



Bioconversion of Spent Mushroom Substrate and Arecanut Husk into Organic Manure and Its Effect on French Bean (Phaseolus vulgaris L.)
ABSTRACT
The present study investigated the bioconversion of spent mushroom substrate (SMS) and arecanut husk (AH) into nutrient-rich organic manure using microbial decomposers. Considering the large quantities of SMS and AH generated annually and their slow degradability, the research aimed to develop an eco-friendly method to manage these agro-industrial residues while improving soil fertility. Proximate analysis of SMS and AH revealed high carbon content with a wide C:N ratio and low nutrient levels, indicating the need for microbial intervention. Composting experiments under greenhouse conditions employed various combinations of AH and SMS (90:10, 80:20, 70:30 and 100 %) enriched with microbial decomposers (Paenibacillus mucilaginosus, Bacillus subtilis and Pleurotus ostreatus) along with urea, gliricidia and rock phosphate. Physico-chemical parameters, enzymatic activities and microbial populations were monitored at intervals up to 180 days. The 70 % AH + 30 % SMS treatment (T5) showed the highest nutrient enrichment, C:N ratio reduction, and enzyme activities, producing compost meeting Fertilizer Control Order (FCO, 1985) standards. Pot culture experiments on French bean (Phaseolus vulgaris L.) demonstrated that integration of organic manure with recommended NPK doses, particularly at 125 % OM (T6), significantly enhanced plant growth, leaf area and soil biological fertility. The study concludes that co-composting AH and SMS using microbial decomposers is an effective, economically viable and environmentally sustainable method for producing high-quality organic manure, promoting plant growth and improving soil health.
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1. INTRODUCTION
The global demand for mushrooms has risen considerably due to their nutritional value, unique taste, and medicinal properties. Worldwide mushroom cultivation reached approximately 48.34 million tonnes in 2023, with a compound annual growth rate (CAGR) of 8.26 % over the past two decades (Bijla, 2023). China dominates production, contributing nearly 75 % of global output, while India ranks fifth with 201,000 tonnes annually. Commonly cultivated mushrooms in India include button (Agaricus bisporus), oyster (Pleurotus spp.), paddy straw (Volvariella volvacea) and milky mushrooms (Calocybe indica), with oyster mushrooms gaining popularity for their adaptability and medicinal benefits (IMARC, 2024).

Mushroom cultivation generates large quantities of spent mushroom substrate (SMS), estimated at 242 million tonnes annually worldwide (STATISTA, 2022). SMS, a lignocellulosic by-product, is generated at approximately 5 kg per kg of mushroom harvested. Improper disposal leads to environmental issues such as foul odours, water contamination, greenhouse gas emissions and increased transportation costs (Leong et al., 2022). Various applications for SMS include soil amendment, fertilizer substitute, animal feed, and vermicomposting.

Arecanut (Areca catechu L.) is a major crop in Southeast Asia, with India producing 1.41 million tonnes from 9.49 lakh hectares in 2023–24 (Government of India, 2025). The fibrous outer husk of the arecanut constitutes 65–80 % of the fruit weight and is mostly discarded, causing environmental problems due to slow decomposition and fire hazards (Deshmukh et al., 2019). Despite containing valuable bioactive compounds, the literature on AH utilization in organic manure production is limited.

Co-composting SMS and AH offers a sustainable solution, as SMS provides lignocellulolytic enzymes and microbial communities that can accelerate AH degradation. Organic manure produced from this combination can improve soil fertility and crop growth. French bean (Phaseolus vulgaris L.) was selected as the test crop due to its nutritional significance and contribution to soil nitrogen through biological fixation.
2. MATERIAL AND METHODS
2.1 Raw Materials and Proximate Analysis:
   
Spent mushroom substrate (SMS) and arecanut husk (AH) were collected locally. Physico-chemical parameters, including pH, electrical conductivity (EC), organic carbon, total nitrogen, phosphates, potash and C:N ratio were determined following standard procedures (Jackson, 1973; Hesse,1971; Piper,1966).
2.2 Composting Experiment:
The composting study was conducted under greenhouse conditions using a completely randomized design (CRD). Treatments included various ratios of AH and SMS (100 %, 90:10, 80:20, 70:30) enriched with microbial decomposers (Paenibacillus mucilaginosus, Bacillus subtilis, Pleurotus ostreatus) along with urea, gliricidia and rock phosphate. Samples were collected at regular intervals to monitor compost maturity, nutrient transformation, enzymatic activities (urease, dehydrogenase, phosphatase), and microbial population dynamics (bacteria, fungi, actinomycetes).
Table 1. Treatment details used in composting 

