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Abstract

Waste Decomposer is a liquid formulation containing a consortium of beneficial microorganisms, primarily cellulolytic and lignolytic fungi and bacteria, that enhance organic matter degradation. Beyond speeding up decomposition, the inoculant promotes improved nutrient availability, enhanced humus formation and contributes to soil health restoration when the finished compost is applied to agricultural field. This study aims to assess the effectiveness of Waste Decomposer in composting sesame stalk residues by monitoring physical, chemical and biological changes throughout the composting process. The present experiment was conducted during rabi-2020-21 at Regional Agricultural Research Station, Jagtial, PJTAU, India. Sesame stalks were collected and made heaps of 10 kg with 2 X 1 m length and width and treatments were imposed. Compost samples were drawn at 30m 60, 90 and 120 days after inoculation.  The collected samples were analysed for total N, P and K content, C:N was measured using standard procedures. Overall, the PJTSAU microbial consortium consistently outperformed Waste Decomposer in nutrient release. Its diverse microbial composition—including cellulolytic, ligninolytic and nutrient-mobilizing strains—enhances the breakdown of complex lignocellulosic materials such as sesame stalks. Such synergistic microbial interactions have been shown to improve organic matter decomposition and nutrient mineralization. Microbial inoculation, especially with the PJTSAU consortium, significantly boosts carbon mineralization from sesame stalk residues. Such treatments accelerate compost maturity, reduce residue persistence and promote more efficient nutrient cycling, thereby supporting sustainable residue management and improving soil health in semi-arid cropping systems.
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Introduction:
The sesame plant (Sesamum indicum L.) is a vital oilseed crop extensively grown in semi-arid and arid regions, producing large quantities of post-harvest stalk residues (Ghosh et al., 2016﻿). These lignocellulosic residues are often underutilized or burned openly, leading to the loss of valuable organic matter, nutrient depletion and environmental pollution (Gupta et al., 2004; Singh et al., 2019﻿). Sustainable management of these residues is crucial for enhancing soil health, improving nutrient cycling and minimizing the carbon footprint of crop production systems (Lal, 2015﻿). Composting offers an eco-friendly method to convert high volumes of crop residues into nutrient-rich organic amendments; however, the slow decomposition of sesame stalks—attributable to their high lignin and cellulose content—often hampers efficient composting (Zhao et al., 2017﻿). Recycling crop residues and organic wastes effectively is essential for sustainable agriculture, especially in areas experiencing declining soil organic matter, nutrient imbalances and increasing input costs (Lal, 2015﻿). Biological decomposition plays a key role in transforming these residues into stable, nutrient-dense amendments, but their high lignocellulosic composition slows this process (Zhao et al., 2017; Bhattacharyya et al., 2018﻿). To overcome these challenges, microbial inoculants have become a practical solution to accelerate organic matter breakdown and improve compost quality ( Kumar et al., 2020﻿).
The use of microbial consortia, especially low-cost bio-inoculants, has emerged as an effective approach to accelerate residue decomposition. One such inoculant, Waste Decomposer, developed by the National Centre for Organic Farming (NCOF﻿), India, is widely promoted and contains a consortium of cellulolytic, lignolytic and decomposer fungi and bacteria (NCOF, 2017﻿). This inoculant has demonstrated potential to speed up composting of various agricultural wastes, enhance nutrient mineralization and increase enzyme activities linked to organic matter breakdown (Kumar et al., 2020; Sharma et al., 2019﻿). Despite its growing adoption at the field level, scientific data on its effectiveness specifically for decomposing sesame stalk residues remain scarce. Given the biochemical resistance of sesame biomass and the urgent need for rapid compost production to support on-farm recycling, evaluating Waste Decomposer’s performance is well justified. Investigating its impact on decomposition rate, compost quality, nutrient enrichment and biochemical transformations will offer valuable insights for both farmers and researchers focused on sustainable residue management.
Waste Decomposer is a liquid formulation containing a consortium of beneficial microorganisms, primarily cellulolytic and lignolytic fungi and bacteria, that enhance organic matter degradation (Sharma et al., 2019). When applied to crop residues, farm wastes, or compost pits, this microbial blend rapidly colonizes the biomass, increases enzymatic activity and accelerates mineralization processes (Kumar et al., 2020). Beyond speeding up decomposition, the inoculant promotes improved nutrient availability, enhanced humus formation and contributes to soil health restoration when the finished compost is applied to agricultural fields (Sharma & Saha, 2021). Although widely adopted on farms across India, scientific evaluations of its efficacy under diverse organic substrates and climatic conditions remain limited (Yadav et al., 2020). Understanding its decomposition efficiency, nutrient transformation and impact on compost quality is essential to optimize its use in residue management. Research on Waste Decomposer’s performance provides vital evidence to support sustainable agriculture, reduce residue burning and promote circular nutrient flows within farming systems (Gupta et al., 2004; Singh et al., 2019).
Sustainable management of crop residues and organic wastes is increasingly important for maintaining soil fertility, reducing environmental pollution and enhancing nutrient recycling in intensive cropping systems (Lal, 2015; Singh et al., 2019). Microbial inoculants play a key role in this process by accelerating organic matter decomposition and transforming complex biomolecules into plant-available nutrients (Kumar et al., 2020). To address these needs, Professor Jayashankar Telangana Agricultural University (PJTAU) developed a microbial consortium composed of efficient strains of cellulolytic, lignolytic and nutrient-mobilizing microorganisms tailored for residue decomposition under local climatic conditions (PJTSAU, 2020). The PJTSAU Microbial Consortium combines complementary microbial groups—including cellulose degraders, lignin-degrading fungi, nitrogen fixers, phosphate solubilizers and other beneficial microbes—that work synergistically to enhance organic matter breakdown (Bhattacharyya et al., 2018). This consortium not only accelerates composting but also improves nutrient release, humification and overall compost quality (Sharma et al., 2019; Saha & Biswas, 2021). Its use offers a sustainable alternative to residue burning, a common practice that leads to nutrient loss, greenhouse gas emissions and soil degradation (Gupta et al., 2004; Singh et al., 2019).
By enhancing microbial respiration, enzymatic activity and substrate utilization efficiency, the PJTSAU microbial consortium accelerates carbon mineralization, leading to faster residue degradation and improved nutrient release patterns (Sharma et al., 2019). This process also promotes carbon stabilization and humification, enriching compost with stable organic matter and improving its quality. The consortium provides a sustainable alternative to residue burning, which causes nutrient loss, greenhouse gas emissions and soil degradation (Gupta et al., 2004; Singh et al., 2019). While its popularity among farmers and composting units is growing, scientific evaluation under specific substrate conditions remains crucial. Assessing its effectiveness in degrading diverse crop residues, stimulating microbial activity and enhancing carbon mineralization and nutrient dynamics will offer evidence-based guidance for wider adoption (Yadav et al., 2020). Overall, studying the PJTSAU consortium supports better residue management, promotes circular nutrient flows and advances climate-resilient, low-carbon agriculture (Lal, 2015; Kumar et al., 2020).
Accordingly, this study aims to assess the effectiveness of Waste Decomposer in composting sesame stalk residues by monitoring physical, chemical and biological changes throughout the composting process.


