


Effect of Organic Amendments on Soil Health in Wetland Rice Growing Soils of Southern Kerala
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Enhancing soil biological activity is vital for nutrient cycling and sustainability in wetland rice ecosystems. A field experiment was conducted to assess the impact of organic amendments on microbial biomass carbon (MBC), dehydrogenase activity (DHA), and acid phosphatase activity (APA) under soil-test-based recommended dose of nutrient management (STBRDN). Results showed that coconut husk biochar @ 5 t ha⁻¹ + STBRDN (T₆) produced the highest MBC (456.00 mg kg⁻¹), while vermicompost @ 2.5 t ha⁻¹ + STBRDN (T₃) enhanced DHA (76.03 μg TPF g⁻¹ 24 h⁻¹) and APA (37.73 μg p-nitrophenol g⁻¹ soil h⁻¹), resulting in almost 36, 39 and 50 per cent increase, respectively, from the initial soil biological activity. Both treatments significantly performed much better than the inorganic fertilizer application alone and the control, which recorded the lowest enzyme activities. Vermicompost provided labile carbon and microbial inoculants, whereas biochar enhanced microsite protection and nutrient retention, jointly stimulating microbial proliferation and enzymatic functioning. Organic amendments, particularly vermicompost and coconut husk biochar integrated with STBRDN, consistently improved soil microbial and enzymatic activities, underscoring their role as climate-smart strategies for sustainable rice cultivation.
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1. Introduction
	Wetland paddy soils represent one of the most biologically dynamic agroecosystems in tropical regions, where soil microbial activity and enzymatic processes play a pivotal role in nutrient cycling, organic matter turnover, and soil health. In Kerala, rice cultivation is traditionally practiced under waterlogged conditions, creating unique redox environments that strongly influence microbial metabolism and enzyme activity. These soils are particularly sensitive to management practices, including the addition of organic amendments such as farmyard manure, compost, straw residues, and biochar, which can alter microbial community structure and functional diversity (Wichern et al., 2020).
	Organic amendments are widely regarded as sustainable alternatives to chemical fertilizers, as they not only improve soil fertility but also stimulate microbial processes that enhance nutrient availability. Similarly, Chahal et al. (2017) observed that organic materials enhanced microbial activity in saline soils depending on their rate of decomposition, highlighting the strong influence of nature of amendment on biological processes. Soil biological functioning is largely governed by the activity and abundance of soil microorganisms, which regulate organic matter decomposition and nutrient cycling through the production of extracellular enzymes (Burns et al., 2013; Nannipieri et al., 2012). The composition of the soil microbial community is significantly shaped by litter chemistry factors, such as the initial substrate and particular chemical components released during litter breakdown (Bray et al., 2012). Long-term application of organic inputs has been linked to improved soil organic carbon sequestration and microbial resilience, thereby contributing to climate-smart agriculture in paddy systems (Ye et al., 2025). However, the response of soil enzymes to organic amendments is highly site-specific, influenced by hydrological regimes, soil texture, and cropping intensity (Wang et al., 2019).
Microbial biomass represents the living fraction of soil organic matter and acts as an immediate source and sink of nutrients as well as the main producer of soil enzymes. Conceptual and empirical work has identified microbial biomass, dehydrogenase activity and phosphatase activity among the most informative microbiological indicators for assessing the effects of management on soil ecological function (Semenov et al., 2025). Dehydrogenase activity is widely used as an integrative measure of overall microbial respiratory metabolism, because dehydrogenase enzymes are involved in biological oxidation of organic substrates and occur only in viable cells (Kaur et al., 2021). In flooded rice soils, high dehydrogenase activity has been associated with enhanced organic matter decomposition and the strongly reducing conditions that develop under long-term submergence (George et al., 2017). Phosphatase enzymes, particularly acid phosphatase in acidic or poorly buffered soils, catalyse the hydrolysis of organically bound phosphorus to plant-available orthophosphate and thus play a central role in the P cycle. Acid phosphatase activity has frequently been proposed as a potential index of organic P mineralisation and P stress in paddy soils (Kumari et al., 2017; Bhavani et al., 2017) Together, microbial biomass, dehydrogenase and phosphatase activities form a complementary set of soil biological indicators that respond rapidly to environmental change and management interventions (Bhaduri et al., 2022).
Organic amendments such as farmyard manure, composts, green manures, crop residues and other locally available organic resources are widely promoted as sustainable strategies to maintain soil fertility and reduce dependence on mineral fertilisers in rice-based systems. Several studies have reported that application of organic inputs generally increases soil organic carbon, stimulate microbial biomass, and enhance key enzyme activities, including dehydrogenase and phosphatase, relative to mineral fertiliser alone (Liu et al., 2023; Liu et al., 2025). The integration of diverse organic manures along with inorganic nutrients resulted in much improvement in soil fertility and long-term agricultural sustainability (Chaudhary et al., 2025) In this context, the present study was undertaken to evaluate the effect of different organic sources including biochar and green leaf manure on soil microbial activity , physical properties and nutrient availability in the wetland rice soils of southern Kerala. 