	Treatment
	Composition

	T1
	Arecanut husk 100 % 

	T2
	AH 100 % + Microbial decomposers 0.5 % + Urea 1 % + Rock phosphate 5 % + Gliricidia 20 % 

	T3
	AH 90 % + SMS 10 %+ Microbial decomposers 0.5 % + Urea 1 % + Rock phosphate 5 % + Gliricidia 20 % 

	T4
	AH 80 % + SMS 20 % + Microbial decomposers 0.5 % + Urea 1 % + Rock phosphate 5 % + Gliricidia 20 % 

	T5
	AH 70 % + SMS 30 % + Microbial decomposers 0.5 % + Urea 1 % + Rock phosphate 5 % + Gliricidia 20 % 


             Note: AH- Arecanut husk, SMS- Spent mushroom substrate

2.3 Pot Culture Experiment:
French bean (Phaseolus vulgaris L., Arka Arjun variety) was grown in pots under greenhouse conditions using six treatments: control, sole NPK, NPK + FYM and NPK + 75 %, 100 %, 125 % organic manure derived from T5 compost. Growth parameters (plant height, number of leaves, branches, leaf area, leaf area index) and soil physicochemical and biological properties (pH, EC, organic carbon, microbial populations) were recorded till 30 days after sowing (DAS).
Treatments details:
List 1 - Treatments details
	T1  :
	Control

	T2  :
	RD NPK

	T3  :
	RD NPK + 100 % FYM

	T4  :
	RD NPK + 100 % OM

	T5  :
	RD NPK + 75 % OM

	T6  :
	RD NPK + 125 % OM


                                   Note:- FYM- Farmyard manure 

OM- organic manure produced from SMS and Arecanut husk (of best treatment T5: AH 70    % + SMS 30 %) RD NPK - recommended dose of NPK (63:100:75)

3.  RESULTS AND DISCUSSION
3.1 Proximate analysis of spent mushroom substrate and arecanut husk

The proximate analysis showed clear compositional differences between arecanut husk and spent mushroom substrate (SMS) (Table 2). Arecanut husk had higher total organic carbon (55.63 %) than SMS (40.78 %) due to its lignocellulosic nature (Gokul et al., 2019), while the lower TOC in SMS reflects carbon utilization during fungal growth (Ahlawat and Sagar, 2007). SMS contained more nitrogen (0.91 %) than arecanut husk (0.38 %), aligning with reported values for Pleurotus-derived SMS (Mortada et al., 2020; Owaid et al., 2017). The high C:N ratio of arecanut husk (144:1) indicates poor decomposability, requiring nitrogen-rich amendments like urea or gliricidia (Madrid et al., 2000; Verma et al., 2023). Arecanut husk had slightly higher phosphorus (0.10 %) but lower potassium (0.77 %) than SMS (0.04 % and 1.37 %, respectively) (Sabithadevi et al., 2021; Ma et al., 2025). The addition of rock phosphate (5 %) can balance nutrients (Jagadeesha et al., 2021). Arecanut husk was strongly alkaline (pH 9.08) due to alkaloids and salts (Wagner and Bladt, 1996), whereas SMS had a near-neutral pH (7.01) and slightly higher EC (0.45 dS/m), favorable for composting (Gokul et al., 2019).
Table 2. Proximate analysis of spent mushroom substrate and arecanut husk

