
 Effect of Silt-Fortified Organic Manures on Soil Chemical and Biological Properties under Cassava (Manihot esculenta Crantz) cultivation in Kuttanad Soils of Kerala
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ABSTRACT

	    The promotion of safe and sustainable organic farming necessitates production and availability of quality organic inputs in adequate quantities. A field experiment was conducted in Kuttanad, Kerala during 2023-2024 in RCBD with seven treatments and replicated thrice to evaluate the effect of silt and silt fortified organic manures on soil chemical properties and enzymatic activities at different growth stages of cassava. The treatments included fortified poultry manure, fortified crop-residue composts (paddy straw, banana pseudostem, and water hyacinth), fortified farmyard manure, silt alone, and farmyard manure alone (control). At harvest, fortified poultry manure recorded the highest available nitrogen (265.33 kg ha⁻¹), phosphorus (52.90 kg ha⁻¹), and potassium (345.22 kg ha⁻¹), indicating superior enhancement of soil fertility. Fortified organic amendments significantly improved soil pH, organic carbon, and available N, P, and K compared to control and silt alone. Crop-residue composts also improved soil carbon status and potassium availability, whereas silt applied alone was comparatively less effective. Overall, the results demonstrate that silt-fortified organic manures, particularly poultry manure and crop-residue composts, are effective for improving soil chemical fertility and biological functioning as evidenced by increased dehydrogenase, urease, and phosphatase activities in cassava-based systems of Kuttanad.
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1. INTRODUCTION 

Sustainable alternative agricultural methods, such as organic farming, have garnered attention owing to the growing awareness of food safety, environmental pollution, soil quality and human health. Cassava (Manihot esculenta Crantz) is a major starchy root crop cultivated widely across tropical and subtropical regions and serve as staple food and industrial raw material. In southern India, particularly in Kerala, cassava contributes significantly to rural livelihoods and agro-industrial sectors. India produces 6.6 MT of cassava, with Kerala contributing substantially to national production [1]. Sustained productivity of cassava depends largely on effective soil fertility management.
In the wetland ecosystem of Kuttanad, cassava cultivation is practiced on bunds and raised lands that escape seasonal flooding. These soils are characterized by high water tables, soil acidity, periodic leaching losses, and poor aeration, which collectively influence nutrient availability and microbial activity [2]. Continuous cultivation and inadequate nutrient replenishment have contributed to soil health degradation, necessitating location-specific and sustainable nutrient management strategies.

Recycling locally available organic resources offers a viable approach for improving soil fertility in such fragile ecosystems. Organic amendments enhance soil organic carbon, nutrient availability, cation exchange capacity, and microbial-mediated nutrient cycling [3]. Poultry manure was selected due to its high content of readily mineralizable nitrogen, phosphorus, and potassium, and its ability to improve soil organic carbon and ameliorate soil acidity through the release of basic cations during decomposition [4]. Crop residue compost was included for its potential to increase stable organic carbon fractions, improve soil structure, enhance cation exchange capacity, and promote nutrient retention [5]. Fish pond silt, an abundant by-product of aquaculture activities in Kuttanad, accumulates nutrients and organic matter during pond operation and may enrich soil nutrient pools and microbial activity when used for fortification [6]. However, systematic field-based evaluation of silt-fortified organic amendments under cassava cultivation in Kuttanad soils remains limited. Therefore, the present study was undertaken to evaluate the effects of recycling and fortifying locally available organic manures with fish pond silt on soil chemical and biological properties under cassava cultivation in Kuttanad soils of Kerala.

2. material and methods 

2.1.Experimental site and conditions
[bookmark: _Hlk198232079][bookmark: _Hlk198232166]The field experiment was conducted in Kuttanad, AEU 4 located at 9o62’N latitude, 76 o 43’E longitude and at an altitude 3 m above mean sea level. The soil was silty clay in texture and highly acidic (pH 5.46), with medium organic carbon (1.04%), low available nitrogen (224.09 kg ha⁻¹) and potassium (210.33 kg ha⁻¹), and high available phosphorus (31.80 kg ha⁻¹).