2. Material and Methods
The experiment was carried out in the wetland farms of Integrated Farming System Research Station, Karamana, Thiruvananthapuram, Kerala during the rabi season of 2024. The site is located at 8. 4727N latitude and 76. 9605E longitude, at an altitude of 5m above mean sea level.
Field experiment was laid out in completely randomized block design with eight treatments and replicated thrice using rice variety, Uma- highly popular and widely cultivated medium duration variety suited to rice growing tracts of Kerala with red kernels. The treatments consisted of : (1) KAU Organic PoP (FYM @ 5 t ha-1 as basal + 700 kg neem cake ha-1 as basal and half as top dressing at active tillering stage), (2) FYM @5 t ha-1+ Soil test based recommended dose of nutrients (STBRDN), (3) Vermicompost (VC) @ 2.5 t ha-1 + STBRDN, (4) Thermochemical Organic Fertilizer (TOF) @ 2.5 t ha-1 +STBRDN, (5) Green leaf manure @ 5 t ha-1 + STBRDN, (6) Coconut husk biochar @ 5 t ha-1 + STBRDN, (7) STBRDN alone ( no organic amendment) and (8) Absolute control. Recommended dose of fertilizers were applied during the growing stages as per KAU POP (2023) in rice i.e., in the ratio 90:45:45 for N: P2O5: K2O kg ha-1, except that at T1, where only organic amendments were applied and T8, which is absolute control.
Vermicompost was prepared from banana pseudostem as the resource material using Eudrillus eugeniae; Thermochemical organic fertilizer was obtained by digesting organic wastes under controlled heating in the presence of mineral additives, allowing partial decomposition, dehydration, and nutrient enrichment; and Biochar from coconut husk by fast pyrolysis. Before start of the experiment, initial soil sample was collected to estimate the available nutrient status and accordingly, nutrient doses were scheduled.
Microbial biomass carbon (MBC) in the soil was determined by the fumigation extraction method (Joergensen, 1995) using fresh soil samples. Dehydrogenase activity was estimated following procedure by Casida et al., (1964) which is a simple, widely used assay where triphenyl tetrazolium chloride (TTC) was reduced to triphenyl formazan (TPF) during microbial respiration, extracted with methanol, and quantified spectrophotometrically. Acid phosphatase activity was determined following Tabatabai and Bremner (1969) method where soil acid phosphatase was measured by incubating soil with p-nitrophenyl phosphate in acidic buffer (pH 6.5) at 37 °C, then stopping the reaction with NaOH to release yellow p-nitrophenol (pNP). The absorbance of pNP was read at 400–420 nm, and activity is expressed as µmol pNP g⁻¹ soil h⁻¹.
Soil physical properties viz., bulk density and water holding capacity were estimated using undisturbed core sampler method (Black et al., 1965) for the initial and after harvest soil samples.  Nutrient availability of primary nutrients viz., nitrogen, phosphorous and potassium were estimated using standard procedures. ie., available N by Alkaline permanganate method (Subbiah and Asija, 1956); P by Bray No.1 extraction and estimation using spectrophotometer (Bray and Kurtz, 1945) and K by neutral normal ammonium acetate extraction and estimation using flame photometry (Jackson, 1973).
3. Results and Discussion
3.1. Microbial biomass carbon
In the soils collected after crop harvest, significantly higher soil microbial biomass carbon (456.00 mg kg-1) was observed in the treatment receiving coconut husk biochar @ 5 t ha⁻¹ along with soil test based recommendation of nutrients (T₆). The enhanced microbial biomass under biochar incorporation was likely due to the porous structure and large surface area of biochar, which offered protected microsites for microbial colonisation, improved soil aeration, and increased retention of nutrients and dissolved organic matter that support microbial proliferation (Joseph et al., 2021; Huang et al., 2023). The application of vermicompost @ 2.5 t ha⁻¹ along with soil test based recommendation of nutrients (T₃) also resulted in better performance revealing 442.00 mg kg⁻¹ MBC, while the absolute control (T₈) recorded the lowest (307.00 mg kg⁻¹). Green leaf  manure also stimulated microbial activity as reflected by 16 per cent improvement compared to control. Application of different organic amendments produced considerable variations in MBC at the post-harvest stage relative to the initial soil (335.60 mg kg⁻¹).  The result was in conformity with the findings of Kuang et al., (2012), where effective increase in biomass of microorganisms was noticed. Vermicompost contains more labile C and humic substances than conventional compost, promoting microbial biomass growth (Lazcano & Domínguez, 2011). Earthworm processed materials contain high microbial populations and enzyme activities, which increase MBC when added to soil (Aira et al., 2010). Similar patterns were reported by Das et al., (2023), who observed that the highest microbial biomass C occurred in a biochar–manure treatment (goat manure + biochar) compared to vermicompost, FYM and other organic nutrient sources applied alone, indicating that biochar-based amendments can provide a more favourable habitat and substrate environment for microbial proliferation than individual organic manures.
Table 1. Effect of organic amendments on soil biological activity
	Treatments
	Microbial biomass carbon (mg kg-1)
	Acid phosphatase activity (g of p-nitrophenol g-1 soil h-1)
	Dehydrogenase activity (g TPF g-1 24 h-1)