	Sl.no
	Characters
	Arecanut husk
	SMS

	1
	Total Organic Carbon (%)
	55.63 ±0.26
	40.78±0.13

	2
	Total Nitrogen (%)
	0.38±0.01
	0.91±0.02

	3
	Total Phosphates (%)
	0.10±0.02
	0.04±0.01

	4
	Total Potash (%)
	0.77±0.01
	1.37±0.01

	5
	C:N ratio
	144:1±5.11
	45:1±3.17

	6
	pH
	9.08±0.02
	7.01±0.05

	7
	EC (dS/m)
	0.30±0.02
	0.45±0.02


3.2 Composting dynamics of spent mushroom substrate and arecanut husk using microbial decomposers
The changes in pH, electrical conductivity (EC) and total organic carbon (TOC) during composting of arecanut husk and spent mushroom substrate (SMS) are presented in Table 3. A gradual decline in pH was observed across all treatments, decreasing from 9.01–9.08 at the start to 6.05–7.66 after 180 days, with the lowest in T2 (6.05). The reduction in pH resulted from microbial degradation of organic matter and the formation of organic acids (Mehta and Karnwal, 2013). The near-neutral pH of T5 (6.83) complied with FCO standards (6.5–7.5), indicating compost maturity (Bernal et al., 2009). EC showed a steady increase from 0.29–0.38 dS m⁻¹ initially to 1.14–2.34 dS m⁻¹ after 180 days, attributed to mineralization and the release of soluble salts such as K⁺, Ca²⁺ and Mg²⁺ (Bernal et al., 2009; Mehta and Karnwal, 2013). All treatments remained below the FCO limit of 5 dS m⁻¹. TOC declined from 49.99–55.51 % initially to 22.53–45.17 % by day 180, with the highest reduction in T5, reflecting enhanced microbial oxidation and CO₂ release (Maheswari et al., 2015; Yang et al., 2024). Overall, composts containing SMS, microbial inoculants (Paenibacillus mucilaginosus, Bacillus subtilis, and Pleurotus ostreatus), and nitrogen-rich amendments showed faster stabilization and greater nutrient enrichment, producing mature, high-quality compost.
Table 3. Changes in pH, electrical conductivity (EC), and total organic carbon (TOC) during composting of arecanut husk and spent mushroom substrate (SMS) over 180 days
	Treatment
	pH
	EC (dS/m)
	OC (%)

	
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day

	T1
	9.08a
	8.00a
	7.66e
	0.30b
	1.14b
	1.14c
	55.51a
	49.18a
	45.17a

	T2
	9.03a
	7.94a
	6.05d
	0.30b
	1.55ab
	1.74b
	54.13a
	34.59b
	30.67b

	T3
	9.01a
	7.68b
	6.39c
	0.29b
	1.58ab
	1.89b
	51.53b
	33.25bc
	28.05c

	T4
	9.02a
	7.64b
	6.58b
	0.38a
	1.62ab
	2.32a
	50.69b
	32.52bc
	26.56c

	T5
	9.03a
	7.58b
	6.83a
	0.34ab
	1.77a
	2.34a
	49.99b
	31.08c
	22.53d


Note: DAC- days of composting
 Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.


Changes in total nitrogen (TN), total phosphates, total potash, and C:N ratio during 

The changes in total nitrogen (TN), total phosphates, total potash and C:N ratio during composting of arecanut husk and spent mushroom substrate (SMS) are presented in Table 4. Total nitrogen increased steadily from 0.38–0.47 % at the start to 0.43–1.14 % after 180 days, with the highest in T5 containing SMS, gliricidia, urea, rock phosphate and microbial inoculants. The rise in TN resulted from carbon mineralization and microbial activity enhancing nitrogen retention (Bernal et al., 2009; Sabithadevi et al., 2021). Total phosphates also increased from 0.10–0.14 % to 0.26–0.56 %, attributed to phosphate-solubilizing bacteria (Paenibacillus mucilaginosus, Bacillus subtilis) and the action of Pleurotus ostreatus on lignocellulosic residues (Ahmad et al., 2022; Jagadeesha et al., 2021). Potash content rose from 0.77–0.79 % to 1.31–1.78 %, reflecting nutrient mineralization and potassium release (Gurumurthy et al., 2018). Concurrently, the C:N ratio declined sharply from 146.05–106.14 to 105.86–19.76, meeting the FCO standard (<20) in T5, indicating compost maturity (Maheswari et al., 2015). Overall, SMS-based treatments with microbial inoculants and organic amendments significantly enhanced nutrient enrichment and accelerated compost stabilization.
Table 4. Changes in total nitrogen (TN), total phosphates, total potash, and C:N ratio during composting of arecanut husk and spent mushroom substrate (SMS) over 180 days
	Treatment
	Total Nitrogen (%)
	Total Phosphates (%)
	Total Potash (%)
	C:N

	
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day

	T1
	0.38c
	0.42e
	0.43e
	0.10a
	0.22b
	0.26d
	0.77a
	0.84d
	1.31d
	146.05a
	117.18a
	105.86a

	T2
	0.42bc
	0.53d
	0.74d
	0.13a
	0.31a
	0.39c
	0.79a
	0.92c
	1.40cd
	130.34ab
	64.92b
	41.71b

	T3
	0.43abc
	0.60c
	0.88c
	0.13a
	0.32a
	0.42bc
	0.79a
	0.95c
	1.45c
	121.08bc
	53.13c
	31.95c