The experiment was laid out in randomized complete block design (RCBD) with seven treatments replicated thrice: T1- silt + paddy straw compost, T2- silt + banana pseudostem compost, T3- silt + water hyacinth compost, T4- silt + poultry manure, T5- silt + farmyard manure, T6 - silt alone and T7- control. In T7 (control), farmyard manure alone was applied as organic manure.

Cassava (Manihot esculenta Crantz) was selected as the test crop considering its economic importance in Kerala and high nutrient demand. Poultry manure and crop residue composts were chosen as locally available organic inputs, while fish pond silt was used as a fortifying material due to its regional availability and potential to enhance nutrient retention. The materials were selected to evaluate a location-specific organic nutrient management strategy for Kuttanad soils. 

Three-noded setts of the early-maturing cassava variety Vellayani Hraswa (6–7 months duration) were planted at a spacing of 90 cm × 90 cm, with two nodes of each sett placed below the soil surface and the remaining nodes kept above the soil. Organic inputs were mixed with fish pond silt in the ratio 2:1 (v/v) and these constituted the treatments T1 to T5. Silt and silt-fortified organic inputs were used to substitute the recommended organic manure dose (12.5 t ha⁻¹) on N-equivalent basis and constituted treatments T1 to T6. 

The nutrient dose of 100:100:100 kg NPK ha⁻¹ was applied uniformly in all treatments. The full dose of phosphorus was applied as basal, while nitrogen and potassium were applied in three equal splits (basal, 1 month after planting (MAP), and 2 MAP) using urea, rajphos, and muriate of potash. The NPK content of silt and silt-fortified organic manures are presented in Table 1.

Table 1. NPK content of silt and silt-fortified organic manures

	Treatments
	N (%)
	P (%)
	K (%)

	T1 
	1.33
	0.45
	2.80

	T2 
	1.08
	1.20
	3.69

	T3 
	1.01
	0.12
	2.36

	T4 
	2.04
	1.60
	3.93

	T5 
	1.32
	0.42
	1.27

	T6
	0.13
	0.11
	0.10

	T7 
	0.93
	0.28
	0.25




2.2 Soil analysis 

Samples were collected at 0-15 cm depth from the treatment plots at 2 MAP, 4 MAP and at harvest. The samples were air-dried and sieved through a 2 mm sieve for chemical analyses, including soil pH, electrical conductivity (EC), and available nitrogen (N), phosphorus (P), and potassium (K). For the estimation of soil organic carbon (OC), the samples were further sieved through a 0.5 mm sieve. 

Soil pH was determined in a 1: 2.5 (w/v) soil-water suspension using a pH meter. EC was measured by conductimetry and expressed in dSm-1 [7]. Organic carbon was estimated by wet oxidation method and expressed in percentage [8]. Available N was determined by alkaline potassium permanganate distillation [9], Bray extractable P by ammonium molybdo-blue colour method [10], and available K by flame photometry using neutral normal ammonium acetate as extractant [7]. 

Urease activity was estimated using a modified spectrophotometric method [11]. Dehydrogenase activity was determined using 2,3,5-triphenyl tetrazolium chloride reduction [12], and acid phosphatase activity was measured using p- nitrophenyl phosphate (pNPP) as substrate [13].

2.3 Statistical analysis 

The experimental data were statistically computed by applying the technique of analysis of variance (ANOVA) for RCBD experiment and the significance was tested by F test at P ≤ 0.05 using GRAPES (General R-based Analysis Platform for Experimental Statistics) Stat software, an online agriculture data analysis tool [14].

3. results and discussion

3.1 Soil chemical properties
Soil samples were collected from each treatment plot at bimonthly intervals to evaluate the changes in soil chemical properties, including soil pH, EC, O.C, and available N, P, K. The results are presented in Tables 2-7 and Figure 1.

3.1.1 Temporal changes in soil pH

Soil pH was significantly influenced by silt-fortified organic amendments at different crop growth stages (Table 2). Compared to the initial soil pH (5.46), all treatments recorded relatively higher values during the early stage (2 MAP), followed by a gradual decline towards harvest.