	T1
	388.00c
	35.57d
	73.95ef

	T2
	378.00c
	35.49d
	74.11e

	T3
	442.00ab
	37.73a
	76.03a

	T4
	422.00b
	35.77c
	74.20cd

	T5
	389.00c
	35.00e
	74.67c

	T6
	456.00a
	36.73b
	75.47b

	T7
	341.00d
	35.10e
	73.74g

	T8
	307.00e
	24.90f
	72.74h

	SEm ()
	7.613
	0.101
	0.059

	CD (0.05)
	22.824
	0.303
	0.176

	Initial
	335.60
	25.09
	54.56



T1: KAU Organic PoP (FYM @ 5 t ha-1 + 700 kg neem cake), T2: FYM @5 t ha-1+ (STBRDN), T3: Vermicompost @ 2.5 t ha-1 + STBRDN, T4: TOF @ 2.5 t ha-1 +STBRDN, T5: Green leaf manure @ 5 t ha-1 + STBRDN, T6: Coconut husk biochar @ 5 t ha-1 + STBRDN, T7: STBRDN alone, T8: Absolute control.
3.2 Dehydrogenase activity
Soil dehydrogenase activity is an indicator of total soil microbial activity as it reflects the fertility status of soil. Dehydrogenase activity, was significantly affected by the organic amendments. Among the treatments, the highest activity (76.03 g TPF g-1 24 h-1) was observed with the application of vermicompost @ 2.5 t ha-1 alongwith soil test based recommended application of nutrients.  Vermicompost supplies abundant labile organic carbon, diverse microbial inoculants, and essential nutrients that directly stimulate microbial respiration. This creates a biologically rich environment where oxidative enzymes like dehydrogenase are strongly expressed (Gazi et al., 2024; Shah et al., 2024).
	Biochar application also resulted in improved dehydrogenase activity (75.47 g TPF g-1 24 h-1), while the lowest (72.74 g TPF g-1 24 h-1) was recorded for control.  Root exudates are known to increase microbial respiration and DHA in paddy systems (Ladha et al., 2019). Biochar enhances habitat quality and electron transfer (Sarfraz et al., 2024). The use of various fertilizers including mineral fertilizers, green manure, FYM, compost, and vermicompost exerts distinct influence on soil dehydrogenase activity. Compost application @ 540 kg N ha⁻¹ yr⁻¹ had shown to enhance both dehydrogenase activity and microbial community abundance relative to untreated soils (Chang et al., 2007). Similarly, soils amended with cattle manure and vermicompost exhibit greater dehydrogenase activity than control (Saha et al., 2008). 
3.3 Acid phosphatase activity
Acid phosphatase is a soil enzyme involved in the mineralization of organic phosphorus, thereby playing a crucial role in nutrient cycling and sustaining crop productivity in flooded paddy ecosystems. In the present study, notable differences in acid phosphatase activity were observed among the treatments. Vermicompost application @ 2.5 t ha-1 along with soil test based recommended nutrients (T3) recorded the highest activity (37.73 g of p-nitrophenol g-1 soil h-1).  followed by coconut husk biochar at 5 t ha⁻¹ with STBRDN (36.73 μg p-nitrophenol g⁻¹ soil h⁻¹). Vermicompost contains abundant beneficial microorganisms that directly secrete phosphatases and provide easily decomposable organic matter that fuels microbial metabolism. This energy source promotes microbial growth and enzyme synthesis, leading to higher acid phosphatase activity (Pooja et al., 2020; Yang et al., 2024). According to Zhang et al. (2020), vermicompost significantly increased phosphatase activity and improved phosphorus transformation in paddy soils.
3.4 Bulk density and water holding capacity
	The root growth, nutrient transport, and microbial activity are influenced by the soil structure, soil aeration and water retention capacity, These properties are strongly governed by soil bulk density and its capacity to store water. Elevated bulk density can hinder root penetration, decrease pore continuity, limit aeration, and reduce water infiltration, ultimately impairing plant growth and overall soil functioning. Incorporation of organic amendments enhances soil aggregation and porosity, thereby improving both the physical and chemical quality of soil (Haque et al., 2021).
In the present study (Table 2), the application of organic manures significantly influenced bulk density, water-holding capacity, and the availability of nitrogen, phosphorus, and potassium. Vermicompost and biochar, in particular, produced notable reductions in bulk density and increased the soil’s water-holding capacity relative to the initial values. Overall, the application of organic amendments led to marked improvement in soil moisture retention. The addition of stabilized organic matter introduces lighter organic fractions into the soil matrix, which is especially effective in reducing bulk density in paddy soils (Hussain and Abbasi, 2018). This change promotes a more favourable distribution of macro- and micropores, enhancing the soil’s ability to retain water (Castellini et al., 2024). Furthermore, the remarkable porosity of biochar and large internal surface area help restructure inter-particle pore arrangement, thereby improving total porosity and water-holding capacity (Libutti et al., 2019).
Table 2. Effect of organic amendments on soil physical properties and nutrient availability
	Treatments
	Bulk density
(Mg m-3)
	Water holding capacity (%)
	Available primary nutrients
(kg ha-1)