	T4
	0.46ab
	0.71b
	1.06b
	0.13a
	0.36a
	0.45b
	0.78a
	1.02b
	1.57b
	110.35c
	44.62d
	25.14d

	T5
	0.47a
	0.76a
	1.14a
	0.14a
	0.36a
	0.56a
	0.78a
	1.11a
	1.78a
	106.14c
	40.71d
	19.76e


Note:  Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

3.3 Enzymatic activity during arecanut husk and SMS composting

The dynamics of urease, dehydrogenase, acid phosphatase (AcP) and alkaline phosphatase (AP) activities during composting of arecanut husk (AH) and spent mushroom substrate (SMS) are presented in Table 5. Dehydrogenase activity (DHA), an indicator of overall microbial oxidative metabolism, ranged from 24.73 μg TPF g⁻¹ 24h⁻¹ (T1) to 44.67 μg TPF g⁻¹ 24h⁻¹ (T5) at initial day of composting. DHA increased sharply to maximum values at 90 days (74.76–119.49 μg TPF g⁻¹ 24h⁻¹), followed by a decline at 180 days (34.87–53.02 μg TPF g⁻¹ 24h⁻¹), reflecting the transition from active decomposition to maturation (El Fels et al., 2024). Treatments with SMS and microbial inoculants (T3–T5) showed higher DHA, indicating enhanced microbial metabolism and faster degradation of labile organic matter. Urease activity exhibited a bell-shaped trend, increasing from 22.85–26.62 μg NH₄⁺ g⁻¹ h⁻¹ at initial day to peaks at 90 days (104.89–152.04 μg NH₄⁺ g⁻¹ h⁻¹) and declining thereafter (56.48–81.71 μg NH₄⁺ g⁻¹ h⁻¹). Elevated urease in T3–T5 reflects accelerated nitrogen mineralization due to microbial stimulation, substrate diversity, and nutrient amendments (Jiang et al., 2021; El Fels et al., 2024). Acid phosphatase (AcP) activity increased steadily from 82.46–102.13 μg PNP g⁻¹ h⁻¹ at initial day to 148.26–295.20 μg PNP g⁻¹ h⁻¹ at 90 days, stabilizing by 180 days (162.82–314.14 μg PNP g⁻¹ h⁻¹). Similarly, alkaline phosphatase (AP) activity rose from 141.04–162.98 μg PNP g⁻¹ h⁻¹ to peaks of 206.72–288.95 μg PNP g⁻¹ h⁻¹ at 90 days and slightly declined by 180 days (178.44–232.71 μg PNP g⁻¹ h⁻¹). These patterns indicate sustained microbial phosphorus mineralization, with SMS and nutrient-amended treatments (T3–T5) enhancing enzyme production and compost maturity (Albrecht et al., 2010; Lakshmi et al., 2014).

Overall, enzymatic activities followed a typical bell-shaped or increasing-stabilization pattern, reflecting microbial proliferation during the active phase and stabilization during maturation. Treatments incorporating SMS, microbial inoculants and nutrient amendments consistently showed higher enzymatic activity, confirming their role in accelerating compost stabilization and nutrient transformation.
Table 5. Changes in enzyme activities during composting of arecanut husk and spent mushroom substrate (SMS)

	Treatment
	Urease activity

(μg NH4+ /g/h)
	Dehydrogenase activity (TPF μg/g/24h) 
	Acid phosphates 

(µg PNP/g/h)


	Alkaline phosphates

 (µg PNP/g/h)



	
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day

	T1
	22.85c
	104.89c
	56.48b
	24.73c
	74.76e
	34.87d
	82.46b
	148.26e
	162.82e
	141.04b
	206.72e
	178.44e

	T2
	23.81c
	112.98c
	61.61b
	33.90b
	96.96d
	45.87c
	92.98a
	180.28d
	208.21d
	140.98b
	223.68d
	202.80d

	T3
	24.51bc
	132.21b
	63.97ab
	33.46b
	104.15c
	50.84b
	98.69a
	233.30c
	259.55c
	142.39b
	249.77c
	218.28c

	T4
	25.78ab
	138.64b
	81.71a
	41.19a
	112.13b
	51.85ab
	100.85a
	266.65b
	290.47b
	157.64a
	273.84b
	227.11b

	T5
	26.62a
	152.04a
	73.45ab
	44.67a
	119.49a
	53.02a
	102.13a
	295.20a
	314.14a
	162.98a
	288.95a
	232.71a