At 2 MAP, soil pH ranged from 5.84 in the control (T₇) to 6.51 in fortified banana pseudostem compost (T₂), indicating a shift from strongly acidic to moderately acidic conditions. Treatments T₂ (silt + banana pseudostem compost), T₄ (silt + poultry manure), and T₅ (silt + farmyard manure) recorded significantly higher pH values than the control. The increase in soil pH during the early stage may be attributed to the release of exchangeable base cations (Ca²⁺, Mg²⁺, and K⁺) during decomposition of organic materials, which displace H⁺ and Al³⁺ from soil exchange sites and thereby reduce soil acidity [16,17]. The buffering capacity imparted by organic matter and the liming effect of poultry manure further contributed to pH amelioration.

At 4 MAP, a gradual decline in pH was observed across most treatments. The lowest pH was recorded in the silt-alone treatment (T₆; 5.71), whereas T₄ (fortified poultry manure) maintained comparatively higher pH (6.27). The reduction in soil pH at this stage may be attributed to intensified microbial activity, organic acid production, and nitrification during active mineralisation, leading to proton (H⁺) release and subsequent acidification [18]. The comparatively stable pH under T₄ suggests a sustained buffering effect due to higher nutrient content and faster mineralization of poultry manure.

At harvest, soil pH further declined, ranging from 5.50 in fortified paddy straw compost (T₁) to 6.15 in fortified poultry manure (T₄). The more pronounced reduction in treatments involving high-carbon residues such as paddy straw and banana pseudostem may be associated with their wider C:N ratio and slower decomposition, resulting in prolonged organic acid production and sustained acidifying effects. Residues rich in lignocellulosic fractions have been reported to induce gradual soil acidification during mineralisation due to continuous formation of low molecular weight organic acids [19].

Overall, although a declining trend in soil pH was observed with crop progression, silt-fortified poultry manure (T₄) consistently maintained relatively higher pH levels throughout the cropping period. This indicates its superior buffering capacity and potential role in ameliorating soil acidity in the acid wetland soils of Kuttanad.




3.1.2 Phasic trend in electrical conductivity (EC)

Soil electrical conductivity (EC) as influenced by different fortified organic inputs and silt is presented in Table 3. At 2 MAP, EC values ranged from 0.172 to 0.218 dS m⁻¹, indicating low to moderate soluble salt concentration across treatments. Among the treatments, fortified farmyard manure (T₅) recorded the highest EC (0.218 dS m⁻¹), followed by fortified poultry manure (T₄) with 0.195 dS m⁻¹, while the lowest EC was observed in fortified water hyacinth compost (T₃) (0.172 dS m⁻¹). The initially higher EC at 2 MAP, particularly in treatments receiving fortified farmyard manure and poultry manure, can be attributed to the release of soluble salts and exchangeable ions such as Ca²⁺, Mg²⁺, K⁺, NH₄⁺, and accompanying anions during the early mineralization of organic inputs. Fortification with fish pond silt, which is rich in fine particles and adsorbed nutrients, further contributed to the temporary increase in ionic concentration in the soil solution [20].

At 4 MAP, EC values ranged from 0.170 to 0.201 dS m-¹, and differences among treatments were statistically non-significant. The slight decline or stabilization observed at this stage may be associated with active nutrient uptake by cassava, microbial immobilization, and possible leaching losses under the humid tropical conditions of Kuttanad [21]. Similar phasic reductions in EC following organic amendments have been reported due to assimilation of released ions into plant biomass and microbial pools [17].

At harvest, EC values varied between 0.179 and 0.198 dS m⁻¹, with no significant differences among treatments. Although fortified treatments maintained numerically higher EC compared to the control (T₇), values remained within the non-saline range (< 2 dS m⁻¹). The slight stabilization or marginal increase in EC in some treatments may be attributed to reduced nutrient uptake during crop maturity and decomposition of root residues [22]. Importantly, the EC values throughout the cropping period were well below salinity threshold levels, indicating that application of silt-fortified organic inputs did not induce salinity stress in cassava, which is moderately sensitive to saline conditions [23].

