. Reviews in Aquaculture, 

15(3), 1058-1082. 

M. S. Swaminathan Research Foundation [MSSRF]. (2021). 

Rejuvenating the Pokkali rice cultivation through model 

farms and integrated farming approaches. Retrieved from 

https:// Rejuvenating the Pokkali Rice Cultivation 

Through Model Farms and Integrated Farming 

Approaches – MSSRF CAbC 

Mack, M. R., Langley, J. A., Feller, I. C., & Chapman, S. K. 

(2024). The ecological consequences of nutrient 

enrichment in mangroves. Estuar. Coast. Shelf Sci., 300, 

108690. 

Mazur, P., Gozdowski, D., & Wójcik-Gront, E. (2022). Soil 

electrical conductivity and satellite-derived vegetation 

indices for evaluation of phosphorus, potassium and 

magnesium content, pH, and delineation of within-field 

management zones. Agriculture, 12(6), 883. 

Md. Sharif Hasan Limon, Md. Naif Ahmed C, Shraboni D, 

Narottam P, Chameli S, et al. (2025). Exploring Soil 

Carbon and Nutrient Profiles in the Sundarbans Mangrove 

Forest of Bangladesh. Ecol Conserv. Sci. 4(4), 555645.  

Nideesh, P., (2019). Taxonomy and Organic Carbon-Nutrient 

Interactions in Selected Wetland Soils of Kerala. Ph.D. 

thesis, Kerala Agricultural University, Thrissur 

Olsen, S. R., Cole, C. V., Watanabe, I.and Dean, L. A. (1954). 

Estimation of Available Phosphorus in Soils by Extraction 

with Sodium Bicarbonate. USDA Circ. 939. USDA, 

Washington DC. 19p. 

Pratheesh P. Gopinath, Rajender Parsad, Brigit Joseph, & 

Adarsh V. S. (2021). grapesAgri1: Collection of Shiny 

Apps for Data Analysis in Agriculture. Journal of Open 

Source Software, 6(63), 3437. 

Reef, R., Feller, I. C., & Lovelock, C. E. (2010). Nutrition of 

mangroves. Tree physiol., 30(9), 1148-1160. 

Shaji, J., Thomas, D., & Vighneswaran, V. (2024). Weed 

Dynamics in Acid Saline Pokkali Ecosystem of Kerala. 

Agric. Sci. Dig., 44(6). 

Shao, X., Yang, W., & Wu, M. (2015). Seasonal dynamics of 

soil labile organic carbon and enzyme activities in relation 

to vegetation types in Hangzhou Bay tidal flat wetland. 

PLoS One, 10(11), e0142677. 

Sofawi, A. B., Nazri, M. N., & Rozainah, M. Z. (2017). 

Nutrient variability in mangrove soil: anthropogenic, 

seasonal and depth variation factors. Appl. Ecol. Environ. 

Res., 15(4). 

Sreelatha, A. K., & Joseph, C. (2019). Soil quality assessment 

under different land uses in Pokkali lands of Kerala. J. 

Indian. So.c Coastal. Agric. Res., 37(1), 1-6.  

Subbiah, B and G. L. Asija. (1956). Alkaline permanganate 

method of available nitrogen determination. Curr. Sci. 25: 

259.  

Tam, N. F. Y., & Wong, Y. S. (1998). Variations of soil 

nutrient and organic matter content in a subtropical 

mangrove ecosystem. Water, Air, and Soil Pollut., 103(1), 

245-261. 

Victory, A. O., Ayoola, A., Oghenefejiro, A., & Usman, A. 

(2018). The effect of water quality on rice growth 

performance and nutrient accumulation in integrated 

aquaculture-agriculture. JSM Environ Sci. Ecol., 6(1), 

1062. 

Vulliet, C., Koci, J., Jarihani, B., Sheaves, M., & Waltham, N. 

(2024). Assessing tidal hydrodynamics in a tropical 

seascape using structure‐from‐motion photogrammetry 

and 2D flow modelling. Estuaries Coast., 47(2), 352-375. 

Walkley, A. J. and Black, I. A. (1934). Estimation of soil 

organic carbon by chromic acid titration method. Soil Sci. 

31: 29-38 

Wang, C., Yang, Q., Zhang, C., Li, X., Chen, J., Zhang, X., ... 

& Liu, K. (2022). Rice-fish-duck system regulation of soil 

phosphorus fraction conversion and availability through 

organic carbon and phosphatase activity. Front. environ. 

sci. 10: 979234. 

Watanabe, F. S. and Olsen, S. R. (1965). Test of an ascorbic 

acid method for determining phosphorus in water and 

sodium bicarbonate extracts from soil. Soil Sci. Soc. Am. 



 

 

2483 Spatial distribution of soil chemical properties and nutrient availability across different land use systems in  

Pokkali wetlands 

Proc. 29: 39-45. 

Yang, Z., Feng, Y., Zhang, S., Hu, Y., Tang, Y., Gu, H., and 

Zhang, H. (2022). Effects of rice-prawn (Macrobrachium 

nipponense) co-culture on the microbial community of 

soil. Appl. Microbiol. Biotechnol. 106(21): 7361-7372. 

Zhang, W., Liu, K., Wang, J., Shao, X., Xu, M., Li, J., and 

Murphy, D. V. (2015). Relative contribution of maize and 

external manure amendment to soil carbon sequestration 

in a long-term intensive maize cropping system. Sci. Rep. 

5(1): 10791. 

Zhang, Z., Xie, D., Teng, W., Gu, F., Zhang, R., Cheng, K., and 

Yang, F. (2025). A state of art review on carbon, nitrogen, 

and phosphorus cycling and efficient utilization in paddy 

fields. Plant and Soil., 1-21. 

Zhao, Z., Liu, G., Liu, Q., Huang, C., Li, H., & Wu, C. (2018). 

Distribution characteristics and seasonal variation of soil 

nutrients in the Mun River Basin, Thailand. Int. J. 

Environ. Res. Public Health (9): 1818. 

 