Note:  Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

3.4 Microbial Population Dynamics During Composting

Bacterial, fungal and actinomycetes populations in SMS and arecanut husk compost showed a general pattern of rapid increase during the early phase (initial–90 days), followed by stabilization or slight decline towards 180 days (Table 6). Bacterial initial counts ranged from 5.75 × 10⁷ g⁻¹ (T1) to 10.95 × 10⁷ g⁻¹ (T4). Populations peaked at 90 days in T5 (143.5 × 10⁷ g⁻¹) and declined by 180 days, with T5 maintaining the highest bacterial density (69.75 × 10⁷ g⁻¹). Treatments with microbial decomposers and nutrient amendments (T2–T5) consistently supported higher bacterial growth than the control (Aguilar et al., 2023). Fungal initial populations ranged from 1.63 × 10⁴ g⁻¹ (T1) to 6.78 × 10⁴ g⁻¹ (T5). Peak fungal counts at 90 days were highest in T5 (51.25 × 10⁴ g⁻¹). By 180 days, fungal populations declined slightly, reflecting substrate depletion and microbial competition. Actinomycetes populations peaked at 90 days, with T5 showing the highest counts (97 × 10⁴ g⁻¹). Final populations at 180 days were 52 × 10⁴ g⁻¹ in T5 and 18.25 × 10⁴ g⁻¹ in T1, highlighting the role of actinomycetes in decomposing complex lignocellulosic materials (Aguilar et al., 2023).

Overall, T5 consistently exhibited the highest microbial populations throughout composting, demonstrating that substrate composition and microbial amendments accelerate decomposition and compost maturation.

Table 6. Changes in microbial populations during composting of arecanut husk and spent mushroom substrate (SMS)

	Treatment
	Bacterial Population
(CFU x 107 g-1)
	Fungal Population
(CFU x 104 g-1)
	         Actinomycetes Population (CFU x 104 g-1)

	
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day
	Initial
	90 day
	180 day

	T1
	5.75a
	50.50c
	22.50c
	1.625c
	12.00d
	4.00c
	8.25a
	39.50c
	18.25b

	T2
	8.88a
	91.50b
	30.00c
	3.75bc
	18.25cd
	13.50b
	7.75a
	49.50c
	20.25b

	T3
	7.52a
	109.25b
	47.00b
	4.85ab
	24.50c
	21.00ab
	8.40a
	79.25b
	38.00a

	T4
	10.95a
	116.75b
	65.75a
	5.08ab
	38.50b
	23.00a
	6.45a
	95.00a
	41.75a

	T5
	10.58a
	143.50a
	69.75a
	6.78a
	51.25a
	23.50a
	6.68a
	97.00a
	52.00a


Note:  Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

3.5 Quality and economic assessment of SMS and arecanut husk based compost (T5)

The composting of SMS and arecanut husk (T5) was completed at 180 days, achieving a C:N ratio of 19.76, indicating maturity according to FCO guidelines. The final product met the quality standards for organic manure (Table 7). Moisture content was 20.44 % (<25 % limit), bulk density 0.51 g/cm³ (<1.0 g/cm³), and >90 % of particles passed through a 4 mm sieve, indicating uniformity and suitability for field application (FCO, 1985). The compost was rich in nutrients: total organic carbon 22.53 %, N 1.14 %, P₂O₅ 0.56 %, K₂O 1.775 %, and total NPK 3.47 %, with a neutral pH of 6.83 and conductivity 2.34 dS/m. Pathogenicity tests confirmed the absence of coliforms, and heavy metal concentrations (As, Cd, Cr, Cu, Hg, Ni, Pb, Zn) were well below FCO permissible limits, confirming the compost’s safety for agricultural use (Plate 1). The Germination Index (GI) of 87.36 % indicated the compost was non-phytotoxic and suitable for supporting seed germination and plant growth (Zucconi et al., 1981).
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Plate 1: SMS and Arecanut husk based Organic manure of different treatments at 180 days of composting
Economic Viability: Production of T5 compost was economically feasible, with a Benefit:Cost (B:C) ratio of 1.65, indicating that for every ₹1 invested, ₹1.65 is returned (Kumar et al., 2021). The low cost of raw materials (SMS and arecanut husk), moderate labour and high market value of finished compost (as full fills FCO standards) contributed to profitability. These results demonstrate that T5 compost is mature, nutrient-rich, safe and economically viable, making it suitable for sustainable agricultural applications.
Table 7. Quality parameters of SMS and arecanut husk based organic manure
	Parameter
	FCO requirement
	Observed values