Materials and methods:
The present experiment was conducted during rabi-2020-21 at Regional Agricultural Research Station, Jagtial, PJTAU, India. Sesame stalks were collected and made heaps of 10 kg with 2 *1 m length and width and treatments were imposed.
The treatments were i. Standard method of composting (Addition of dung and moisture), ii. Composting with waste decomposer and iii. Composting with PJTSAU microbial consortium. 200 liters of decomposer per ton of crop residue was added. Compost samples were drawn at 30m 60, 90 and 120 days after inoculation.  The collected samples were analysed for total N, P and K content, C:N was measured using standard procedures.
Simultaneously, lab studies for 5 weeks were conducted for measuring carbon mineralization using sesame stalks with different microbial consortium and using soil and sesame stalks with different microbial consortia. The treatments were i. soil+ sesame stalks +PJTAU microbial consortium, ii. Soil+ sesame stalks + waste decomposer, iii. Soil+ sesame stalks and iv. Soil. Carbon mineralization was determined by alkali trapping method (Jain et al., 2003) 
Results and discussion:
Total Carbon (P %)
The total phosphorus (P) and potassium (K) content of sesame stalk residues increased progressively throughout decomposition in all treatments (Table 1). In the control, P content rose steadily from 0.14% initially to 0.51% at 120 days, reflecting the gradual mineralization of organically bound phosphorus during residue breakdown. This increase was more pronounced in residues treated with Waste Decomposer, where P reached 0.82% at 120 days. The PJTSAU microbial consortium exhibited the highest P content (0.89%), indicating superior effectiveness in accelerating the mineralization of P-containing organic compounds. Microbial consortia enriched with cellulolytic, hemicellulolytic and phosphate-solubilizing microbes are known to enhance P release during decomposition (Sinsabaugh et al., 2008; Richardson & Simpson, 2011﻿).
Total Carbon (K %)
A similar pattern was observed for total K content. In the control, K content increased gradually from 0.74% to 0.93% by 120 days, reflecting slow natural leaching and tissue breakdown. Treatments inoculated with decomposers showed significantly higher K accumulation, with Waste Decomposer and the PJTSAU consortium recording 1.12% and 1.16%, respectively, at 120 days. Since potassium primarily exists as ions within plant cell vacuoles rather than as part of organic compounds, its release is mainly driven by cell lysis and leaching rather than enzymatic activity (Brady & Weil, 2016﻿). Enhanced microbial activity in inoculated treatments likely accelerated degradation of cell walls and membranes, facilitating faster K release. Similar nutrient release increases following microbial inoculation have been reported (Goyal et al., 2005; Bhuvaneshwari et al., 2019﻿).
Total Carbon (C %)
Total carbon content in sesame residues declined progressively from initial levels to 120 days across all treatments, indicating ongoing organic matter decomposition. This reduction was more pronounced in decomposer-treated residues compared to the control. At 120 days, the PJTSAU microbial consortium recorded the lowest carbon content (27.8%), followed by Waste Decomposer (28.7%), while the control retained higher levels (32.6%). The accelerated carbon loss in inoculated treatments reflects enhanced degradation of lignocellulosic components through microbial enzymatic breakdown of cellulose and hemicellulose, releasing CO₂ via respiration and depleting the total carbon pool (Saha et al., 2010; Meena et al., 2020).​
Total Nitrogen (N %)
Nitrogen content increased steadily over time in all treatments due to mineralization and concentration effects from carbon loss. The PJTSAU consortium achieved the highest nitrogen levels (1.77%) at 120 days, followed by Waste Decomposer (1.64%) and control (1.45%). Enhanced nitrogen enrichment in treated residues demonstrates efficient microbial immobilization-mineralization cycles, converting organic N to ammoniacal and nitrate forms through N-transforming enzymes and increased microbial biomass turnover (Tripathi et al., 2014; Bhattacharyya et al., 2018).​
C:N Ratio
The C:N ratio decreased significantly across treatments as decomposition progressed, signaling improved residue quality and microbial activity. The PJTSAU consortium showed the most rapid decline (40.83 initial to 15.71 at 120 days) (Table 2.), followed by Waste Decomposer (17.50) and control (22.48). Lower C:N ratios in inoculated treatments indicate faster stabilization suitable for soil incorporation without nitrogen immobilization risk, driven by simultaneous carbon loss and nitrogen gain (Awasthi et al., 2017; Singh et al., 2019).