Table 2. Effect of silt fortified organic manures on soil pH at different crop growth stages

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	6.23ab
	5.73b
	5.50b

	T2 
	6.51a
	5.69b
	5.73b

	T3 
	6.10bc
	5.73b
	5.73b

	T4 
	6.37ab
	6.27a
	6.15a

	T5 
	6.28ab
	6.17a
	6.13a

	T6
	5.86c
	5.71b
	5.64b

	T7 
Sem (±) 
CD (0.05)                               
	5.84c
0.11
0.35
	5.78b
0.06
0.18
	5.74b
0.08
0.25









Table 3. Effect of silt fortified organic manures on soil EC (dS m⁻¹) at different crop growth stages 

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	0.174b
	0.175
	0.182

	T2 
	0.188b
	0.183
	0.187

	T3 
	0.172b
	0.178
	0.179

	T4 
	0.195b
	0.193
	0.196

	T5 
	0.218a
	0.201
	0.198

	T6
	0.176b
	0.170
	0.184

	T7 
Sem (±) 
CD (0.05)                               
	0.184b
0.007
0.23
	0.187
0.007
NS
	0.183
0.006
NS




3.1.3 Temporal changes in soil available organic carbon 

Soil organic carbon (OC) content was significantly influenced by fortified organic inputs at different crop growth stages (Table 4). At 2 MAP, OC content ranged from 1.53% in the control (T₇) to 1.78% in fortified paddy straw compost (T₁). Treatments receiving crop residue–based fortified composts (T₁, T₂, and T₃) recorded significantly higher OC compared to the control and silt-alone treatment. The higher OC under T₁ (1.78%), T₂ (1.77%), and T₃ (1.75%) may be attributed to their lignocellulosic nature and wider C:N ratio, resulting in slower microbial mineralization and reduced carbon loss during early decomposition. In contrast, fortified poultry manure (T₄; 1.72%) recorded comparatively lower OC at this stage, likely due to its narrow C:N ratio and higher proportion of labile organic fractions, which undergo rapid microbial decomposition [22].

Fortification with fish pond silt, rich in fine clay particles and polyvalent cations (Ca²⁺, Mg²⁺, Fe³⁺), may have enhanced organo-mineral interactions, thereby stabilizing organic carbon through mineral associations. Such stabilization mechanisms are widely reported in alluvial and wetland soils where clay-mediated protection reduces microbial accessibility to organic substrates [25].

At 4 MAP, a marginal decline in OC was observed in most treatments; however, differences remained statistically significant. Fortified poultry manure (T₄) maintained OC at 1.72%, followed by T₂ and T₃ (1.68%). The relatively stable OC under T₄ between 2 and 4 MAP suggests rapid microbial assimilation of labile carbon fractions and subsequent formation of microbial-derived organic matter, which contributes to comparatively stable soil carbon pools.
The control (T₇) showed a slight increase in OC from 1.53% to 1.57% at 4 MAP, possibly due to rhizodeposition and root biomass contribution during active vegetative growth. The period between 2 and 4 MAP corresponds to peak vegetative growth of cassava, during which increased root exudation may partially compensate for carbon losses due to mineralization [26].

By harvest, OC declined across treatments, ranging from 1.43% to 1.63%, and differences among treatments were statistically non-significant (CD = NS). The decline reflects progressive mineralization of added organic matter during the cropping period [28]. Although treatments such as fortified water hyacinth compost (T₃; 1.63%) and fortified paddy straw compost (T₁; 1.55%) recorded numerically higher OC compared to the control (1.43%), the absence of statistical significance indicates convergence of carbon levels toward the end of the cropping cycle. The comparatively higher residual OC in crop residue–based treatments may be associated with their recalcitrant carbon fractions, which decompose slowly and contribute to more stable soil carbon pools [29]. Overall, fortified organic inputs enhanced soil organic carbon during early and mid-crop stages, while gradual mineralization reduced differences among treatments at harvest. This trend highlights the role of fortified composts in short-term carbon enrichment and stabilization in the acid wetland soils of Kuttanad.


Table 4. Effect of silt fortified organic manures on soil OC (%) at different crop growth stages 

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	1.78a
	1.66abc
	1.55

	T2 
	1.77ab
	1.68ab
	1.47

	T3 
	1.75ab
	1.68ab
	1.63

	T4 
	1.72a
	1.72a
	1.48

	T5 
	1.67ab
	1.60bcd
	1.55

	T6
	1.66c
	1.53d
	1.52

	T7 
Sem (±) 
CD (0.05)                               
	1.53b
0.04
0.11
	1.57cd
0.03
0.11
	1.43
0.05
NS




3.1.4 Available N content in soil

Available soil nitrogen varied across treatments at different crop growth stages (Table 5). At 2 MAP, available N ranged from 225.79 to 275.96 kg ha⁻¹. Although numerically higher values were observed in fortified organic treatments as compared to the initial soil status (223.46 kg ha-¹), the differences among treatments were statistically non-significant. The higher numerical values under fortified poultry manure (T₄) may be attributed to its higher nitrogen content and rapid mineralization, resulting in early release of ammonium and nitrate forms of nitrogen [30].