(T5 treatment)

	Moisture percent by weight
	Max 25.00
	20.44 %

	Particle size
	Minimum 90 % material should pass through 4.0mm IS sieve
	>90 % pass through 4.0mm IS sieve

	Bulk density (g/cm3)
	< 1.0
	0.51

	Total organic carbon per cent by weight
	Minimum 14.0
	22.53

	Total nitrogen (as N) per cent by weight
	Minimum 0.5
	1.14

	Total phosphates (as P2O5) per cent
	Minimum 0.5
	0.56

	Total potash (as K2O) per cent by weight
	Minimum 0.5
	1.775

	NPK nutrients
	Not less than 3 %
	3.47 %

	C:N ratio
	<20
	19.76

	pH
	6.5-7.5
	6.83

	Conductivity (dS/m)
	Not more than 5.0
	2.34

	Pathogens
	nil
	nil

	Heavy metal content (mg/kg), maximum

As2O3
Cd

Cr

Cu

Hg

Ni

Pb

Zn
	10.00

5.00

50.00

300.00

0.15

50.00

100.00

1000.00
	0.88

1.89

20.94

13.71

0.00

8.85

1.70

53.50


Note: T5 Treatment- AH 70 % + SMS 30 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)

3.6 Effect of SMS and arecanut husk based organic manure on growth parameters of French Bean

The effect of SMS and arecanut husk-based organic manure (OM) in combination with recommended dose of NPK (RD NPK) on vegetative growth of French bean was significant across all measured parameters (Plate 2). Plant height, number of leaves, number of branches, leaf area, and leaf area index (LAI) increased progressively from 15 to 30 days after sowing (DAS), with T6 (100 % NPK + 125 % OM) consistently recording the highest values (80.35 cm plant height, 22.25 leaves, 7 branches, 398.98 cm² leaf area, 1.33 LAI at 30 DAS), followed by T4 (100 % NPK + 100 % OM) and T5 (100 % NPK + 75 % OM), while the control (T1) had the lowest growth. The enhanced growth in OM-amended treatments can be attributed to the sustained release of nutrients from organic matter, improved soil physical properties, and increased microbial activity, which facilitated better root development, nutrient uptake, leaf expansion, and branching. The synergistic effect of organic and inorganic nutrient sources promoted denser canopy formation and higher LAI, which can improve light interception and photosynthetic efficiency. These findings are consistent with earlier reports (Deepa, 2022; Kumar et al., 2023; Espinoza et al., 2024), demonstrating that integrated nutrient management using SMS and arecanut husk-based OM with NPK significantly enhances vegetative growth and has the potential to increase biomass and yield in French bean cultivation (Table 8).

Table 8. Effect of SMS and arecanut hush based organic manure on growth parameters of French bean at 30 days after sowing

	Treatment
	Growth parameters (30 DAS)

	
	Plant Height (cm)
	Number of Leaves per Plant
	Number of branches per Plant
	Leaf area (cm2)
	Leaf area Index

	T1
	43.08d
	14.50c
	4.50c
	191.74e
	0.64e

	T2
	54.32c
	17.00bc
	5.00c
	293.49d
	0.98d

	T3
	61.50bc
	20.00ab
	6.25b
	343.81c
	1.15c

	T4
	69.50b
	21.25ab
	6.75a
	386.10a
	1.29a

	T5
	69.70b
	20.25ab
	6.00b
	359.72b
	1.20b

	T6
	80.35a
	22.25a
	7.00a
	398.98a
	1.33a


Note- DAS- Days after sowing  

OM= organic manure produced from SMS and Arecanut husk of the best treatment 

RD NPK – recommended dose of NPK
Values represent treatment means. Standard error of mean [SE(m) ±] and critical difference (CD) are given separately. Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

	T1- Control

T2- RD NPK

T3- RD NPK (100 % NPK + 100 % FYM)
	T4- RD NPK (100 % NPK +100 % OM)

T5- RD NPK (100 % NPK + 75 % OM)