Overall, the PJTSAU microbial consortium consistently outperformed Waste Decomposer in nutrient release. Its diverse microbial composition—including cellulolytic, ligninolytic and nutrient-mobilizing strains—enhances the breakdown of complex lignocellulosic materials such as sesame stalks. Such synergistic microbial interactions have been shown to improve organic matter decomposition and nutrient mineralization (Vance et al., 2003; Lal, 2020﻿). The improved nutrient mineralization observed in inoculated treatments aligns with previous findings that microbial consortia accelerate residue decomposition, promote humification and improve the quality of compost produced from crop residues (Sharma et al., 2018; Nair & Lawson, 2020﻿).
Carbon Mineralization Dynamics
Carbon mineralization patterns varied distinctly among treatments involving soil alone, sesame stalks alone and combinations inoculated with different microbial consortia (Fig. 1). All treatments showed a sharp decline in mineralization rate from day 3 to day 9, reflecting rapid consumption of easily decomposable carbon fractions during the early phase. Treatments with sesame stalks (Soil + Sesame) exhibited significantly higher carbon mineralization than soil alone, confirming that sesame stalks serve as an energy-rich substrate for microbial activity.
Among inoculated treatments, Soil + Sesame + UC (University Consortium/PJTSAU) and Soil + Sesame + WD (Waste Decomposer) demonstrated higher mineralization rates compared to uninoculated residues. The UC treatment consistently showed the highest peaks, especially between days 3 and 9, indicating enhanced microbial degradation of labile carbon. This elevated activity reflects the ability of mixed microbial consortia to rapidly colonize residues and initiate enzymatic breakdown, particularly of cellulose and hemicellulose components (Nair & Lawson, 2020; Sinsabaugh et al., 2008).
Similar patterns emerged when sesame stalks alone were incubated. Treatments inoculated with UC and WD exhibited increased mineralization rates relative to the control (Sesame alone). The faster decline in mineralization by day 36 suggests depletion of easily oxidizable carbon fractions and a transition toward microbial degradation of more recalcitrant lignocellulosic biomass, consistent with typical decomposition pathways (Tuomela et al., 2000; Bhuvaneshwari et al., 2019).
Cumulative Carbon Mineralization
Cumulative carbon mineralization increased steadily throughout the incubation across all treatments (Fig. 2). The highest cumulative mineralization occurred in the Soil + Sesame + UC treatment, closely followed by Soil + Sesame + WD. By day 36, cumulative mineralization in UC treatments exceeded 80 µg C g⁻¹, while WD treatments remained slightly lower but still significantly higher than the control.
Sesame-only incubations showed a similar trend, with UC outperforming WD and the uninoculated control. The superior performance of the PJTSAU consortium likely stems from its diverse microbial population, including cellulose-, lignin- and hemicellulose-degrading strains that accelerate carbon turnover. This synergistic microbial interaction enhances both decomposition rate and microbial efficiency (Shrestha et al., 2020; Sharma et al., 2018).
The much lower mineralization observed in soil-only treatments reflects limited substrate availability. Addition of sesame stalks increased organic carbon availability, activating microbial communities and promoting greater carbon release. These findings align with earlier studies demonstrating enhanced mineralization following residue amendments due to improved substrate quality and microbial activation (Goyal et al., 2005; Bernal et al., 2009).
Influence of Microbial Consortia on Carbon Dynamics
Both microbial inoculants significantly boosted carbon mineralization and cumulative CO₂ evolution compared to uninoculated controls. This enhancement is likely driven by:
Enhanced enzyme activities (cellulase, ligninase, hemicellulase) facilitating breakdown of complex residues. Increased microbial biomass formation stimulating organic matter turnover
Improved carbon–nitrogen coupling, enabling faster carbon substrate utilization.
Overall, carbon mineralization efficiency followed the trend: PJTSAU microbial consortium > Waste Decomposer > Control. These results are consistent with previous reports of accelerated residue decomposition and carbon mineralization after microbial inoculation (Nair & Lawson, 2020; Shrestha et al., 2020).