At 4 MAP, differences among treatments became statistically significant. Fortified poultry manure maintained comparatively higher available N, followed by fortified farmyard manure and residue-based composts. The increase at this stage reflects continued mineralization of organic inputs synchronized with peak vegetative growth of cassava.

Towards harvest, available N declined across treatments, corresponding with nitrogen uptake and redistribution by cassava during tuber development [23]. Despite the overall reduction, fortified poultry manure sustained relatively higher nitrogen availability, likely due to its balanced nutrient release pattern and higher mineralization rate [31].

Compost-based treatments such as fortified paddy straw compost and banana pseudostem compost showed moderate nitrogen release due to slower decomposition of lignin-rich residues, which supply nitrogen in a phased manner [32,33]. The comparatively lower available N under silt-alone treatment may be due to limited nitrogen content and possible microbial immobilization.

Overall, while early-stage differences were statistically non-significant, fortified organic inputs particularly poultry manure enhanced nitrogen availability during active crop growth and supported sustained nitrogen supply throughout the cropping period [34].






Table 5. Effect of silt fortified organic manures on available soil N (kg ha-¹) at different crop growth 
Stages

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	259.23
	238.33ab
	236.44ab

	T2 
	242.51
	229.97bc
	227.26bc

	T3 
	250.87
	225.79bc
	224.91bc

	T4 
	275.96
	265.89a
	265.33a

	T5 
	238.33
	242.52ab
	239.95ab

	T6
	225.78
	199.20c
	199.57c

	T7 
Sem (±) 
CD (0.05)                               
	234.15
10.93
 NS
	224.26bc
 11.32
 34.90
	221.09bc
10.09
 31.10




3.1.5 Available P content in soil

  The available P content in soil varied significantly among the treatments across different crop growth stages (Table 6). At 2 MAP, fortified poultry manure recorded the highest available P (61.52 kg ha-¹) which was significantly superior to all other treatments, followed by fortified paddy straw compost (49.50 kg ha-¹). The lowest available P was observed in silt (35.80 kg ha⁻¹). 
At 4 MAP, available P decreased across all treatments, with poultry manure still maintaining the highest value (58.83 kg ha-¹). Fortified water hyacinth compost and farmyard manure showed moderate levels (41.02 and 40.05 kg ha-¹, respectively), while silt continued to record the lowest P (35.35 kg ha-¹). By harvest, available P declined further, showing a cumulative depletion due to crop uptake. Fortified poultry manure (52.90 kg ha-¹) still sustained the maximum available P, whereas the minimum was in fish pond sediment/silt (31.32 kg ha-¹). The control showed intermediate values throughout the crop cycle. Available P declined progressively from initial stages to harvest, due to plant uptake for tuber development and potential soil fixation [35]. Poultry manure was most effective at maintaining higher P availability, aligning with studies that credit its solubility, fast mineralization, and organic acid production for releasing fixed phosphorus. Other fortified composts provided a moderate, sustained release of P. In contrast, fish pond sediment was least effective due to its low inherent P content and high P-sorption capacity. This trend is consistent with cassava's known P uptake pattern, which is concentrated in the first 4-6 months for vegetative growth and tuber initiation [36].