T6- RD NPK (100 % NPK +125 % OM)
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Plate 2: Effect of different treatments on growth of French bean at a. 20 days after sowing, b. 30 days after sowing
3.7 Effect of SMS and arecanut husk based organic manure on soil chemical parameters (pH, EC and OC) in French bean rhizosphere
The application of spent mushroom substrate (SMS) and arecanut husk-based organic manure (OM) in combination with recommended dose of NPK (RD NPK) significantly influenced soil chemical properties in the French bean rhizosphere across different growth stages (Table 9). Soil pH was consistently higher in organic-amended treatments, with T6 (100 % NPK + 125 % OM) recording the highest values (6.61 at initial DAS and 6.46 at 30 DAS), while the control (T1) showed the lowest pH. The rise in pH in OM treatments can be attributed to mineralization of organic matter and the release of basic cations, which neutralize soil acidity and improve buffering capacity. Similarly, soil electrical conductivity (EC) was enhanced in OM-amended plots, with T6 showing the highest EC (0.96–0.92 dS m⁻¹), reflecting increased soluble salts from decomposition of organic materials and improved nutrient availability. Soil organic carbon (OC) also increased with organic manure application, reaching 0.43 % in T6 at 30 DAS, compared to 0.37 % in the control, indicating improved carbon accumulation, humus formation and microbial activity. Overall, integrating SMS and arecanut husk-based organic manure with NPK fertilizers not only maintained near-neutral soil reaction but also enhanced nutrient availability and soil fertility, supporting healthier crop growth. These results align with previous studies (Deepa, 2021; Bandole and More, 2000; Montemurro et al., 2006), confirming the effectiveness of organic–inorganic nutrient management in improving rhizosphere soil health and productivity.
Table 9. Effect of SMS and arecanut husk based organic manure on soil chemical parameters (pH, EC and OC) in French bean rhizosphere at different growth stages
	Treatment
	pH
	EC (dS/m)
	Organic carbon (%)

	
	Initial
	10 DAS
	20 DAS
	30 DAS
	Initial
	10 DAS
	20 DAS
	30 DAS
	Initial
	10 DAS
	20 DAS
	30 DAS

	T1
	5.76f
	5.72f
	5.70f
	5.67f
	0.22f
	0.21f
	0.20f
	0.20f
	0.36d
	0.37c
	0.37d
	0.37c

	T2
	5.92e
	5.91e
	5.92e
	6.00d
	0.42e
	0.42e
	0.41e
	0.39e
	0.37cd
	0.38bc
	0.38cd
	0.38c

	T3
	6.08d
	6.02d
	5.98d
	5.89e
	0.62d
	0.63d
	0.64d
	0.63d
	0.39ab
	0.39b
	0.40b
	0.40b

	T4
	6.49b
	6.45b
	6.36b
	6.30b
	0.86b
	0.85b
	0.84b
	0.82b
	0.40a
	0.41a
	0.41ab
	0.41ab

	T5
	6.26c
	6.25c
	6.19c
	6.14c
	0.69c
	0.71c
	0.71c
	0.70c
	0.38bc
	0.39bc
	0.39bc
	0.40b

	T6
	6.61a
	6.58a
	6.54a
	6.46a
	0.96a
	0.95a
	0.94a
	0.92a
	0.41a
	0.42a
	0.42a
	0.43a


Note- DAS- Days after sowing  

OM= organic manure produced from SMS and Arecanut husk of the best treatment 

RD NPK – recommended dose of NPK
Values represent treatment means. Standard error of mean [SE(m) ±] and critical difference (CD) are given separately. Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

	T1- Control

T2- RD NPK

T3- RD NPK (100 % NPK + 100 %FYM)


	                                   T4- RD NPK (100 % NPK +100 % OM)

                                   T5- RD NPK (100 % NPK + 75 % OM)

                                   T6- RD NPK (100 % NPK +125 % OM)




3.8 Effect of SMS and arecanut husk based organic manure on soil microbial population in French bean rhizosphere at different growth stages
The population of bacteria, fungi and actinomycetes in the French bean rhizosphere significantly increased with the application of SMS and arecanut husk-based organic manure in combination with the recommended dose of NPK (RD NPK) across different growth stages. Among the treatments, T6 (100 % NPK + 125 % OM) recorded the highest microbial counts at 30 DAS, with bacterial, fungal, and actinomycetes populations of 29.89 × 10⁶, 18.26 × 10⁴ and 24.34 × 10³ CFU g⁻¹, respectively, whereas the control (T1) showed the lowest counts. The enhanced microbial proliferation in organic-amended treatments can be attributed to higher organic carbon and nutrient availability, which provide readily degradable substrates and a favourable environment for microbial activity. Treatments with combined organic and inorganic fertilizers consistently supported greater microbial growth than sole NPK or control, highlighting the synergistic effect of organic matter and inorganic nutrients. These results align with previous findings (Vidyashree, 2018; Zaman et al., 2004; Sneha et al., 1994; Devamani, 2002), confirming that organic amendments improve soil microbial diversity and activity. Overall, integrating SMS and arecanut husk-based organic manure with NPK, particularly at 125 % OM, significantly enhances rhizosphere microbial populations, which can improve soil fertility, nutrient cycling, and French bean productivity (Table 10).
Table 10. Effect of SMS and arecanut husk based organic manure on soil microbial population in French bean rhizosphere at different growth stages
	Treatment
	Bacterial Population (CFU x 106 g-1)
	Fungal Population (CFU x 104 g-1)
	Actinomycetes Population (CFU x 103 g-1)