Conclusion:
Across all measured parameters—Total Carbon, Total Nitrogen and C:N ratio—the PJTSAU microbial consortium consistently outperformed the Waste Decomposer and the control. This superior performance indicates that the consortium’s diverse microbial composition effectively enhances lignocellulosic degradation, carbon mineralization, nitrogen transformation and overall compost quality. These findings underscore the value of region-specific microbial inoculants for efficient crop residue management and the production of nutrient-rich compost. Microbial inoculation, especially with the PJTSAU consortium, significantly boosts carbon mineralization from sesame stalk residues. Such treatments accelerate compost maturity, reduce residue persistence and promote more efficient nutrient cycling, thereby supporting sustainable residue management and improving soil health in semi-arid cropping systems.
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Table1: effect of decomposers on total P (%) and K (%) content in sesame crop residue 
	Decomposers on total P (%) in crop residue

	Treatments 
	Initial
	30 DAYS
	60 DAYS
	90 DAYS
	120 DAYS

	Control 
	0.14
	0.17
	0.19
	0.29
	0.51

	Waste Decomposer 
	0.14
	0.16
	0.2
	0.77
	0.82

	PJTSAU microbial consortium 
	0.14
	0.14
	0.21
	0.86
	0.89

	Decomposers on total K (%) in crop residue

	Treatments 
	Initial
	30 DAYS
	60 DAYS
	90 DAYS
	120 DAYS

	Control 
	0.74
	0.81
	0.86
	0.91
	0.93

	Waste Decomposer 
	0.74
	0.83
	0.91
	0.96
	1.12

	PJTSAU microbial consortium 
	0.74
	0.84
	0.94
	1.02
	1.16



Table 2: Effect of decomposers on total C (%) and N (%) content and C:N ratio  in sesame   crop Residue  
	Total Carbon (%)

	Treatments 
	Initial
	30 DAYS
	60 DAYS
	90 DAYS
	120 DAYS

	Control 
	44.5
	42.6
	39.7
	35.6
	32.6

	Waste Decomposer 
	44.5
	41.2
	34.6
	30.4
	28.7

	PJTSAU microbial consortium 
	44.5
	40.5
	33.4
	29.7
	27.8

	Total Nitrogen (%)