Table 6. Effect of silt fortified organic manures on available soil P (kg ha-¹) at different crop growth stages

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	49.50b
	48.23b
	41.96b

	T2 
	45.84c
	45.91b
	41.43b

	T3 
	41.36d
	41.02c
	37.78c

	T4 
	61.52a
	58.83a
	52.90a

	T5 
	42.59cd
	40.05c
	34.23d

	T6
	35.80e
	35.35d
	31.32e

	T7 
Sem (±) 
CD (0.05)                               
	41.36d
1.09
3.38
	40.43c
1.28
3.95
	33.03de
0.88
2.72



3.1.6 Available K content in soil

The available K content in soil exhibited significant variation across treatments and growth stages (Table 7). At 2 MAP, fortified poultry manure recorded the maximum available K (365.04 kg ha⁻¹), closely followed by fortified paddy straw compost (350.52 kg ha⁻¹). The lowest potassium content was observed in silt (227.17 kg ha⁻¹). At 4 MAP, a slight decline in available K was observed across all treatments. Poultry manure (355.41 kg ha⁻¹) and paddy straw compost (344.73 kg ha⁻¹) remained the highest, whereas fish pond sediment continued to record the lowest (222.54 kg ha⁻¹). By harvest, potassium availability further declined in most treatments. Fortified poultry manure still sustained a higher level (345.22 kg ha⁻¹), whereas fortified farmyard manure and water hyacinth compost dropped to 260.21 and 269.54 kg ha⁻¹, respectively. The lowest K availability was in fish pond sediment (213.95 kg ha⁻¹). 
  	
The general declining trend of available K from 2 MAP to harvest can be attributed to continuous crop uptake, leaching losses in the Kuttanad ecosystem, and partial fixation in clay minerals. Cassava is a high K-demanding crop, requiring potassium for root bulking, starch accumulation, and overall yield formation [37]. Among the amendments, fortified poultry manure consistently recorded the highest available K, indicating its superior nutrient-releasing potential. Poultry manure is known to release exchangeable K through rapid mineralization of organic matter and also enhances cation exchange capacity, which reduces leaching losses [38].

The high performance of paddy straw compost can be linked to its relatively high K content and gradual mineralization, which aligns with reports that straw-based amendments are particularly effective in replenishing soil K reserves [39]. Conversely, silt showed the lowest available K due to its inherently low K content and stronger binding of K to sediment particles, reducing release into soil solution [40].

The near-stability of available K in the control treatment (FYM alone) may be due to the added chemical fertilizer component, which ensures steady K availability but lacks the buffering capacity of organic inputs to sustain higher levels at later stages. In contrast, poultry manure and crop residue composts more effectively sustained soil potassium availability through improved cation exchange capacity and microbial activity [41]. 

Table 7. Effect of silt fortified organic manures on available soil K (kg ha-¹) at different crop growth stages

	Treatments
	2 MAP
	4 MAP
	Harvest

	T1 
	350.51ab
	344.73a
	346.30a

	T2 
	288.43c
	274.39c
	288.36bc

	T3 
	301.91c
	277.23c
	269.54cd

	T4 
	365.04a
	355.41a
	345.21a

	T5 
	295.82c
	268.38c
	260.21d

	T6
	227.17d
	222.54d
	213.95e

	T7 
Sem (±) 
CD (0.05)                               
	315.35bc
14.77
45.53
	310.42b
10.57
32.58
	312.36b
8.43
25.97







3.1.7 Trends in urease, dehydrogenase and phosphatase activities in soil

 The application of different fortified organic amendments significantly influenced the activity of soil enzymes like urease, dehydrogenase, and phosphatase in the cassava rhizosphere at different crop growth stages. 
  Urease activity, which is crucial for N mineralization, showed a distinct temporal pattern across all treatments as shown in fig 1a. The initial soil urease activity was 26.81 µg g⁻¹ h⁻¹ and application of fortified organic inputs showed marked variations across crop growth stages. At 2 MAP, urease activity ranged from 32.68 to 47.62 µg g⁻¹ h⁻¹, with fortified paddy straw compost (T₁) recording the highest activity, on par with fortified poultry manure (T₄). The lower activity under silt (T₆) reflected its limited supply of labile organic nitrogen and weaker microbial stimulation [42]. A distinct peak in urease activity was observed at 4 MAP, coinciding with the active vegetative phase of cassava. Values ranged from 39.81 to 56.21 µg g⁻¹ with T₁ and T₄ registering significantly higher activity. This enhancement may be attributed to increased microbial biomass, root exudation, and rapid mineralization of organic nitrogen, particularly under amendments with narrow C:N ratios [43]. By harvest, urease activity declined (24.29-37.63 µg g⁻¹ h⁻¹), likely due to substrate depletion and reduced rhizospheric activity. Nevertheless, organically fortified treatments maintained higher urease activity than silt and control treatments, indicating sustained nitrogen transformation [44].