	
	Initial
	10 DAS
	20 DAS
	30 DAS
	Initial
	10 DAS
	20 DAS
	30 DAS
	Initial
	10 DAS
	20 DAS
	30 DAS

	T1
	13.79f
	15.39e
	15.72f
	16.78f
	9.99f
	10.24f
	10.62f
	10.94f
	14.54b
	15.99c
	17.19c
	20.07d

	T2
	14.09e
	16.28d
	17.20e
	18.98e
	10.90e
	11.24e
	11.71e
	11.99e
	15.10b
	17.46bc
	19.12bc
	20.69cd

	T3
	18.63d
	19.84c
	20.38d
	21.80d
	12.40d
	12.92d
	13.46d
	13.92d
	16.13b
	17.82bc
	19.82b
	22.54b

	T4
	20.26b
	22.24b
	24.18b
	26.46b
	15.48b
	15.91b
	16.45b
	16.97b
	17.03ab
	18.15ab
	20.13b
	24.21a

	T5
	19.05c
	20.13c
	22.46c
	24.86c
	14.46c
	14.65c
	15.05c
	15.30c
	14.98b
	16.82bc
	18.95bc
	21.98bc

	T6
	24.44a
	26.72a
	28.62a
	29.89a
	16.20a
	16.76a
	17.42a
	18.26a
	19.17a
	20.01a
	22.44a
	24.34a


Note- DAS- Days after sowing  

          OM= organic manure produced from SMS and Arecanut husk of the best treatment 

          RD NPK – recommended dose of NPK

          Initial- at the sowing time
Values represent treatment means. Standard error of mean [SE(m) ±] and critical difference (CD) are given separately. Means within a column followed by the same letter are not significantly different according to Duncan’s Multiple Range Test (DMRT) at p < 0.05.

	T1- Control

T2- RD NPK

T3- RD NPK (100 % NPK + 100 % FYM)
	T4- RD NPK (100 % NPK +100 % OM)

T5- RD NPK (100 % NPK + 75 % OM)

T6- RD NPK (100 % NPK +125 % OM)


4. CONCLUSION
Co-composting arecanut husk (AH) and spent mushroom substrate (SMS) in a 70:30 ratio using microbial decomposers is a viable and economically profitable method for producing high-quality, nutrient-rich organic manure. The composting process showed a stable trend with gradual decomposition, nutrient enrichment, reduction in C:N ratio, and stabilization of pH and electrical conductivity, indicating the maturity of the manure. Application of this organic manure, particularly at 125 % of the recommended dose along with NPK fertilizers (T6), significantly improved soil chemical properties including pH, electrical conductivity, and organic carbon content, while also enhancing microbial populations (bacteria, fungi and actinomycetes) in the French bean rhizosphere. These improvements contributed to better nutrient availability, soil health and potential crop productivity. Overall, the study demonstrates that co-composted AH and SMS not only comply with FCO standards but also offer a practical, eco-friendly solution for managing agro-industrial residues and promoting sustainable agriculture.
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T2- AH 100 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)
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T1- Arecanut husk 100%


T2- AH 100 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T3 - AH 90 % + SMS 10 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %) 


T4 - A H 80 % + SMS 20 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T5 - AH 70 % + SMS 30 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)








T1- Arecanut husk 100%


T2- AH 100 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T3 - AH 90 % + SMS 10 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %) 


T4 - A H 80 % + SMS 20 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T5 - AH 70 % + SMS 30 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)








T1- Arecanut husk 100%


T2- AH 100 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T3 - AH 90 % + SMS 10 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %) 


T4 - A H 80 % + SMS 20 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)


T5 - AH 70 % + SMS 30 % + Microbial decomposers (0.5 %) + Urea (1 %) + Rock phosphate (5 %) + Gliricidia (20 %)