	
	
	
	N
	P2O5
	K2O

	T1
	1.38cd
	48.72c
	359.59abc
	34.34cd
	73.77bc

	T2
	1.41bc
	45.39d
	326.14d
	37.52bc
	84.89bc

	T3
	1.29e
	50.74b
	376.32a
	42.74a
	122.56a

	T4
	1.36d
	52.39a
	347.05bc
	40.78ab
	93.70abc

	T5
	1.41b
	46.48d
	292.69e
	39.29ab
	96.35ab

	T6
	1.23f
	53.11a
	363.77ab
	40.97ab
	93.63abc

	T7
	1.35d
	41.99e
	284.33e
	33.41cde
	84.00bc

	T8
	1.54a
	40.24f
	250.88f
	29.49e
	66.90c

	SEm ()
	0.027
	0.443
	5.893
	1.546
	9.811

	CD (0.05)
	0.009
	1.328
	17.666
	4.635
	29.415

	Initial
	1.37
	36.64
	251.18
	29.88
	94.68



3.5 Availability of nitrogen, phosphorous and potassium
	The incorporation of organic amendments, particularly, vermicompost and biochar, led to a marked increase in the availability of major nutrients such as nitrogen, phosphorus and potassium (Table 2). Vermicompost functions as a nutrient-rich organic input, supplying significant amount of mineralized N, P and K that directly enhance the soil nutrient pool after incorporation (Yeasmin et al., 2025). Its elevated cation-exchange capacity supports the retention of cations by providing abundant exchange sites on clay–humus complexes, thereby minimizing nutrient losses through leaching (Gebrekidan et al., 2025). Singh et al. (2024) similarly reported that the combined use of vermicompost with recommended fertilizer doses improved soil fertility and crop productivity in green gram. In the present study, available nitrogen increased by approximately 40% and 45% under vermicompost and biochar treatments, respectively. Enhancements in available phosphorus ranged between 36% and 42% with the application of either amendment. The porous nature and high adsorption capacity of biochar reveal its ability to retain nutrients, improve soil fertility, and create a favourable environment for microbial proliferation and nutrient turnover (Zhao et al., 2023). Green-leaf manuring also contributed to improved nutrient availability. Incorporation of Glyricidia leaves resulted in a 31% increase in available soil phosphorus. The nutrient-dense biomass of Glyricidia releases considerable quantities of macro-nutrients as it decomposes, enriching the soil nutrient pool. Moreover, its decomposition products can reduce phosphorus fixation, thereby improving P availability (Jadhao et al., 2019).
4. Conclusions
	From the present study, it is clear that organic manure application has got significant impact on stimulating soil microbial activity ie., microbial biomass carbon, dehydrogenase and acid phosphatase activity and also improving the physical properties and macronutrient availability. The consistent enhancement of soil enzyme activities through vermicompost, biochar, farmyard manure and green leaf manure highlights their ability to energize microbial communities even under the anaerobic and reduced conditions typical of paddy soils. Their integration with soil-test-based fertilizer recommendations offers a practical pathway for reducing dependency on chemical inputs while improving soil health. Overall, the study concludes that organic amendments like vermicompost and coconut husk biochar play a pivotal role in revitalizing soil biological health and enzymatic functioning in wetland paddy soils, making them essential components for climate-smart and sustainable rice cultivation strategies.
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