Soil dehydrogenase activity increased markedly in all treatments compared to the initial value of 5.82 µg TPF g⁻¹ h⁻¹, indicating strong microbial stimulation following the application of organic inputs as shown in fig 1b. At 2 MAP, fortified organic amendments significantly enhanced dehydrogenase activity over the control and silt treatments, with fortified paddy straw compost (T₁) and fortified poultry manure (T₄) recording the highest activities. This early increase reflects the availability of readily decomposable carbon and nutrients that stimulate microbial respiration and intracellular enzyme synthesis [45]. At 4 MAP, dehydrogenase activity peaked across treatments, with T₄ (33.61 µg TPF g⁻¹ h⁻¹) showing a statistically superior response, followed by T₁ and T₂. The peak activity at this stage can be attributed to the combined effect of active root growth, higher root exudation, and sustained mineralization of organic substrates [46]. Poultry manure, due to its narrow C:N ratio and higher nutrient density, is known to promote rapid microbial proliferation and enzymatic activity [47]. By harvest, dehydrogenase activity declined in all treatments but remained higher than the initial soil status, with T₄ and T₅ maintaining comparatively greater activity. The reduction at harvest is commonly associated with depletion of labile carbon pools and reduced rhizosphere activity as the crop approaches maturity [48]. The consistently lower dehydrogenase activity under fish pond sediment (T₆) highlights the limited role of mineral-rich but carbon-poor inputs in stimulating soil microbial activity.

Soil phosphatase activity increased markedly over the initial value of 296.77 µg p-nitrophenol g⁻¹ h⁻¹ in all fortified organic treatments, indicating enhanced biological phosphorus mineralization as shown in fig 1c. At 2 and 4 MAP, significantly higher activity was recorded under fortified poultry manure (T₄), followed by fortified water hyacinth (T₃) and banana pseudostem compost (T₂), while fish pond sediment and the control showed the lowest values. The peak at 4 MAP coincided with active crop growth and higher root exudation, which stimulates microbial and root-derived phosphatase production [49]. By harvest, phosphatase activity declined in all treatments but remained higher than the initial soil status, particularly in T₄, reflecting sustained mineralization of organic P. The relatively lower activity under sediment alone confirms that carbon-rich organic inputs are essential for enzyme synthesis [50]. Overall, fortified organic manures, especially poultry manure, effectively enhanced soil phosphatase activity and thereby improved P cycling and soil biological health. 
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Fig. 1b
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Fig. 1c 



Fig. 1(a,b,c). Pattern of soil enzyme activities under silt-fortified organic manure treatments at different crop growth stages

4. Conclusion

The present study demonstrated that fortification of locally available organic resources significantly improved soil chemical properties under cassava cultivation in the Kuttanad ecosystem. At harvest, fortified poultry manure (T4) recorded the highest soil pH (6.15), available nitrogen (265.33 kg ha-1), available phosphorus (52.90 kg ha-1), and available potassium (345.22 kg ha-1), indicating superior enhancement of soil fertility compared to other treatments and control. Soil organic carbon levels were also maintained at higher values under fortified organic treatments (1.48-1.63%) compared to the control (1.43%).

Fortified crop-residue composts (T1 and T3) also performed well, particularly in improving soil organic carbon (up to 1.63%) and available potassium (up to 346.30 kg ha-1 in T1), demonstrating their potential for sustaining soil nutrient reserves. In contrast, fish pond silt applied alone (T6) recorded comparatively lower available N (199.57 kg ha-1), P (31.32 kg ha-1), and K (213.95 kg ha-1), highlighting that fortification with nutrient-rich organic materials is essential for maximizing its effectiveness. 

Based on the consistent improvement in soil pH, organic carbon, and available NPK status, fortified poultry manure can be recommended as a sustainable and location-specific nutrient management strategy for cassava cultivation in Kuttanad soils. The integration of silt-fortified organic amendments provides a practical approach for recycling local bioresources, improving soil fertility, and enhancing resilience of cassava-based production systems in fragile wetland agroecosystems.
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