	Treatments 
	Initial
	30 DAYS
	60 DAYS
	90 DAYS
	120 DAYS

	Control 
	1.09
	1.12
	1.24
	1.33
	1.45

	Waste Decomposer 
	1.09
	1.19
	1.31
	1.45
	1.64

	PJTSAU microbial consortium 
	1.09
	1.2
	1.36
	1.51
	1.77

	C:N Ratio

	Treatments 
	Initial
	30 DAYS
	60 DAYS
	90 DAYS
	120 DAYS

	Control 
	40.83
	38.04
	32.02
	26.77
	22.48

	Waste Decomposer 
	40.83
	34.62
	26.41
	20.97
	17.50

	PJTSAU microbial consortium 
	40.83
	33.75
	24.56
	19.67
	15.71



	
	

	Fig 1 (a). Carbon mineralization using soil and sesame stalks with different microbial consortia
	Fig 1 (b). Carbon mineralization using sesame stalks with different microbial consortia

	
	

	Fig 2 (a). Cumulative carbon mineralization using soil and sesame stalks with different microbial consortia
	Fig 2 (b). Cumulative carbon mineralization using sesame stalks with different microbial consortia



Soil+Sesame+UC	3	6	9	12	15	22	29	36	15.99066	11.380740000000024	6.62676	8.067359999999999	8.6436000000000011	9.0757800000000248	7.3470599999999955	9.5079600000000006	Soil+Sesame	3	6	9	12	15	22	29	36	15.414420000000002	10.660440000000024	6.4827000000000004	7.3470600000000017	6.7708199999999987	7.9232999999999993	7.4911199999999996	9.5079600000000006	Soil+Sesame+WD	3	6	9	12	15	22	29	36	14.838180000000001	11.812920000000002	6.9869099999999982	6.4827000000000004	8.6436000000000011	8.2114199999999986	7.7792400000000921	9.3639000000000028	Soil	3	6	9	12	15	22	29	36	6.1945799999999656	0.28812000000000132	1.5846600000000004	0.28812000000000032	0.72030000000000161	1.1524800000000166	0.86436000000000135	2.0168399999999767	Days of Incubation
C mineralization (µg C g-1)

Sesame+UC	3	6	9	12	15	22	29	36	14.982240000000004	10.948560000000001	10.948560000000001	5.7623999999999995	6.7708199999999987	9.7960800000000017	6.9148799999999975	4.8980399999999955	Sesame+WD	3	6	9	12	15	22	29	36	14.838180000000001	10.516380000000002	8.2114200000000004	5.4742800000000003	5.9064599999999992	7.2030000000000012	6.3386400000000034	7.0589400000000007	Sesame	3	6	9	12	15	22	29	36	14.69412	10.660440000000024	6.62676	4.3217999999999988	4.4658599999999975	4.8980400000000026	6.0505199999999855	3.4574399999999987	Days of Incubation
C mineralization (µg C g-1)

Soil+Sesame+UC	3	6	9	12	15	22	29	36	15.99066	27.371400000000001	33.998160000000013	42.065520000000063	50.709120000000013	59.7849	67.131960000000007	76.639920000000004	Soil+Sesame	3	6	9	12	15	22	29	36	15.414420000000002	26.074860000000267	32.557560000000002	39.904620000000001	46.675440000000002	54.598740000000063	62.089860000000002	71.597820000000027	Soil+Sesame+WD	3	6	9	12	15	22	29	36	14.838180000000001	26.651100000000035	33.638010000000413	40.120710000000521	48.764310000000485	56.975730000000013	64.75497	74.118869999999987	Soil	3	6	9	12	15	22	29	36	6.1945799999999656	6.4827000000000012	8.0673600000000008	8.3554800000002043	9.0757800000000248	10.228259999999999	11.092620000000007	13.109460000000007	Days of incubation
Cumulative C mineralization (µg C g-1)

Sesame+UC	3	6	9	12	15	22	29	36	14.982240000000004	25.930800000000001	36.879360000000005	42.641760000000005	49.412580000000005	59.208660000000009	66.123539999999949	71.02158	Sesame+WD	3	6	9	12	15	22	29	36	14.838180000000001	25.354560000000031	33.565980000000003	39.040260000000004	44.946720000000006	52.149720000000002	58.488360000000007	65.547300000000007	Sesame	3	6	9	12	15	22	29	36	14.69412	25.354559999999999	31.981319999999663	36.30312	40.768980000000013	45.667020000000001	51.71754	55.174980000000005	Days of incubation
Cumulative C mineralization (µg C g-1)




